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OCCUPATIONAL RISK ASSESSMENT FOR
MAINTENANCE ELECTRICIANS WITHIN AN
AUTOMOTIVE PRODUCTION COMPANY

ROLAND IOSIF MORARU!

Abstract: This work represents an attempt to highlight, in a concise form, through
accessible arguments, combined with scientific rigor, the potentiality of methods for evaluating
occupational risk factors for the "Maintenance and Repair Electrician™ job. At the same time, we
tried to capture, in a broad, relational, systematic, concise, but also attractive framework, the
essential aspects of the assessment of the risk factors found at the level of workplaces within the
investigated company. The aim was to offer an interesting perspective, in the aspect of a particular
vision of the organizational reality or a new paradigm regarding the impact of the assessment of
risk factors on competitive success, which would bring a genuine increase in knowledge, facilitate
the understanding of the respective issue or the new reference for explaining organizational
performance and to have relevance for the professionalization of activities in the field.

Key words: risk at work, injury and occupational illness, maintenance electrician,
automotive industry.

1. INTRODUCTION

Any organization operating in an environment that influence the risks but creates
at the same time, a context that fixes the limits within which risks must be managed [1],
[2], [3]. Moreover, each organization has partners relying on their approach for
achieving the goals [4], [5] As emphasized by Moraru et al. (2011, 2014), an effective
risk management for occupational health and safety (OHS) must take into account the
priorities established by the partners too with respect to risk management processes [6],
[7]. Therefore, the environment in which the organization subsists is not neutral. In
theory and practice devoted to risk we are speaking even about the extended organization
(at the level of the interacting environment) [8]. Risk management must be subordinated
to the objectives that form an integrated, coherent and converging system, towards the
overall objectives, so that activity levels to support each other [9], [10], [27], [29], [31].

This approach allows the organization to define and implement a risk
management strategy that starts from the top and is integrated into routine activities and
operations of the organization. In all working systems and all the jobs the employer has

! Professor., Ph.D. Eng., University of Petrosani, roland moraru@yahoo.com
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a general duty to protect the life, integrity and health of workers against occupational
hazards that may occur in the workplace and create working conditions designed to
ensure their physical, psychological and social comfort. [11], [12]. Adoption by the
employer, within its responsibilities, of prevention and protection measures aimed at
preventing occupational risks, information and training of workers and ensuring the
organizational framework and means required for health and safety at work imposes to
perform the occupational risk assessment [13]. Therefore, it can be stated that the
primary goal of occupational risk assessment is always prevention of occupational risks,
even if this objective is not always achievable in practice [14]. Where it is not possible
to eliminate hazards, risks should be reduced so that the residual risks are kept under
control [15]. In later stages and under a rigorous control program, residual risks will be
reassessed, analyzing the possibility to further eliminate or reduce them, following
developments in scientific and technical knowledge [16], [28], [30], [34].

I 1. Establishment of the occupational risk assessment plan I

4

2. Structuring the occupational risk assessment
Adopting decision on how to approach (geographic,
functional/process-focused/streamlined)

1

3. Data gathering
Equipment/working task/working environment/
exposed workers/acquired experience

1

I 4. Hazard identification I

4

I 5. Exposed workers identification I

4

I 6. Identification of exposure types I

1

7. Risk estimation
Likelihood of occurrence/severity
of injury or illness

1

8. Analysis of possibilities to eliminate hazards or
to control risks

L

9. Risk hierarchy and prioritization of prevention and
protection measures

1!

10. Prevention and protection measures
implementation

$

11. Recording the results of the occupational risk
assessment

i

I 12. Measuring the effectiveness I

1

I 13. Revision of the occupational risk assessment I

1

14. Monitoring of the occupational
risk assessment plan

Fig.1. The overall chart of the occupational risks assessment and management process (adapted
after [26])
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Starting from the legislative, normative and methodological requirements, it can
be stated that the occupational risk assessment is the systematic study of all aspects of
the work process that are likely to generate unwanted events, of the means of eliminating
hazards and applicable prevention and protection measures to control the associated risks
[17], [18], [19], [20].

The assessment should cover the occupational risks that are reasonably
foreseeable. Risks resulting from day-to-day activities are normally considered
insignificant and require no special attention unless professional activity implies their
aggravation [21]. The methodology and criteria for assessing occupational risks must be
defined according to the scope, nature and time scheduling to ensure they are proactive
rather than reactive and are used in a systematic manner [22]. Organizations can use
different risk assessment methods as part of their global strategy to deal with various
hazards or activities. The complexity of the risk assessment method does not depend on
the size of the organization but on the hazards associated with the organization's
activities. Figure 1 presents the general chart of the occupational risk assessment process
that includes some elements of occupational risk management [23], [32].

To be effective and sustainable, the risk assessment process should be simple,
practical, and easy to understand. Its success highly depends upon management
commitment, involvement and adequate resources allotment [24]. The process should be
performed by people with proper skills supported by technology that is correctly sized
for the working task. Risk assessment must be part of a larger framework that uses the
information gathered to make decisions about risk responses and monitoring, and returns
information back into the overall strategic planning process [25], [33].

2. WORK PROCESSES IN THE INVESTIGATED COMPANY

Commercial company S.C. XYZ ROMANIA LLC. is located in the N-E part of
the ABC municipality, and owns the site of 6.75 ha of the headquarters, the built surface
is Ac = 14,490 m?and the developed surface is Ad = 16,320 m?. The company provides
its employees with appropriate spaces for carrying out their activity, environmental
motivations for quality services. Activity profile: CAEN code 2932 - manufacture of
other parts and accessories for motor vehicles and motor vehicle engines. Number of
employees: 551 . They carry out their activities in the main headquarters, as follows:

a) Company management and support departments:
e Secretariat;
e Technical office: HSE (Safety and health at work, Emergency situations and
Environment);
e Human resources office;

e Financial office - accountant;

e Archive;
e Engineering;
o |T;

e Logistics office;
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e Personal training rooms;
e Dining room;

e Changing rooms-lockers;
e Medical office.

b) Production/manufacturing departments:

. Warehouse raw materials production space
. BPP sector (sandblasting, adhesive application)
. Press sector

. Clamping/unclamping sector

. Ovens sector

. GSP sector

. Accessories sector

. Packaging sector

. Finished product warehouse sector

10. Quality laboratory

11. Maintenance

OCoOoO~NO O WNPEF

The specific activities of each section are carried out based on the work
procedures and integrated management plans for quality, environment, safety and health
at work, established for each of them within the implemented SMI (integrated
management system).

¢) Technical space annexes:

- Compressor technical space;

- Thermal power plant technical space;

- Electricity transformer building;

d) Warehouses:

- Storage of chemical materials;

- Storage of raw materials;

- Residuary wastes.

Description of activities:

The production hall, the property of the company, is authorized and approved
by the local administration bodies, sanitary, the authority for environmental protection,
fire safety and safety and health at work, in an area of 11,564 square meters. The
following sections are organized in this space:

1. Raw material warehouse section for production space

The raw material warehouse for production space is equipped with 3 forklifts
and 3 electric forklifts that also serve the production sector, shelves for storing raw
materials and materials. Also here is the installation to send the mix to the press bunkers.
In this warehouse, the raw material (mix, metal plates, chemicals, etc.) is received, a
preliminary quality check is made and they are placed on the shelves (fig.2).

10
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Fig.2. Raw material warehouse section for production space

2. Section BPP sandblasting adhesive application

The BPP sandblasting and adhesive application section receives the plates from
the raw material warehouse, it is equipped with a plate sandblasting plant, an adhesive
application plant, a plate heating oven, a cooling oven, a conveyor belt, a plate recovery
tank, shelves for keeping sandblasted plates and for which the adhesive was applied. The
metal plates are sandblasted, then a layer of adhesive is applied, they go through the oven
and then the cooler, then they are transported to the press section (fig.3).

Fig.3. Section BPP sandblasting adhesive application

3. Presses section
At the press section there are 2 types of pressing procedures:
- Hot pressing: FHP presses, 3 pieces
- Cold pressing: FSP presses, 6 pieces, KZP 4 pieces, SSP 2 pieces.
The plates coming from the adhesive application section are placed in the press
warehouse, the mix is brought through pipes from the warehouse to the hopper, and the
pressing operation is done automatically (fig.4).

Fig.4. Section ,,presses”

4. Clamping/unclamping section
The clamping/unclamping section contains 10 workstations. When clamping,
they are fixed in frames to prevent expansion in the ovens, then they are placed in the

11
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oven at a temperature lower than 300°C and left for a few hours for the baking process.
Then they are put into the cooler where they are removed from the frames (fig. 5).

Fig.5. Clamping/unclamping section

5. Furnace section

Furnace section contains a number of 6 ovens where the plates are inserted into
the oven at a temperature lower than 300°C and are left for a few hours for the baking
process (fig. 6).

6. GSP section

The GSP section has 5 production lines. At GSP, the first process is the grinding
process, where the edges of the plates are made (they are ground), then on the metal side,
the back of the plate, a paint is applied in an electrostatic field (in painting booths), then
the plates are inserted into the painting oven (paint oven) then follows the cooler and the
rotary table from where they are taken manually by the operator. At GSP, the plates are
transported between processes on a conveyor belt (fig.7).

12
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7. Accessories section

The accessory section has 10 work lines. For accessories, various accessories
are applied on the back of the plates, the sensor (only on certain types) 10 work tables,
10 devices for inscription, 10 stations with operators who mount accessories and inscribe
the barcode and company logo on the plate (fig.8).

el

Fig.8. Accessories section

8. The packing department

The packing section has 3 work lines, consisting of work tables, box support
stacks. When packing, the pairs of plates are put into boxes, along with the instructions,
the boxes are closed and sealed, checked and ready for delivery. At each section and
completion of operation or process there are stations for checking product operations by
quality checkers (fig.9).

Fig.9. The packing department

9. Finished Product Warehouse Section

The product warehouse is equipped with 2 forklifts and 2 electric forklifts that
also serve the production sector, shelves for storing finished products. At the finished
product warehouse, the products are placed in transport boxes and the rolls are loaded
for transport (fig. 9)

Fig. 9. Finished Product Warehouse Section

13
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10. Quality Laboratory Section
At the quality laboratory, specific tests are performed (friction, detachment, etc.)
being equipped with devices and equipment for performing tests and checks (fig. 10).

Fig.10. Quality Laboratory Section

11. Maintenance Section

The maintenance department is equipped with welding machines (electric and
autogenous), drilling machine, cutter with abrasive stone (fixed and mobile), grinder,
welding table, lathe, planer, milling machine, grinding machine, tool kit, air compressor,
workbenches, vices, sandblasting machine etc. The maintenance section provides repairs
and interventions to production machinery in the event of defects, malfunctions in the
process and technological flow (fig.11).

Fig.11. Maintenance Section

The jobs that were analyzed and for which the risk assessment for safety and
health at work was carried out are presented in table 1.

Table 1. The list of jobs for which the risk assessment was carried out

(l:\lr: Job/workstation \',\lvg:rll(g?; el
1 Operator of industrial robot presses FSP - CAEN code 817001 27
2. Maintenance and repair electrician - CAEN code 724507 7
3 Mechanical locksmith - CAEN code 721424 4
Total 38

3. ASSESSMENT OF INJURY AND OCCUPATIONAL DISEASE
RISKS FOR THE MAINTENANCE AND REPAIR ELECTRICIAN

The purpose of the work process is to check, maintain and repair the
electrical installations within the unit. Figures 12, 13 and 14 show some of the

14
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identified forms of manifestation of specific risks. Applying the tools and the
procedure specific to the INCDPM Bucharest method [26], the concrete forms of
manifestation of the risks were identified, the severity classes and the probability
classes related to each of the identified risks were assigned, and then - using the
scale of framing the risk levels, the partial risk levels were set.

The results obtained are centralized in Table 2. The meaning of the
notations in table 2 is as follows:

e WSE - Work system element; IR - identified risk; RF — risk factor; MC -
Maximum consequence; S - Severity; Likelihood; RL - Risk level; WE - Working
equipment; OE - Occupational environment; WT - Working task; HF - Human
factor;

e N-negligible; LTI 3-45 — Lost Time Injury from 3 to 35 days; LTI 45-180 — Lost
Time Injury from 45 to 180 days; INV | —first degree invalidity; INV Il —second
degree invalidity; INV Il —third degree invalidity; D — death.

Fig.13. Projection of dust mix in the eye, particles carried byhe air currents to the abrasive
belt, dropping-jumping pads

15
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Fig.14. Falling from a heightdue to imbalance, slipping, tripping — when checking the
level of mix in the mix in the hopper, when manually loading and emptying the hopper

Table 2. Risk Assessment Card for ,,Maintenance Electrician”

UNIT: S.C. XYZ Number of people exposed:
LLC. 7
DEPARTMENT: Duration of exposure: 8
Maintenance h/shift
WORKPLACE EVALUATION Evaluation team:
Workstation: SHEET Administrator, Head of
Electrician de maintenance, Head of
intretinere si internal OSH service,
reparatii 724507 Occupational medicine
doctor
WSE IR Risk Factors MC S| L RL

1. Machine parts in motion - grip,

drive by transmissions with ”I\IIY 4 | 2 3
Mech. couplings, with belts.
WE RF 2. Movements of means of
transport - hit by means of INV 4 |1 2

transport - access to the

16
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workplace by means of
vehicles
3. Dangerous surfaces or contours
— direct contact of the LTI s | 5 3
epidermis with cutting, prickly, 3-45
slippery surfaces
4. Lowered temperature — cold LTI > | 6 3
metal surfaces touched directly 3-45
TheRrILnaI 5. Flames from the accidental
priming of the electric arc in the D 711 3
switching devices.
6. Electrocution by direct contact D 7| 2 4
Electric 7. Electrocution by indirect
RF contact or by the appearance of D 7| 2 4
step voltage
8. Flammable substances,
Chemical RF adhesive, adhesive solution, LTI 3|3 3
. . 45-180
paints, thinners
: 9. High relative air humidit LTl 12 16| 3
Physical - 19 y 3-45
RF 10. High noise level especially in INV
4 | 2 3
OFE the test bench area Il
11. Low lighting level — lack of INV 4|9 3
lighting lamps Il
Chemical 12. High level of exhaust gases, D 711 3
RF etc.
. . LTI
13. Forced working positions. 3.45 2 | 6 3
Physical -
overload lAf' Dynan_nc effort — long LTI
intervention route, repeated 2 |5 3
WT . 3-45
movements between machines.
15. Difficult decisions in a short
Mental time made in an environment LTI 2 |5 3
overload . 3-45
of noise and exhaust gases.
16. Execution of works that exceed
the competence or D 7] 2 4
authorization of the worker
HE Wrong 17. Actions due to erroneous
actions identification of equipment D 7] 2 4
elements
18. Out of sync when working in a LTI 3|9 ’
team 45-180

17
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19. Falling on the same level by
unbalancing, slipping, tripping
— slippery, uneven surfaces
20. Falling from a height on the
nacelle, by stepping in the D 711 3
void, unbalancing or slipping
21. Failure to use personal
protective equipment:
Omissions electrical insulating boots, D 712 4
electrical insulating gloves,
protective helmet and visor

LTI
45-180

The overall risk level of the job is:

21
r. R
~ le T B (Ax4)+14-(3x3)+2-(2x2) 214

= =3,24 1
"0 ir 5x4+14x3+2x2 66 ()
=1

N

The partial levels of risk by risk factors are represented graphically in fig. 15,
the prevention and protection measures intended to minimize the risks located in the
unacceptable field being centralized in table 3.

- Partial risk levels

4 4 4 4 4
333 33333333 3 3
2 2

Ry

o -
Fof2 P R FS F6 Fl FB F3 Flz P13 Fl4 P15 FI6 P FI8 FI8 F F21

Fi0 Pt
Risk factors

Fig.15. Partial risk levels by risk factors at work: maintenance and repair electrician

18
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Table 3. Sheet of proposed measures: ""Maintenance and repair electrician' workplace

equipment
elements

Risk factor Risk Proposed measures
level

Technical measures:

e identification of the installations to be worked on;

e visual check of the integrity of the electrical conductor
insulation;

e the use, as appropriate, of a head protection helmet, a face
protection visor, electro-insulating gloves, electro-
insulating shoes or carpet and tools with an electro-
insulating handle;

FO6 - e execution of technical security measures by trained and
Electrocution by 4 authorized personnel.
direct contact Organizational measures:

e training and authorization according to the legal
provisions in force, as well as periodic testing of the
technical and work safety knowledge acquired by the
executor;

e execution according to the authorized procedures of all
interventions, regardless of their nature;

e periodical control with the aim of complying with
electrical safety measures.

Technical measures:

FO7 - o visual check of the integrity of the grounding of the
Electrocution b equipment casings, poles and metal and concrete supports
indirect contacty in the work area
or the 4 o discharging the capacitive load of the installation to be
appearance of worked on; . . .
e the use, as appropriate, of electro-insulating gloves, shoes
step voltage . . )
or electro-insulating carpet and tools with an electro-
insulating handle.
F16 - Execution Organlzatlgnal measures: N N
o the duties of the maintenance electrician will include only
of works that I . - ; I
activities for which he is authorized and trained;
exceed the . .
competence or 4 o for interventions that exceed the competence or
authorization of authorization of the maintenance electrician, natural or
legal persons with the necessary competence will be
the worker
contacted.
Technical measures:
. o all interventions performed on the electrical installations
F17 - Actions . : . : . .
will comply with the provisions contained in the technical
due to erroneous .
. e books of the equipment.
identification of 4

Organizational measures:

e the maintenance electrician will be periodically trained on
how to operate the technical equipment used by the unit in
the production process.
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F21 - Failure to
use individual
protective
equipment and
other protective
means provided

Technical measures:

e equipping workers with individual protective equipment
4 corresponding to the activity to be carried out.
Organizational measures:

e wearing protective equipment will be mandatory.

4. INTERPRETATION OF RISK ASSESSMENT RESULTS

The global risk level calculated for the job "Maintenance and repair electrician”

is equal to 3.24, a value that places it in the category of jobs with a low to medium risk
level, not exceeding the maximum acceptable limit (3.5).

The analysis of the data from the "Assessment Sheet™ highlights the fact that out

of the total of 21 risk factors identified, only 5 exceed, as a partial level of risk, the value
of 3, 5 falling into the category of medium risk factors.

The risk factors that are in the unacceptable range are:

FO6 - Electrocution by direct contact — partial risk level 4;

FO7 - Electrocution by indirect contact or the appearance of step voltage - partial
risk level 4;

F16 - Execution of works that exceed the competence or authorization of the
worker - partial risk level 4;

F17 - Actions through erroneous identification of equipment elements - partial
risk level 4;

F21 - Non-use of individual protective equipment and other protective means
provided - partial risk level 4.

In order to reduce or eliminate the 5 risk factors (which are in the unacceptable

field), the generic measures presented in the "Proposed measures sheet™ are necessary.
The distribution of risk factors by generating sources is presented as follows (fig. 16):

3. Risk factorsrelated to the 4.Human errors
working task
14.28%

2. Risk factors related to work 1. Risks related to equipments

environment
19,05%

Fig.16. The share of risk factors identified by the generating source

38.09%, factors specific to the work equipments;
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o 19.05%, factors specific to the work environment;
o 14.28%, factors specific to the workload;
o 28.58%, human factors.

From the analysis of the Risk Assessment Card, it is found that 38.10% of the
identified risk factors can have irreversible consequences on the performer (death or
disability), so that the workplace cannot be classified among those with a particular risk
of injury.

5. CONCLUSIONS

The work concerned the assessment of risks for the job "Maintenance and repair
electrician” within an industrial company in the automotive field, in accordance with the
provisions of art. 7, para. 4, lit. b, art. 12, para. 1, lit. and art. 13 of Law no. 319/2006
and art. 15, para. 1, points 1 and 2 of H.G. no. 1425/2006.

The risk assessment was carried out on the basis of the data provided to the
investigated company through the job descriptions, the lists of technical equipment, their
technical books, the regulations for granting individual protective equipment,
information about technological processes and the development of the work process for
each job, received from the management and technical staff of the company, as well as
the own observations made during the documentation visits and follow-up of the activity
for each workplace.

The list of jobs evaluated in the overall research is shown in table 4.

Table 4. The centralizer of the results of risk assessments at the investigated company

Crt. No. Workstation Overall risk
No. card level
1 FO1 Operator of industrial robot presses 3,11
FSP 817001
2 F02 Maintenance and repair electrician 3,24
724507
3 FO3 Locksmiths 721424 3,23

The overall risk level per company is:

3
Zri Ny,
Ngs = =3,19 (2)

3
e
i=1

According to the ranking, it is found that all jobs have a global risk level below
the allowed limit (3.5), they fall into the category of those with a low to medium risk
level. The value of the aggregate global risk level per company Ngs = 3.19, determines
its inclusion in the category of those with a low to medium risk level.

The ranking of workstations, depending on the overall level of risk, is shown in
table 5.
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Table 5. Risk ranking

Crt. No. Workstation Overall risk
No. card level
1 FO1 Maintenance and repair electrician 724507 3,24
2 F02 Locksmiths 721424 3,23
3 F03 Operator of industrial robot presses FSP 3,11
817001

The realization of the work consisted in going through the following stages:
analysis of the activities carried out within the company; establishing the workplaces
for which the risk assessment for safety and health at work was carried out; identification
of risk factors for each job; establishing the maximum foreseeable consequence of the
action of the risk factors on the human body, for each individual risk factor;
classification into gravity classes; classification into probability classes (frequency);
determination of the partial risk level for each identified risk factor; calculation of the
global risk level for each job; interpretation of the results of the risk assessment for
safety and health at work for each workplace, through the lens of current legislation;
preparation of measures sheets for each workplace, for risk factors that exceed the
acceptable level.

In the current activity of the investigated company, the employer has always
shown the conviction that the success, performance and competitiveness of the modern
organization depend, to a large extent, on the integration of the assessment of risk factors
into the business strategy, beyond the legal provisions that require this or the threat of
stopping the activity or fines applied by labor inspectors. Beyond these considerations,
the discrepancies also reflect the shock produced by an interdisciplinary, relatively new
field of concern and action on a society, not always sufficiently prepared in terms of
information, but also of the lack of multiple choices, therefore of knowledge and
receptivity to new and change.

Through this paper, we tried not only to present an aspectual assessment, from
the point of view of the occupational safety and health field, of a workplace, but also to
satisfy the need for information on the activity profile as a whole and to cover a void
strongly felt in the specialized literature. Because of claims, often apathetic, lacking in
depth, of false conditioning focused only on one method, of obvious mistrust, of the
perpetuation of de facto resistance or lack of specialized literature, translated into
Romanian, it should not be limited the action and not diminished the tendency of the
assessment of professional risk factors to integrate more and more deeply in the
organizational management, in general, or even in the management of human resources
in particular, beyond the activities of the Internal Service of Prevention and Protection,
as one of the modern directions of their development.

The paper invites to analysis, provokes reflection and hopefully interest, while
being susceptible to improvement and development, and some of the issues and aspects
require continuous improvement and examination. The work is, however, a point of
departure and analysis of research that is based on reducing the risk and reducing the
occurrence of work accidents.
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MANAGING THE RISKS OF INJURY AND
OCCUPATIONAL DISEASE IN THE MAINTENANCE
ACTIVITY OF WIND FARMS

GEORGETA BUICA!, ANCA ELENA ANTONOVZ CONSTANTIN
BEIU3, DRAGOS PASCULESCU* MIRCEA RISTEIU®

Abstract: In the context of climate change and through the lens of the objectives set at
the EU level regarding climate neutrality, through the Integrated National Plan in the field of
Energy and Climate Change 2021-2030, Romania proposed to increase the share of sources to
55.8% in 2030 of renewable energy in the electricity sector. For this purpose, one of the targets
established at the national level is related to the construction and commissioning of new
electricity production capacities from wind and solar sources. The paper aims to present a
synthesis of the research carried out regarding the assessment of accident risks and professional
improvement in the exploitation and maintenance of wind farms. Considering the new regulations
regarding the safety of machines, in the category of which wind turbines fall, taking into account
the European and national strategies regarding digitalization, the implementation of software
systems for monitoring, control and data acquisition in the integrated management systems of
electricity producers led to the reduction over time of the risks of occupational injury and desease.

The paper considers new research regarding the risks that may appear as a result of the
aging of the workforce and its fluctuation/migration in the activity of exploitation and
maintenance of wind farms in order to establish some measures to prevent the risks of accidents
and occupational diseases determined by the introduction of new digital production technologies.

Key words: risk, evaluation, safety, wind turbine.

1. INTRODUCTION

Romania attaches great importance to developing internal sources of electricity
production, pursuing two aspects: their diversification and reducing greenhouse gas
emissions.

The national policies regarding the fulfilment of the European Union's energy
targets for 2030-2050 emphasize the integration of localized renewables by increasing

1 Ph.D., Eng., georgiana_buica@yahoo.com
2Ph.D., Eng.
®Ph.D., Eng.
*Ph.D., Eng.
®>Ph.D., Eng.

25



GEORGETA BUICA, ANCA ELENA ANTONOV, CONSTANTIN BEIU, DRAGOS
PASCULESCU, MIRCEA RISTEIU

wind and solar potential. Through the Integrated National Plan in the field of Energy and
Climate Change 2021-2030 from April 2020, updated in 2023, Romania proposed as a
target for 2050 the achievement of an installed capacity of 30.4 GW, of which 76%
would come from renewable sources of energy [1], [22], [24], [27].

After 2010, wind farms registered rapid growth in Romania, with wind energy
becoming an integral part of the national energy system. According to the data reported
by the Ministry of Energy, the share of electricity produced from renewable sources
(wind, solar, biomass, biogas and geothermal) in 2023 was a significant 18% of the total
electricity produced [2]. This achievement is a testament to Romania's commitment to
renewable energy.

The data reported on the Transelectrica website show that in June 2024, 116
wind energy farms with a net power of 2966.439 MW provided electricity in the NES [3
- 5]. This specific data provides a clear picture of the current state of wind energy
production in Romania.

Figure 1 shows the electricity production from 07.05.2024, by types of energy,
graphically presented.

On 07/05/2024, the net production of electrical energy was 5923 MW, of which
the average wind energy production was 566 MW [3 - 5].
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Fig.1. Electricity production from 07/05/2024 by types of energy [5]

In order to reach the targets proposed by Romania, it must build and implement
new electricity production capacities from renewable wind, solar, biomass, biogas and
geothermal sources.

Although wind energy is considered environmentally friendly, at the European
and national levels, dangerous working conditions both during construction and during
exploitation have generated events. The paper presents the results of the research carried
out regarding the assessment of the risks of accidents and professional improvement in
the exploitation and maintenance of wind farms.

The research was carried out within the framework of three contracts signed with
economic agents, producers, and distributors of electricity from 2010 to 2022, with the
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aim of identifying and evaluating the risks of accidents and occupational diseases,
analyzing them, and proposing security measures to comply with technical conditions
and security and health requirements and ensure safe and healthy workplaces.

One hundred thirty-nine wind turbines, with an installed capacity of 2.5 MW
each, 4 110/33 kV electrical substations, a 400/110/20 kV electrical transformer station
and the 33 kV and 110 kV cable networks were evaluated and diagnosed. kV, the 33 kV
and 110 kV cable networks, but also in the ensemble as a workplace for maintenance
and repair operators [6, 7].

The evaluated and diagnosed wind turbines are installed onshore and mainly
consist of a foundation that also contains the grounding installation, the metal tower,
three vertical blades, the turbine nacelle/housing, the shaft, the rotor, the kinematic chain,
the electrical part/electrical system (generator, converter system, MV transformer,
medium voltage distribution installation, control systems) batteries for energy storage,
azimuth system and wind measurement devices, control, monitoring, measurement and
data acquisition systems [6 - 8].

2. ASPECTS REGARDING THE OCCUPATIONAL HEALTH AND
SAFETY REQUIREMENTS APPLICABLE TO WIND TURBINES

The main components of wind farms, wind turbines, must guarantee the essential
safety and health requirements applicable provided by Directive 2006/42/EC,
respectively HG no. 1029/2008 regarding the conditions for placing machines on the
market, Directive 2009/104/EC, respectively HG no. 1146/2006 regarding the minimum
safety and health requirements for the use of work equipment by workers, as well as
Directive 2014/35 /EU, respectively HG no. 409/2016 regarding the establishment of the
conditions for making low-voltage electrical equipment available on the market, the
applicable European and national standards, national technical regulations and codes of
good practice [6, 9 - 14].

Since maintenance activities usually occur at high heights, wind turbines must
guarantee the safety and health requirements regarding access/work at high heights.
Thus, the work equipment for access and work at height must guarantee the applicable
safety and health requirements provided by Directive 2009/104/EC regarding the
minimum safety and health requirements for the use of work equipment by workers at
work and the harmonized European standards. The stairs for access to each level of the
turbine and the platforms/walkways at each level must comply with the clauses of the
SR EN ISO 14122 Machine Safety series of standards — permanent means of access to
machines. The climbing stairs must have a protective basket and fall protection
equipment/s - anchor points, safety lines or "lifeline” as the utility climbers call them
and, if necessary, a fall arrester [23], [25].

Anchorage points and protective equipment against falling from a height (e.g. a
sliding fall arrester on a flexible support equipped with an energy absorber or a
retractable fall arrester) must guarantee the essential safety and health requirements
applicable under the Regulation (EU) 2016/425 of the European Parliament and the
Council regarding personal protective equipment and applicable standards.
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Also, the wind turbines must be equipped with an emergency descent system
with a friction braking system, which must meet the essential safety and health
requirements mentioned above [26], [28].

Wind turbines must meet the safety and health requirements for workplaces from
Directive 89/654/EEC regarding access, working spaces, ventilation, lighting,
ergonomic principles, vibrations, Wind turbines must meet the safety and health
requirements for workplaces work from Directive 89/654/EEC regarding access,
platforms, workspaces, ventilation, lighting, noise and vibrations and principles,
respectively the provisions of HG no. 1091/2006 regarding minimum safety and health
requirements for the workplace.

Wind turbines must also meet the minimum safety and health requirements
regarding the exposure of workers to the risks generated by physical agents - noise
provided by Directive 2003/10/EC, respectively HG no. 493/12.04.2006 regarding the
minimum safety and health requirements in work related to the exposure of workers to
the risks generated by noise [6, 9].

3. EVALUATION OF WORK ACCIDENTS AND
OCCUPATIONAL DISEASES

The wind energy industry registers many professional risks identified in each
phase of the technological process. From the testing and production of components
necessary for wind turbines to the transportation, installation, and maintenance of the
turbines, the safety and health risks at the workplace can be quantified in each phase.

Improving the reliability of wind turbine manufacturing technology,
transportation, installation, and maintenance directly impacts their safety in use.

Also, improving diagnostic methods through the intelligent use of data can
further reduce breakdowns, so as to limit the severity of defects when they occur, which
actually leads to a reduction in the duration of maintenance/service interventions and
fewer accidents of work, under the conditions of compliance with operational
procedures.

The final goal resulting from improvements in the reliability of wind turbine
manufacturing technology, as well as transportation, installation and maintenance, leads
to operations that become much more efficient and thus reduce the need for workers to
be in a dangerous work environment.

The purpose of the research study was to identify and analyze the professional
risks generated by the components of the wind farm, taking into account the applicable
safety and health requirements, the technical documents that are the basis of their design,
operation and maintenance, respectively the OSH management documents and the
history of the events generated by them in use.

The research methodology carried out in order to identify and analyze the risks
of occupational injury and illness at the wind farm had in mind compliance with:

- the safety and health requirements stipulated by the regulations regarding the
safety of cars, in the category of which wind turbines fall;

- the safety and health requirements provided by the regulations regarding low-
voltage electrical equipment, in the category of which the electrical part of the wind

28



MANAGING THE RISKS OF INJURY AND OCCUPATIONAL DISEASE IN THE
MAINTENANCE ACTIVITY OF WIND FARMS

turbines and the low-voltage electrical equipment in the power station and substations
fall.

- the provisions of the technical regulations for the design and execution of
electrical installations (electrical stations, electrical cable networks, etc.);

- the safety and health requirements stipulated by the regulations regarding the
work equipment.

As regards the operation and maintenance activity, it must be carried out in
safety and health conditions, which ensure compliance with the safety and health
requirements provided by the regulations regarding workplaces, considering the
permanent safe access (stairs, platforms, anchor points, lighting, etc.) to reach the
locations for inspection and maintenance activities and to carry out these activities
safely.

Risk assessment involves identifying all risk factors in the analyzed system and
guantifying their size based on the combination of two parameters: the severity and
frequency of the maximum possible consequence on the human body [15, 16].

The identification of the professional risks generated by the components of the
wind farm was carried out taking into account the applicable safety and health
requirements, the technical documents that are the basis of their design, operation and
maintenance, respectively the OSH management documents and the history of the events
generated by them in use, for which applicable security requirements sheets were drawn
up in the first phase of the studies.

The operation and maintenance activity must be carried out in safety and health
conditions by the safety and health requirements provided by the workplace regulations,
with the specifications from the internal documents of integrated management, and those
from the organizational forms of work, in the case of electricians.

In establishing the security and health requirements, the aging and fluctuating
workforce and, more recently, the integration of workers of other nationalities, especially
those who emigrated from Asian countries, into the maintenance teams of Elolian parks
were taken into account.

Based on the security and health requirements established for wind turbines,
non-conformities were identified with regard to [6, 7].

- The lighting system. Following the visual examination and the technical
documents, it was found that the lighting circuit was provided with a single switch
located on level 1 of the wind turbine. No other switches were identified on the other
levels. Also, the reserve power source with the lighting system ensures 30 minutes of
operation.

- Elevator. It was found that the door could open during boarding/descent. Also,
no stops were identified at any level of the wind turbine.

- The door of the fence of the "elevator gap." The fence door of the "elevator
void." From level x, it was found that it is not equipped with a mechanical lock.

- The anchoring points: It was found that the anchoring points on the upper part
of the turbine/nacelle were mounted at a distance of more than 1 m between them, a fact
that implies difficulties, especially for the small operating personnel (e.g. for workers
originating from Asian countries. Given that at the national level, there is an increase in
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the number of workers from Asian countries in the field of construction but also the field
of electricity and utility climbing);

- Detection and signalling in case of fire. It was found that the wind tower did
not have a fire detection and signalling system.

- The communication system. There was a lack of a communication system with
the operating staff in the control room or between the maintenance staff;

- Access. At level x of the turbine, it was found that the space between the turbine
wall and the elevator is narrow, forcing the staff to pass (crouch) under the electrical
cables.

It was also found that:

- the markings and order labels were in English and other international languages
and not in the user's language;

- the warnings regarding the residual risks of the work equipment were in
English and other languages of international circulation and not in the language of the
user;

- missing emergency number 112 on the information posters regarding providing
first aid.

Nonconformities identified in the station and electrical substations [6, 7]:

- the 33 kV electrical cell access doors in all substations were provided with
mechanical locking devices, but when they are opened, the installation remains under
tension. According to art. 3.3.8 from annexe no. 1 of HG no. 1146/2006, the doors of the
high voltage electrical cells must be provided with an optoacoustic voltage warning
system in the respective cell [10, 13 - 14].

- several protection conductors connected to the single protection terminal in the
low-voltage electrical cabinets (identified H1, F1 and D3);

- protective conductors that were not provided at the ends of the shoes (the area
of the cable trunks in substation three and at the internal services in the power station).

The maintenance and upkeep of wind turbines offer challenges regarding safe
work, especially in winter conditions and/or with strong winds.

The maintenance operators ensure the proper functioning of the work
equipment in the station, substations, and wind turbines and perform specific activities.

25%
Work equipment

43%
Work environment

Work task

Worker in the human-

- machine interface

27%
5%
Fig.2. The weight of the identified risk factors on the four elements of the work system for
maintenance
Figure 2 shows the weight of the risk factors identified on the four work system

elements for the maintenance activity. It was found that the risk factors generated by the
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operator in the interface with the work equipment and risk factors generated by the work
equipment have the highest weight, 68%.

Figure 3 shows the weight of the risk factors in the interface between the
contractor and the work equipment for the activity to be maintained. The contractor has
the largest weight in the interface with the work equipment through the wrong actions
and omissions due in large part to the residual risks of the equipment for work.
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r
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Fig.3. The weight of the risk factors for maintenance

The risk factors generated by work equipment are of a mechanical and thermal
nature, such as burns caused by flames or explosions, of an electrical nature, such as
contact with live parts, and of a chemical and physical nature, such as noise, and lighting.

The mechanical risk factors are mainly generated by falling from a height due to
the specifics of maintenance work at height and the non-conformities identified at the
anchoring points and the lift. These factors have been reduced by the security measures
proposed and generated by the fall of pieces of ice during the winter from the metal
structure of the wind turbine. In the maintenance activity, the chemical risk is generated
by working with solvents, degreasing and greasing substances for the rotor, generator,
and generator motors, and oil samples from transformers. The chemical risk assessment
was carried out using two criteria: the classification of substances from the point of view
of danger and, respectively, the quantitative threshold at which the presence of the
substance can lead to accidents, the weakening/deterioration of the protective quality of
work equipment and protection [17, 18].

The introduction of new digital monitoring production technologies through the
implementation of monitoring, control and data acquisition software systems has led to
a reduction in risk exposure time, to a decrease in the number of wrong actions and
omissions generated by executors. Some of the electrical risks and thermal risks
identified during the execution of the manoeuvres in the electrical installations and/or
the operations of stopping and de-energizing the work equipment on which maintenance
operations are carried out have been eliminated. The implementation of monitoring,
control and data acquisition software systems regarding the operating parameters of
work equipment has reduced the time to identify defects and exposure to unfavourable
work conditions due to the work environment: strong winds and dust, varying
temperatures from low to very high and less, lately, of snowfall, due to climate changes.

The new digital technologies are designed to provide a useful tool for assessing
the technical condition of wind turbines, to overcome the specific problems of
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monitoring, control and data acquisition, and to find a solution that best meets the
technical requirements and customers [19].

The data produced from the application of risk analysis can be used to ensure
safe equipment and methods of protection and strike a balance between technical and
safety needs, dependability, and economic requirements [20].

The research conducted on operational wind turbines has led to the development
of a robust methodology. This methodology is designed to effectively identify, assess,
and monitor occupational risk factors, particularly those associated with work
equipment. It serves as a practical tool for predicting and preventing technical events
and work accidents, with a specific focus on the human-equipment interface.

The INCDPM method, a scientifically rigorous approach to assessing the risks
of occupational injury and illness at work, played a pivotal role in our research. It
allowed us to evaluate the ratio of factors determined by work equipment and other
components of the work system. This evaluation focused on the effects on workload,
work environment, and the executor, who is the primary interface with the work
equipment.

The developed methodology focuses on evaluating the professional risk factors
determined by the work equipment, their effects on the work environment, and the
activity carried out by the operator.

Their implementation's opportunity, aim and necessity resulted from the present
occupational safety and health (OSH) law requirements. [21].

The research carried out highlighted the need to evaluate the conformity in the
use of this category of work equipment, considering the high level of work accidents
recorded in the energy sector, taking into account the new digital technologies used at
the European level, respectively safety devices, safety tools access and control
equipment, which make the work safer, such as the drones used when inspecting a wind
turbine. This solution eliminates the need to climb the wind turbine.

The studies highlighted the need to evaluate the level of noise generated by the
wind turbines to determine the risks for the workers exposed in the activities carried out,
respectively, the population in the areas where these wind farms are located.

Another aspect resulting from the research studies carried out refers to the need
to develop standards of professional training, improvement, and training of workers in
this sector, mainly from the operation and maintenance services, where a large number
of accidents are recorded.

Professional training is an important element in reducing costs and professional
risks in the wind sector to ensure a safe and healthy work environment. It must be
adapted to consider the risks specific to the wind sector and new risks that may appear
determined by the introduction of digital technologies.

5. CONCLUSIONS
Risk assessment, based on the principles established by Directive 2006/42/EC,
Directive 2009/104/EC, and the applicable security standards, is essential to prevent

dangers and guarantee the safety of work equipment in use, considering the new
technological challenges regarding digitization.
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The research resulted in the identification of new approaches regarding the
assessment of occupational risks at the workplace, determined by the introduction of
new digital technologies. It also highlighted the need to comply with and certify the
fulfilment of the safety and health requirements applicable to this category of work
equipment, both from the point of view of the use as well as of the preparation and
training of the serving personnel.

Following the results of the analysis of the causative factors of the production
of electric arcs, the diagnosis of the existing protection measures in use corroborated
with the established technical and security requirements; it was found the need to
develop a specific methodology for the evaluation and control of the risks and dangers
generated by the electric arc in the installations electrical.

The research studies carried out aimed at evaluating and eliminating the risks
that can lead to the occurrence of technological or human events and identified the need
to develop new technical diagnostic tools for work equipment, as well as through new
professional training methods in the wind energy sector that taking into account all
technological operations from manufacturing, construction per wind farm location, use
and maintenance of this category of machines, in the digitization decade.

The tools to be developed will be made available to companies to increase their
market competitiveness and ensure a high level of safety for the people who carry out
these activities in the wind energy sector.
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ASPECTS REGARDING THE USAGE OF THE HIGH
VOLTAGE IMPULSE GENERATOR IN ORDER TO VERIFY
THE INSULATION SYSTEMS OF ELECTRIC MOTORS
USED IN POTENTIALLY EXPLOSIVE ATMOSPHERE

DRAGOS FOTAU! MARCEL RAD? DIANA SALASAN3, VALENTIN
STRBU*

Abstract: The purpose of this paper is to present the importance of the specific tests
for electric motors with type of protection increased safety ,,e” designed to be used in explosive
atmosphere. This paper presents the voltage impulse ignition test applicable to electric motors
with increased safety protection type.

Due to the fact that electric motors with type of protection Increased Safety, whose
supply voltage exceeds 1000 V, presents a high risk of sparks occurring in windings, it is
necessary to perform tests to verify that the insulation of the windings is adequate and does not
lead to electric discharge (through electric springs or sparks) at winding levels. Evaluation of
explosion-proof protected electrical equipment in scope of certification is extremely important
considering the risk of explosion that has to be minimized in order to ensure life safety and
health of workers and to prevent damaging of property and the environment, as well as free
movement of goods when they meet the essential safety requirements at European level.

The standard SR EN 60079-0 (Explosive atmospheres Part 0: General requirements)
and one or more of the standards containing the specific requirements for the type(s) of
protection applied to equipment (ex. SR EN 60079-7 for the type of protection increased safety
"e™), are used to perform the assessment.

Key words: electrical equipment, increased safety, explosive atmosphere.

1. INTRODUCTION

Explosive atmospheres are defined as a mixture with air, under atmospheric
conditions, of flammable substances in the form of flammable gases, mist vapors or
combustible dusts, in which, after ignition, combustion is spread throughout the
unburned mixture. To generate an explosive atmosphere, the flammable substance
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must be present in certain concentrations, between the lower explosive limit (lel) and
upper explosive limit (uel). Explosion limits of the substance may depend on pressure,
oxygen concentration in the air and temperature. The mechanism of an explosion
generated by a mixture of flammable gas, vapor or mist with air can be expressed by
the well-known explosion triangle [8], [10], [12], [14]. Thus, the occurrence of an
explosion is conditioned by the simultaneous presence of the following three factors:

1. fuel (flammable gases, vapours, mists);

2. oxygen (oxygen, oxidizing substances);

3. efficient ignition source for ensuring the activation of molecules in order to
ignite and propagate the fast combustion reaction [4], [9], [11], [13], [15], [17].

Using electric equipment in potentially explosive atmospheres brings forward
several particularities therefore the problems that appear during the design,
construction and operation of electrical devices and installations brings forward
numerous difficulties, their approach requiring special attention considering all the
technical, economical and labor safety aspects. Due to this fact, it is very important that
the equipment is properly tested during the certification process [5], [16], [19], [21].

Even if electric motors for explosive atmospheres are designed and
manufactured following some of the same principles as the ones used for other electric
machinery, they have certain particularities related to their field of use. Thus, a series
of specific restrictions and tests are required to be considered in their case.

The risk of explosion may appear in all the fields of activity in which
flammable substances are involved, such as gases, vapours, dusts, mists, which mixed
with air may result in potentially explosive atmospheres [6], [18], [20], [22], [27].

To prevent the ignition of explosive atmospheres, the electrical equipment
used in such areas must be made with different types of protection so that it can not
ignite the explosive mixture surrounding the electrical equipment [1], [4], [31].

The type of protection means the specific measures applied to electrical
equipment to avoid ignition of a surrounding explosive atmosphere [2], [23], [25], [28].

For each type of protection applied to electrical equipment used in potentially
explosive atmosphere, a wide range of type tests have been developed so that they can
be used safely [2], [32].

In order to verify explosion protection, the representative samples made
available by explosion-protected equipment manufacturers are tested under the most
unfavorable conditions that may occur in operation [4], [6], [33].

Most of the equipment used in technical installations in potentially explosive
atmospheres (refineries, fuel depots, gas stations, dyestuffs, etc.) are electric motors,
which in most situations act on various other elements [4], [24], [26], [30].

2. ELECTRICAL TESTS CARRIED OUT ON ELECTRIC MOTORS
WITH TYPE OF PROTECTION INCREASED SAFETY

Explosion-proof characteristics of electrical equipment, are assessed mainly

according the provisions of harmonized standards from the SR EN 60079 series. The
standards SR EN 60079-0 and one or more of the standards containing the specific

36



ASPECTS REGARDING THE USAGE OF THE HIGH VOLTAGE IMPULSE GENERATOR
IN ORDER TO VERIFY THE INSULATION SYSTEMS OF ELECTRIC MOTORS USED IN
POTENTIALLY EXPLOSIVE ATMOSPHERE

requirements for the type(s) of protection applied to equipment (also from the SR EN
60079 series) are used for performing the assessment [2].

Most of the equipment operating in potentially explosive atmospheres
(chemical compounds, refineries, fuel depots, dyestuffs, etc.) are electric motors, which
in most situations act on various other elements (pumps, vibrating sites, conveyors,
etc.).

The "e" increased safety type of protection implies equipment that does not
produce electric arcs, sparks or excessive temperatures on any of the interior or exterior
parts of the equipment, because of that it is necessary that these phenomena to be
avoided.

Electrical equipment and Ex Components of type of protection increased safety
“e” are either: Level of Protection “eb” (EPL 'Mb' or 'Gb'"); or Level of Protection “ec”
(EPL 'Gc') [3]

Level of Protection “eb” applies to connections, conductors, windings, lamps,
and batteries; but not including semiconductors or electrolytic capacitors [3].

Level of protection “ec” applies to connections, conductors, windings, lamps,
and batteries; including semiconductors or electrolytic capacitors.

Electric motors with type of protection increased safety usually works in zone
1, when the electric motor is stopped, inside the casing explosive mixture may enter.
When starting the motor, overvoltage can be generated, much higher than the nominal
voltage, and if windings are not properly insulated, sparking may occur between
windings.

According to standardized requirements, in addition to the tests specified by
SR EN 60079-0, the electric motors with type of protection increased safety are subject
to additional specific tests (for electric motors) as specified in SR EN 60079-7: [3]

a) Determination of starting current ratio 1A/ IN and the time tE

b) Mounting of machine for test

c) Stator winding insulation system (impulse ignition test for “eb” stator
insulation systems and steady state ignition test for “eb” and “ec” stator insulation
systems)

Because electric motors with increased safety type of protection (eb), whose
supply voltage exceeds 1000 V, pose a high risk of sparks occurring in windings (due
to the choice of an inadequate method of winding insulation), it is necessary to perform
tests to verify that winding insulation is adequate and does not lead to electric
discharge (by electric arcs or sparks) at winding levels [6], [29].

This sparking risk in the winding occurs at weak insulation spots when the
charge in the weak spot becomes too high. This weak spot is excessively stressed
during the operation of the electric motor or during the high-voltage test. This weak
spot cannot resist this increased stress. As a result there is a partial breakdown in this
location. This partial breakdown is referred to as partial discharge. However, the
remaining insulation can still resist the increased voltage stress so that there is not a
complete breakdown [7].

The tests by which these aspects are tested are the impulse ignition test and the
overvoltage-ignition test, applicable to electric motors with type of protection
increased safety [3].
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Insulation systems and connecting cables shall be tested in an explosive test
mixture as presented in Table 1. They shall be subjected to 10 voltage impulses of not
less than three times peak phase to earth voltage and with a voltage rise time between
0,2 ps and 0,5 us and with a time to half value which is at least. No ignition of the
explosive test mixture shall occur [3].

Table 1. Explosion test mixtures

Equipment group Test mixture in air

viv
Inc (21 £ 5) % hydrogen
1B (7,8 £ 1) % ethylene
INA (5,25 + 0,5) % propane

In the National Institute for Research and Development in Mine Safety and
Protection to Explosion — laboratories were performed impulse ignition test for stator
insulation systems on electric motors used in potentially explosive atmosphere. To
carry out these tests were used specific testing equipment like: Oxygen analyser
SERVOMEX 2200, Baker (Megger) Fig. 1, surge tester D12R, PP24 -impulse
generator. The tests were carried out with an explosive mixture whose characteristics
correspond to the requirements (concentration-22% hydrogen, test temperature - 22°C)
[6].

Pre-start purge may be adopted for Ex e, N or n motors at risk of incendive
sparking, and is designed to purge clean air through the motor enclosure to remove any
residual potentially flammable gas. Its purpose is to prevent the risk of explosions due
to rotor sparking during starting; air flow sensors and pre-start timers may monitor this
purge process before allowing the application of the HV electrical supply, or control
may be achieved by procedures. Once the motor is started, no further pre-purge flow is
provided.

A suitable purge connection point should be provided by the manufacturer.
The purge gas supply is provided by the user, from a fixed supply or from portable gas
bottles. (Nitrogen is sometimes used instead of using clean air) [6].

Ignition risks owing to stator sparking may also occur when the motor is
running; this phenomenon has only been acknowledged relatively recently. Note that
pre-start purge does not offer any protection, but suitable special measure might be to
pressurise the motor enclosure continuously in order to prevent the ingress of a
potentially flammable atmosphere; this arrangement should be interlocked with pre-
start and post shut-down timers and pressure/flow measurement, but may not fully
comply with the standard for Ex p apparatus[7].

After performing the test in explosive mixtures, it turned out that the windings
of the motor correspond to the requirements of the type of protection increased safety.
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Fig.3. High voltage pulse generator display

5. CONCLUSIONS
Medium voltage electric motors with increased safety type of protection

present a fairly high risk of explosion, also because of the sparking phenomenon that
can occur in the stator windings (including partial discharges). These phenomena shall

39



DRAGOS FOTAU, MARCEL RAD, DIANA SALASAN, VALENTIN SIRBU

be avoided by the construction of the motor and especially of the insulation system of
the stator winding.

Motors with type of protection increased safety “eb” can work in zone 1, and
when the motor is stopped, inside the housing explosive mixture may enter. When
starting the motor, overvoltage can be generated, much higher than the rated voltage,
and if windings are not properly insulated, sparking may occur. For this reason it is
important that the motors are tested in accordance with the requirements in force.

To prevent the risk of explosions, due to rotor sparking during starting, the
motor can be purge with clean air or with a gas which is not explosive as it is done on
the pressurised electric motors.

Motors with type of protection increased safety “eb” can work in zone 1, and
when the motor is stopped, inside the housing explosive mixture may enter. When
starting the motor, overvoltage can be generated, much higher than the rated voltage,
and if windings are not properly insulated, sparking may occur. For this reason it is
important that the motors are tested in accordance with the requirements in force.

To prevent the risk of explosions due to rotor sparking during starting the
motor can be purge with clean air or with a gas which is not explosive as it is done on
the pressurised electric motors.

In this paper was revealed the importance of the tests carried out on electric
motors used in potentially explosive atmosphere and the aspects that should be
considered when starting the motors. With the high voltage pulse generator we can
perform more accurate tests, in explozive mixtures.

In order to protect people who work in explosive environments, it is important
that equipment operating in such areas to comply with the requirements in force, and
be properly maintained by personnel who know the principles of explosion protection.
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THE MODERN TECHNOLOGY IMPLEMENTATION FOR
SAFE ENERGY TRANSITION

MARIA DANIELA STOCHITOIU?Y, ILIE UTU?

Abstract: The role of electrical energy becomes more important with the progress in
transitioning towards clean energy and thus increases the importance of electric power networks
for society and economy. The need of electrification and of renewable sources is growing. The
risk that can appear is that the transition to clean energy may stagnate if the networks are not
sufficiently updated for connecting the new supplies of electricity on consumer demand. This
paper emphasises the theoretical aspects and the importance of the static power-electronic
devices installed in AC transmission (where static synchronous series compensator SSSC
device is considered as one of the active power control facilities) as an essential features to
avoid technical problems in the power networks, for increasing the transmission capacity and
assuring efficiently the stability of the system.

Key words: active power control, series compensator, voltage compensation.

1. INTRODUCTION

The electric network is the main element of energetic systems, sustaining the
economic activity through supplying necessary electrical energy to domestic,
commercial and industrial customers. As the transition to clean energy advances, the
role of electrical energy is increasing, and the energy systems becomes more
important. With wider use of electrification and of renewable sources, the development
of electric transmission network has a major role in mitigating the risks that may affect
transition to clean energy [1], [2].

The electrical network is characterized by:

- grid infrastructure;

- interruptions costs;

- network congestions;

- output diminution;

- contraction of network development deadlines.

It has been noticed that sometimes the networks become an obstacle in
transition phase to clean energy and there are risks arising if the development and
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improvements of network are not advancing fast enough. A delayed reform of the
electrical network means extending dependence to fossil fuel and determine increase of
gases emissions and , in the long run, increased costs to society.

The electric network is major infrastructure element including a lot of
components with a high-tech degree of complexity. To understand the present state of
network development is not easy due to the difficulties of data availability even with
the infrastructure and the technology currently used in their operation and
management.

The total length of electrical networks infrastructure has been constantly
growing in the last fifty years. The fast growth of use of variable renewable sources
and distributed sources creates new challenges and require a large flexibility for
electric networks. In the emerging markets and developing economies, significant
progress has been made by increasing access to electricity at the same time with the
growing demand. The supply chain for the distribution networks has already presented
constrains, which generate possible risks for the future of network development.

The flexible AC transmission system (FACTS) provides an important role in
the increase of the level of implementation of renewable energy resources, making
possible continuous control of active and reactive power in the network [3].

Static Synchronous Series Compensator represents the scheme of series
compensation which uses a power converter as synchronous voltage source (SVC) to
supply a controllable voltage phased forward in quadrature of current. The SSSC
includes a synchronous voltage source (SVS) connected to power network through a
transformer. This transformer is connected in series with the transmission line, as the
SSSC represents an improvement from compensation based on using series line
capacitors. This is an advantageous because when using SSSC the serial compensation
becomes independent of the line current.

2. IDENTIFY THE DIFFERENCES AS PATH TO THE FUTURE
NETWORKS

In order to be a reliable instrument that enables a safe energetic transition, they
networks must fulfil three conditions: to be low maintenance, to be up to date and to
answer to the future needs of the energetic system.

The growth of electrical energy demand represents one of the three key factors
in driving network expansion in all counties together with the growth of renewable
sources and replacement of the obsolete components of the networks [3], [4]. The
growth in energy demand is also dependent of some factors such as growing number of
people as well as earnings and economy growth. These lead to increasing the use of
electrical energy in traditional applications, for example heating and colling devices,
communications and industrial applications. In addition, new applications of electricity
are evolving rapidly, like for example transportation (electric vehicles), heating
(electric heat pumps) and hydrogen production (electrolyze).

Modernization is further made based on a list of criteria analysis which
includes technical stage, age, importance, perspective of implementation of telecontrol
in conjunction with maintenance work on power transmission networks [5], [1]:
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- interconnection with neighbouring power networks;

- zonal system connections or between main power stations;

- release of power from main power plants;

- supplying important consumption areas.

Regarding the implementation of modern technologies in power transmission
network, a National Project refers to installation a SSSC device in the 220kV axis
Urechesti -Targu Jiu Nord - Paroseni — Baru Mare — Hasdat [6], [5].

£y =
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LEA 400kV
LEA 750kV
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w———  LEA 110kV
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LEA 750kV
o 110kV Interconnection stations
e with neighbour states
¢ | WH0KV/I10kV
¥ proposed transformer station
@ 220kV/110kV
/ propose transformer station

o Black Sea

Buigaria

Fig. 1. The available capacity for transmission network connection and possibility of SSSC
implementation; Source: www.transelectrica.ro

2.1. Static synchronous series compensator

The SSSC device consists a synchronous voltage source in series transmission
line using a transformer between m, n nodes. For supplying the storage capacitor and
for power compensation a power source is necessary in the inverter. Taking into
account that the longitudinal resistance and the transversal admittance are negligible,
the lines reactance is considered (X1, X).

Parameters Prr and Qrer control the amplitude VSSSC of the voltage supplied at
the output of VSC that is necessary for exchange of the reactive and active power with
the power grid. The Prs will be set to zero value if the VSC is used only for exchange
of reactive power [7], [1]. Since VSC is used for series compensation and runs only for
established fundamental frequency, the sub-synchronous resonance is avoided because
the impedance for different frequencies will be practical zero. This feature of the SSSC
sets it apart of series capacitor method whose impedance is depending on frequency
and can generate resonances for various reactive impedances from the power network.
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Fig. 2. Components structure of SSSC
2.2. The operation structure
Up to its designated voltage rating, the SSSC can deliver capacitive or
inductive compensatory voltage independent of line current because of the independent

voltage source characteristic of the VSC. The two operating modes are: voltage
compensation and reactance compensation [7], [3].
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for reducing transmitted power
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Fig. 3. Design of dependence compensation voltage and line current
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Fig. 4. Types of SSSC operating

If there is no difference of quadrature between the phase of injected voltage
(Vmn) and the line current lyine), an exchange of real power between the SSSC and line
will appear. Replacing the DC Capacitor from the input with an energy storage
solution the real power exchange is assured. The above figure explains that SSSC can
operate in all four quadrants to supply active power and to provide reactive power
compensation to the ac system [8].

An ideal synchronous generator which can supply a set of three sinusoidal
voltages at fundamental frequency can be replaced with Voltage Source Converter
(VSC) as a synchronous voltage source. This component can supply or absorb reactive
power when is connected to power network same as a synchronous compensator.

The VSC also can exchange active power with power system when is
connected to a corresponding energy source or to an energy storage battery. The
transmitted power is depending on supplied voltage through controlling the complex
argument of the voltage, the SSSC can exchange even active power or reactive power
with the power network where is connected [3], [7], [9].

The transformer located on the secondary side can be connected in triangle or
star , while the primary windings are connected in series on the transmission lines. The
reference values of Pref and Qref are representing the imposed values of power
controlled by SSSC device.

Using a three phase VSC for SSSC has the advantage that there is a lower number of
semiconductors necessary. There is a disadvantage with respect of the output voltages
and their harmonics if the reference voltages are unbalanced.

The currents through semiconductors devices for triangle connection are
multiplied 1.73 times when the transformer is in star connection but the compensation
voltage through transformer in star connection is divided by 1.73.

three phase VSC three phase VSC

Fig. 5. Triangle and star connection of VVSC transformer

i
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3. COMPARATION BETWEEN SERIES CAPACITORS
COMPENSATION AND SSSC

In comparation with series capacitor, the SSSC device is more efficient respect
to control of power circulation and improved stability [8], [10], [11].
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Fig. 6. Basic compensation using series capacitors

Where: AVc — represents the phasor of the compensation voltage produced
when the current passes the capacitor and the compensation voltage is proportional
with the I line, but the opposite polarity as inductive drop voltage;

X =Xn+Xp2— represents the line inductive reactance;
Xc — represents the capacitor reactance, producing the same
compensation effect as synchronous voltage source;

Series capacitor compensation assures an indirectly reduction of equivalent
line impedance and increases the line transmitted active power [11], [13], [15].

P:M.Sin§ (1)

L Xc
Assuming Va = Vg =V, the above relation becomes:

2

P:V—-sin5 (2)
X, =X

L Cc

The same transmitted power on network line can be established with series
compensation using a voltage synchronous source (the below figure) which supplies
the same voltage with the voltage supplied at the terminals of the series capacitor. Due
to use of the controllable series voltage source at fundamental frequency instead of the
series capacitor, it can be obtained a voltage amplitude proportional with the line
current phased with +m/2 and keep this voltage constant even when the current I is
varying, or can be controlled independent of the current amplitude. Usually, for
capacitor compensation, the voltage is phased behind the current in quadrature, but
through a simple control, the voltage it can be phased forward the current, emulating
an inductive compensation, having the same effect with an increase of line inductive
reactance. [12], [16], [17], [18].
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Fig. 7. Scheme of transmission line compensation using the SSSC series device
The common relation for compensation voltage can be expressed as:
. I
Vs = 4)Vs(p); 3)

Where, y — is a parameter;
Vs(y) — the compensation voltage amplitude injected in series with the line.

4. CONCLUSIONS

The implementation of modern components replacing of obsolete electrical
equipment is driven by the faster technological evolution which ensures the operation
to high level of today’s technology. by replacing the worn-out elements and adding
additional features and benefits of new technologies. The SSSC devices are primary
active power control facilities designed to increase the transmission capacity for
important parts of the power system.

The additional operational features and the flexibility in application that the
SSSC effectively provides, are benefits for equipment balance and power flow
management. A national developing plan proposal exists for installation of SSSC
devices in Romania electrical networks, taking into account the technological issues
that appear in Jiu Valley site, particularly with the rise in utilization of intermittent
renewable energy sources and market expansion with desired integration at European
level.
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HEALTH AND SAFETY RISK ASSESSMENT FOR THREE
REPRESENTATIVE WORKSTATIONS FROM A LOCAL
COMPANY THAT MANUFACTURES ELECTRICAL
LIGHTING EQUIPMENT

FLORIN MURESAN-GRECU!, ROLAND IOSIF MORARU?

Abstract: In the current context of accelerated developments towards a VUCA
(Volatile-Uncertain-Complex and Ambiguous) world, more and more industrial companies are
trying to adjust their management systems and associated procedures from the perspective of an
effective - but always perfectible - risk management for the business, including here the quality,
safety, security, financial risks and more. Attempts to optimize industrial and occupational
safety are based on the basic principle of risk assessment and - from this perspective - this
article presents the procedure applied and the results obtained in a systematic process of
assessing the risks of occupational accidents for workplaces within a local company that
manufactures electrical lighting equipment. The results obtained were the prerequisites for
establishing the measures to minimize the identified and ranked risks, thus substantiating the
prevention and protection plan of the investigated company, in accordance with the provisions
of the national legislation in force.

Key words: electrical equipment manufacturing, accident at work, occupational risk
assessment and management, hazard mitigation.

1. INTRODUCTION

Starting from the legislative, normative and methodological requirements, it
can be stated that the occupational risk assessment is the systematic study of all aspects
of the work process that are likely to generate unwanted events, of the means of
eliminating hazards and applicable prevention and protection measures to control the
associated risks [1], [2], [3]. As established in previous studies, businesses that have
the ability to devote resources to these issues are more likely to report higher levels of
implementation of good OSH practices and to understand that OSH is fundamental to
business success their [4], [5]. As long as one of the first individual instinctive needs is
that of safety, according to Maslow's pyramid model, and the new trend of addressing
the issue of occupational safety and health (OSH) is centered on workers, they are the
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optimal resource for solving these problems [6], [7], [8]. In order to successfully
involve each worker in the management system, as a component part of it, all those
involved must have a level of knowledge and awareness with similar and unified
values, embodied in a safety culture. Understanding, shared and individual acceptance
of the safety culture is the starting point of this study. As these prerogatives are
fulfilled, they naturally contribute to the efficient operation of a work safety
management system. Similarly, management, in general, deals with problems in a
unitary way, in common and not individually, in isolation. Only for the identification
of the cause-effect connection of the management system is necessary in the first stage
the isolation for the individual study of the problem [9], [10], [26], [28], [31], [35].

The proposed approach allows to a certain company to define and implement a
risk control tactic starting from the top management level and being integrated into
usual, routine activities and operations of the company. In every working places and
workstations the manager has the overall mission — imposed by the legal framework -
to protect the life, safety integrity, health and wellbeing of every emplyee against
accidental risks that may appear in the occupational environmentand, providing work
conditions designed to ensure their complete physical, psychological and —nevertheless
- social comfort. A certain company, developing his operations in a concrete
environment that raise potential hazards will also create —simultaneously — a general
context that establishes quite clearly the boundaries within which hazard prevention
and must and should be controlled [11], [12]. The implementation by the top — level
management, within its responsibilities/and considering his liabilities, of
prevention/protection measures/solutions targeting the mitigation of accidental
hazards, information/training/awareness raising of workers and confirming the
organizational framework and means required imposes to perform an effective
occupational hazard/risk evaluation [13]. The above mentioned considerations are
quite a sound basis for stating that the main target of occupational risk assessment is
always prevention of occupational risks, even if this objective is not really and
completely always achievable in day — to — day practice [14]. Always when it is not
indeed feasible to eliminate hazards, risks should be diminished in such a way that the
residual risks are kept bellow a predetermined level [15]. In later stages and under a
rigorous control program, residual risks will be reassessed, considering rationally the
opportunity to further /minimize/eliminate/reduce them, following the latest
developments in scientific and technical knowledge [16], [27], [29], [30], [37], [40].

Any approach of hazard/risk assessment should cover the work injury risks
that are reasonably foreseeable and manageable. All the specific risks resulting from
routine activities are normally considered insignificant, requiring no special attention
unless professional activity implies their significant, fast increasing aggravation and
the occurrence of fast developing worse-case scenarios [17], [18], [19], [20], [32], [39].

The methodology for assessing professional hazards should be defined
according to the scope, and nature to ensure they effective and are used in a systematic
way [21], [22]. Companies do employ various and differently complex risk assessment
tools part of their global strategy to deal with various hazards or activities. The
complexity of the risk assessment method does not depend on the size of the
organization but on the hazards associated with the organization's activities. Figure 1
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shows schematically a simplified, but not simplistic, version of the basic elements of
the stage of assessing the risks of injury and illness at work, together with some
methodological benchmarks of occupational risk management [23], [33], [36], [38].

Identification of
Hazard Sources

Risk Consideration/Estimation/Calculation

* Frequency/Probability Analysis
* Consequence Analysis

- : = 2 : > |
Risk Evaluation I

- Risk Evaluation |

No

Is the risk
tolerable ?

Risk Assessment

e —

We ensure that risk assessment and
controls are effective and up-to-date

Fig.1. General schematic representation of the risks assessment/management process
concerning work injuries and occupational illnesses (adapted after [23])

To be effective, coherent, systematic and sustainable, the risk assessment
process should be not unnecessarily complicated, kept sufficiently practical, and easy
to understand by all the involved stakeholders. The process must be put in practice
only by experts, people with adequate skills, supported by proper technology that is
correctly selected and sized for the particular working task. Risk assessment should
always and in any circumstances be part of a larger, consolidated framework that
resorts to the use of the information gathered to make decisions about risk responses
and monitoring, and returns information back into the owverall strategic planning
process [24], [34], [41].
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In accordance with the provisions of art. 15, para. 1, point 1 of H.G. no.
1425/2006 for the approval of the Methodological Norms for the application of the
provisions of the Occupational Health and Safety Law no. 319/2006, the first of the
prevention and protection activities carried out within the enterprise and/or unit is
represented by "the identification of hazards and the assessment of risks for each
component of the respective work system, work load, means of work/work equipment
and the work environment at jobs/work stations”. To facilitate the fulfillment of
employers' legal obligations in the field of occupational injury and disease risk
assessment, a relatively large number of methods have been designed and are currently
being used. In the first part of the article, a brief description of the analyzed company
and the method developed by I.N.C.D.P.M. Bucharest (purpose, principle, users,
stages, method of application, work procedure and application conditions), as well as
work tools (risk factor identification list, list of consequences, severity and frequency
rating scale, risk level classification grid, etc.). The second part is dedicated to
presenting the concrete way of using the method developed by I.N.C.D.P.M. Bucharest
for the assessment of occupational injury and illness risks at the company that was the
object of the research.

2. MATERIAL AND METHOD
2.1. Overall presentation of the company subject of the research

Electrical Lighting Equipment Manufacturing LLC (general view given in
Figure 2), with its 25 years of experience in the field, has become one of the important
manufacturers of high-brightness LED lighting systems. In addition to the professional
systems it produces and sells all over the world (lighting for potentially explosive
environments, lighting for airports and beaconing), the company has developed a range
of street, ambient and architectural lighting products. With extensive experience in the
design, manufacture and testing of high-intensity LED products, the company offers
high-quality products designed and built specifically with LED requirements in mind,
not just a replacement for other lighting systems with LEDs. Due to the design and
manufacture of these lighting fixtures, customers benefit from technical support at the
highest level, system integration or even lighting fixtures designed and manufactured
according to the customer's requirements.

- f‘- F

Fig.2. General view of the company’s headquarters and manufacturing location
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The company uses the latest technologies for design, production and testing of
products and systems. The high-tech LEDs (the company being certified by
OSRAMT™) together with very good quality materials (polycarbonate, stainless steel,
anodized aluminum, etc.) give the products a special appearance and durability even in
difficult operating conditions.

The total number of employees is 46, and the main activity falls under CAEN
code 2740 Manufacture of electrical lighting equipment. The manufactured products
fall under "Lighting fixtures and systems with high intensity LEDs". They can be
divided into several groups depending on the final destination.

a. High-intensity LED lighting fixtures - here are several fixtures for:

e safety and evacuation lighting;
exterior lighting (architectural);
interior lighting;
street lighting (also in the ATEX version);
lighting with dynamic color control;
commercial lighting;

e industrial lighting.

b. Luminaires for airfields

Used in the aviation field for ground lighting, they represent the last group (in
order of achievement and concern). Within this group we mention:

¢ bodies to signal obstacles, of low intensity (type A and B beacons - in
several variants);

o obstacle lighting fixtures, of medium intensity;

o runway lighting system for small airports, with several lighting
fixtures plus 1.4 A DC power supply system;

e runway access lighting fixture (Figure 3);

¢ naval lighting fixture.

.[(// "Il'
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Fig.3. PAPI — Precision Approach Path Indicator
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The resources owned and valued by the company can be summarized as
follows:
Buildings:
1. Administrative Building (Ground + Floor + Attic)
a) Administration offices
b) Show-room
c) Electronics laboratory
d) Photometry laboratory
e) Changing room 1
f) Sanitary groups (for each level)
f) Annexes
2. Production hall (ground floor + partial E) composed of:
a) Space for production activities
b) Production offices, warehouse management and quality control
¢) Warehouse
d) Locker room 2
3. Dyeing hall
4. Production hall (ground floor + first floor)
5. Storehouse
Quality control equipment:
1. Electronics laboratory — 1 pc
2. Photometry laboratory — 1 pc
Machinery, installations, equipments, devices used in the activity:
1. Universal lathe — 2 pcs
2. Hydraulic press — 1 pc
3. Drilling machine — 3 pcs
4. Equipment for cutting metal material - 3 pcs
5. Cutter—1 pc
6. Welding machine with stored energy - 3 pcs
7. Portable electric welding station — 1 pc
8. Ultrasonic welding machine — 1 pc
9. Compressor — 2 pcs
10. Ecological soldering station (lead-free flux) — 10 pcs
11. Conductor slipper machine — 1 pc
12. Conductor cutting machine — 1 pc
13. Oven - 2 pcs
14. Power source, grates — 6 pcs
15. Metal cutting machine with numerical control (CNC), Figure 4 — 2 pcs
16. Engraving and cutting equipment (Laser), figures 5—1 pc
17. Equipment for cutting metal landmarks (Guillotine) — 1 pc
18. Band-cutting machine — 2 pcs
19. Polishing machine with disc - 1 pc
20. Water jet cutting equipment — 1 pc
21. SMD planting line — 1 pc
22. MIG MAG welding equipment — 1 pc
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23. Painting installation in the field - 2 pcs
24. CNC machining center — 1 pc

25. Foil application line — 1 pc

26. Electric forklift — 1 pc

27. Gas thermal power plants

Fig. 5. Engraving a cutting equipment (Laser)

The distribution of workers by workstations/jobs is summarized in table 1.
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Table 1. List of workplaces for which the risk assessment was carried out

(Nicr)t Job/workstation Number of workers
1 Numerically Controlled (CNC) Metal Cutting Machine 2
) Operator
2. Engraving and cutting equipment operator (Laser) 2
3. Assembler of electronic subassemblies 6
Other categories of staff members 36
TOTAL 46

2.2. Brief description of the I.N.C.D.P.M. Bucharest tool for assessing the
risks of occupational accidents and illnesses

The method includes the following mandatory steps: i) defining the system to
be analyzed (workplace); ii) identification of risk factors in the system; iii) assessment
of occupational injury and illness risks; iv) the ranking of risks and the establishment
of prevention priorities; v) proposing preventive measures.

The work tools used: the stages necessary for the assessment of work safety in
a system, described previously, are carried out using the following work tools:

a. List of identification of risk factors;

b.List of possible consequences of the action of risk factors on the human

body;

c. Rating scale of severity and probability of consequences;

d. The risk assessment grid;

e. The classification scale of the risk levels, respectively of the security levels;

f. Job sheet - centralized document;

g. List of proposed measures.

The stages of application of the method:

a. Setting up the analysis and evaluation team;

b. Description of the system to be analyzed;

c. ldentification of risk factors in the system;

d. Risk assessment and ranking;

The formula for calculating the global risk level is as follows

n
zrl 'Ri
— =l

i=1 (1)
where:
N is the global risk level at the workplace;
ri — rank of risk factor “I”’;
R; — risk level for risk factor “I”;
n — the number of risk factors identified at the workplace.
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In the case of the evaluation of some macrosystems (sector, section,
enterprise), the weighted average of the average safety levels determined for each job
analyzed from the composition of the macrosystem is calculated (similar jobs are
considered as a single job), in order to obtain the global level of work safety for the
workshop/section/sector or the investigated enterprise — Nis:

n
erp -Ng,
NQ =7 n
o
P=t )
where:
I, is the rank of the job "p" (equal in value to the risk level of the job);
n - the number of analyzed jobs;
Nsp - average level of job security for job "p".
e. Establishing preventive measures
The application of the method ends with the drafting of the analysis report.
This is an informal instrument that must contain, clearly and succinctly, the following:
o the manner of carrying out the analysis;
o the persons involved,;
o the results of the assessment, respectively job sheets with risk levels;
e interpretation of the evaluation results;
e prevention measures sheets.

3. ASSESSMENT OF ACCIDENTAL RISKS FOR THE WORKPLACE:
OPERATOR METAL CUTTING MACHINE WITH NUMERICAL CONTROL
(CNC) FROM ELECTRICAL LIGHTING EQUIPMENT MANUFACTURING
LLC

The working process: making unigue pieces and small series for different
industrial fields, made of metal according to drawings, models or prototypes.

The components of the evaluated work system

a.Working equipments: machine with numerical control (CNC); chucks, drills,
reamers, cutters, chamfers, taps for different types of threads; fixed keys, adjustable
keys; hydraulic printing press; clamping vise and clamps for material; measuring
equipment: subler, micrometers, gauges; 3D coordinate measuring machine and 2D
coordinate measuring machine; storage shelves for raw material and finished parts;
platform cart for transporting goods; emulsion (lubricating and cooling fluid);
compressor and compressed air storage cylinder at 8 bar.

b.Working task: preparation of the semi-finished product for the machining
operation by chipping; running the CNC program on the numerical control machine
according to the operating instructions and technical specifications; measuring and
checking the parts using the measuring instruments, according to the requirements and
technical specifications; loading and handling components using lifting and/or transport
equipment in safe conditions; ensures that all products executed in the process meet the
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quality conditions and technical specifications; participate in daily start-of-shift
meetings; periodically checks the condition of the tools, devices and verifiers used,
prepares them for the processing of the next benchmark and performs their cleaning
before storing them in the specially designed space; ensures the change of tools and
inserts; keeps both the CNC machine he operates and the tools, devices and equipment
he uses in good working order; performs and maintains the cleanliness of the CNC
machine, including the periodic removal of chips to ensure its proper operation; ensures
the maintenance of the CNC machine according to the work instructions;

¢. Working environment: natural and artificial lighting; natural and artificial
ventilation; adjustable temperature in the cold season. The premises are heated with
radiant panels; air currents on the work route; electromagnetic radiation near electrical
equipment; natural calamities; pneumoconiogenic dusts - metal and graphite dusts (from
milling, polishing and polishing activities); toxic vapors, toxic gases.

Applying the tools and the procedure specific to the INCDPM Bucharest
method [25], the specific risks factors present in the working system were identified,
the severity and the probability classes related to each of the identified risks were
assigned, and then the partial risk levels were set. The results obtained are centralized
in Table 2. The meaning of the notations in table 3 is as follows: WSE - Work system
element; IR - identified risk; RF — risk factor; MC - Maximum consequence; S -
Severity; Likelihood; RL - Risk level; WE - Working equipment; OE - Occupational
environment; WT - Working task; HF - Human factor; N-negligible; LTI 3-45 — Lost
Time Injury from 3 to 35 days; LTI 45-180 — Lost Time Injury from 45 to 180 days;
INV | — first degree invalidity; INV Il — second degree invalidity; INV Ill — third
degree invalidity; D — death.

Table 2. The evaluation form of the analyzed workplace

Exposed
ELEM LLC workers: 2
Exposure length:
8 hours
Assessors:
Work station: EVALUATION FORM Risk assessor
Operator metal Tehchnical
cutting machine staff/engineer
with numerical Occupational
control physician
Worker/operator
WSE | IR Risk Factors MC S| L E

1. Moving machine parts - crushing - the
human body is caught between two moving | Death | 7| 3|5
pieces of equipment (F1)

Mech. | 2. 2. Machine parts in motion - shearing - when

RF a part of the human body (especially fingers)
is caught between two machine components, INVII | 4|23
one fixed and one moving, the result leads to
amputation (F2)

WE
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3. Moving machine parts - getting clothes or
hair caught in the rotating parts of the Death
machine, this can lead to the person being
pulled into the machine (F3)
4. Machine parts in motion - projecting metal
chips and tools during CNC operation, these INV I
materials can enter the human body. (F4).
5. Unbalance/rolling/falling of heavy metal LTI
parts (F5) 3-45
6. Free fall of incorrectly positioned parts,
tools, materials or during manual handling é‘zls
(F6)
7. Direct contact with dangerous surfaces LTI
(cutting, stinging) (F7) 3-45
Therma 8. Contact_ with h_ot surfaces of meta}l pafts or
| cutters immediately after processing, if LTI
cooling was not adequate during processing 3-45
RF (F9)
Electric | 9. Electrocution by direct contact with Death
al RF uninsulated cables (F9)
10. Working with flammable substances - Death
Chemic transmission oil (F10)
al RF | 11. Working with emulsion - which can cause an LTI
allergic skin reaction (F11) 3-45
. . LTI
Physica 12. Noise from work equipment. (F12) 345
I 13. Natural calamities - earthquakes, storms, Death
RF lightning (F13)
14. Low lighting level, especially when working LTI
in dark areas and during the evening (F14) 3-45
15. Slipping on wet or frozen surfaces, when LTI
OE moving outside the hall (F15) 3-45
16. Pneumoconiogenic dusts in the atmosphere
of the workplace (metallic dusts or
Chemic hazardous fog formed from fine powder
from the processed material or metal Death
al RF .
powder from tools and emulsion vapors
during the operation of the equipment
CNC) (F16)
17. Wrong sequence of CNC power on/off Death
Unadeq operations (F17)
uate 18. Wrong operations, rules, procedures - the
wT | content absence of operations indispensable to Death
work safety (F18)
19. Storing materials on shelves improperly, LTI
exceeding the safety factor given by the shelf 345

manufacturer (F19)
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xzntg; 20. Monotony of work - repetitive operations LTI 2l 3|2
(F20) 3-45
d
— . LTI
21. Improper fixation of workpieces (F21) 3.5 21 3|2
22. Hand grip - improper finger positioning
between the chuck and CNC main shaft or INV
: : e 414]4
improper finger positioning between the gr.11l
Wron workpiece and the hydraulic press (F22)
ong 3 Working without protective devices (LEXAN LTI
actions . 3122
windows) (F23) 3-45
HF - - -
24. Carrying out maintenance operations on
CNC machines without disconnecting the Death | 7]3|5
machine from the power source (F24)
25. Falling to the same level by slipping, LTI 333
tripping, unbalancing (F25) 3-45
Onmissi 26. Wearing inadequate personal protective
equipment or not wearing protective Death [ 7]1]3
ons X
equipment (F26)
The overall risk level of the job is:
N _XErR, 3-(5%X5)43-(4x4)+10-(3x3) + 10-(2x2)
e ¥® 3X5+3X4+10x3 + 10 X2
22 2,89
77 7 (3)

The ranking of the identified risks is summarized in the histogram
shown in fig. 6, and the proposed measures for the prevention of risks and the
protection of exposed workers, in table 3.

F1 F16 F24

F7 FOF1F1F1F13

F1¥F202]

S o

Partia
(=1

o

Fig.6. Partial risk levels by risk factors: ,,Operator metal cutting machine with numerical
control (CNC)”
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Table. 3. The list of proposed measures: ,, Operator metal cutting machine with numerical

control (CNC)”
Crt. Risk factor identified, Risk | Prevention/protection measures
no. assessed and ranked level

Organizational measures:

o daily visual inspection of the
car enclosure to check that all
panels are in place.

o visually inspect the enclosure
and safety glass for any signs of

F1: Moving machine parts - warping, cracking or other
1 crushing - the human body is 5 damage.
' caught between two moving o prohibiting the start or
pieces of equipment continuation of work if the
absence, damage or incorrect
placement of protective devices
is found.

o training workers and checking
how safety rules are respected.

o testing the door safety lock:

F16: Pneumoconiogenic dusts Technical measures:
in the atmosphere of the * purchase of a fog evacuation
workplace (metal dusts or system
hazardous fog formed from fine Organizational measures:

2. powder from the processed 5 o training on the need to use
material or metal powder from protective glasses or a
tools and emulsion vapors breathing mask
during the operation of CNC o periodic ventilation of the
equipment) production hall every 2 hours.
F24: Carrying out maintenance Organizational measures:

3 operations on CNC machines 5 e - training workers regarding the

' without disconnecting the Lock out procedure - tag out;

machine from the power source

Organizational measures:

e training workers on the

. . . importance of not coming
F3: _Movmg machmg parts - . close with any part of the body
getting clothes or hair caught in - hi
4, the rotating parts of the 4 to moving mac '?]e
machine can lead to the person components or when
. . . movements may occur.
being pulled into the machine. .

e ensure casual clothing and
make sure all staff have their
hair tied up.

Organizational measures:

F18: Wrong operations, rules, o training workers regarding the
5 procedures - the absence of 4 consequences of non-
' operations indispensable to compliance with safety
work safety restrictions - non-use or
incomplete use of protective
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equipment, etc.

o verification by permanent
control, from the head of the
formation, and/or by survey,
from the hierarchically superior

bosses.
F22: Hand grip - improper
finger positioning between the Organizational measures:
6 chuck and CNC main shaft or 4 e training workers on hand
' improper finger positioning positioning;
between the workpiece and the o installation of warning icons

hydraulic press

Interpretation of assessment results

The global risk level calculated for the job "Operator metal cutting machine
with numerical control (CNC)" is equal to 2.89, a value that places it in the category of
jobs with a low to medium level of risk, not exceeding the maximum acceptable limit
(3.5).

The result is supported by the "Assessment Sheet", from which it can be seen
that out of the total of 26 risk factors identified, only 6 exceed, as a partial level of risk,
the value of 3.5 falling into the category of high risk factors, and 3 falling into -are in
the category of medium risk factors. To reduce or eliminate the 6 risk factors (which
are in the unacceptable range), the generic measures presented in the "Proposed
measures sheet™ are necessary.

Human factor
23.08%

-/

Fig.7. The share of risk factors identified by the elements of the work system ,,Operator metal
cutting machine with numerical control (CNC)”

Regarding the distribution of risk factors by generating sources, the situation is
as follows (fig.7):

o 41.31%, factors specific to the means of production/work equipment;

o 15.38%, factors specific to the work environment;

e 19.23%, factors specific to the workload:;

e 23.08%, human factor related risks.

From the analysis of the Evaluation Form, it is found that 13 (50%) of the
identified risk factors can have irreversible consequences on the performer (death or
disability).

64



FLORIN MURESAN-GRECU, ROLAND IOSIF MORARU

4. CONCLUSIONS

This study aimed at assessing the risks and developing the prevention and
protection plan for Electrical Lighting Equipment Manufacturing LLC, in accordance
with the provisions of art. 7, para. 4, lit. b, art. 12, para. 1, lit. and art. 13 of Law no.
319/2006 and art. 15, para. 1, points 1 and 2 of H.G. no. 1425/2006. The results of the
risk assessment are presented in the "Job Evaluation Sheet" and the "Proposed
Measures Sheet" related to each analyzed workplace. The list of jobs evaluated and the
primary results obtained is presented in table 4.

Table 4. Risk assessment overall results

Nr. File Workplace/job Overall risk
crt no. level for
each job
1 FO1 Operator metal cutting machine with 2.89
numerical control (CNC)
2 F02 Assembler of electronic subassemblies 3.20
3 FO3 Engraving and cutting equipment 2.94
operator (Laser)

The overall risk level for the three jobs is:
I N
Ng:{ = M =208
Zisih (4)

The ranking of places, depending on the global level of risk, is shown in table 5.

Table 5. Hierarchy of risks on the workstations where the evaluation was carried out

Nr. File Workplace/job Ranked
crt no. overall risk
level for
each job
1 F02 Assembler of electronic subassemblies 3.20
2 FO3 Engraving and cutting equipment 2.94
operator (Laser)
3 Fo1 Operator "metal cutting machine with 2.89
numerical control (CNC)”

According to the ranking, it is found that all workplaces have a global risk
level below the allowed limit (3.5) they fall into the category of those with a low to
medium risk level. The value of the aggregate global risk level per company NgS =
2.98, determines its inclusion in the category of those with a low to medium risk level.
As a rule, the action of a risk factor is eliminated / diminished by several measures, one
of which is mandatory of an organizational nature (OSH training). In the same way, a
measure can act on several risk factors. Depending on the result, the measures can be:

e organizational measures for the worker and the work load;

o technical measures for the means of production and the work environment.
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The development of the prevention and protection plan requires ensuring a
significant consultation on the part of the employees. The specialized literature in the
field of OSH emphasizes the need to use as a management tool the active involvement
of all employees in the adoption of decisions that directly concern them. Prevention
and protection measures primarily impact workers. Therefore, a realistic plan of
measures is based on the widest possible consultation of the employees of the
respective organization. The selection of measures will be made not only depending on
the level of risks they will eliminate or reduce, but also on the cost-benefit ratio.

The proposed measures (technical, organizational, hygienic-sanitary, others)
together with the deadline and the responsible person make up the mitigation-
elimination systems. These measures will be taken for each identified factor. Even if
all the proposed preventive measures are taken, there are risk factors that cannot be
eliminated, called residual risk factors in the specialized literature. These risk factors
can be kept under control through organizational measures. Statistics show that most
accidents are related to non-observance of OSH instructions. As a result, there will be
an emphasis on the professional training of workers for the formation of the security
culture at the workplace and the awareness of professional risks, if they do not respect
the work procedures.
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THE IMPACT OF MEDITATION IN A VIDEO GAME
BASED ON BCI
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Abstract: This study explores the impact of meditation-induced non-task related states
on brain activity in a motor imagery paradigm for brain-computer interfaces (BCI). Using a
wearable EEG device, the research analyzes theta (0) and alpha (o) wave patterns during
relaxation and meditation states. Three healthy subjects participated on an EEG recording
session using the Emotiv Insight neural headset, maintaining a defocused eye gaze while
viewing a static image of a BCI-controlled pool game. In this paper we developed an algorithm
to preprocess EEG data that focus on frequency-specific signal extraction and peak-to peak
amplitude computing for all channels in interest frequencies domain. The analysis aims to
reveal distinct theta and alpha wave activity patterns across brain regions for each subject.

Key words: BCI, EEG, peek-to-peak, relaxation, MATLAB.

1. INTRODUCTION

The main worldwide problem that generates more than 23 million deaths per
year is represented by mental stress. This is a health epidemic caused by cognitive
disorders of the hippocampal region of the brain that affects memory and learning [1].
A possible solution to solve this major problem it represents by the practice of
meditation, which is known to reduce the experience of anxiety, while improving both
the level of consciousness and attention. Embracing this behavior can touch on key
factors involving to driving the brain-computer interface, known as BCI, using the
power of concentration as input to induce different states of consciousness [2], [16].
So, we investigate the effects of meditation induced by a non-task related state as part
of motor imagery paradigm [3]. In this way, the user must maintain a totally mental
state of relaxation based on the focus of not managing a task, freeing his mind, and
keeping the eye gaze defocused, [17], [18], [20], [23], [25], [29].
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2. THE STUDY OF THE PROBLEM

Both relaxation and meditation state can be captured from brain signals using a
wearable electroencephalogram (EEG) equipment with minimal contact with the
subject's scalp area. As the specialized literature presents, the electrical signals of the
brain have an amplitude related to the order of microvolts and a classification within
frequency bands. Among these of interest are Theta waves (6) predominant in
meditation activities and Alpha waves (o) that dominate the resting and relaxing
conditions [4], [19], [21], [24], [27], [31].

The 6 waves are characterized by frequencies between: 4-8 Hz and amplitudes
between: 100-150 pV. Some studies associate them with the installation of the state of
relaxation, but also with the processes of working memory load [5], [6], [7]. The
waveform of 6 rhythm and brain areas localization are presented in Fig.1.

a)

T

Fig.1. Theta rhythm waveform [5]

Theta rhythm appear on the frontal midline of the brain as presented in Fig.1 a)
triggered by positive emotion evoked. The EEG signal from this brain region can be
captured using a channel montage that is placed on proximal of the upper of forehead
in left and right brain hemisphere on prefrontal cortex location [5], [8], [9], [22], [26].

The temporal and parietal lobes, presented in Fig.1 b), c), are linked to
encoding and retrieval process in which theta rhythm present a higher activation and
also an indicator of stress, anxiety and emotions regulation modulated by amygdala
and hippocampus through temporo-parietal area [10], [11], [12], [28], [33], 35].

The a waves are characterized by frequencies between: 8-13 Hz and
amplitudes between: 20-100 pV [5]. This rhythm presents a localization and a
waveform as presented in Fig. 2.
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Fig.2. Alpha rhythm waveform [5]

Alpha rhythm occurs both on occipital lobe, as presented in Fig. 2 a), and on
somatosensory cortex as part of parietal lobe, as presented in Fig. 2 b). The presence
on occipital lobe is related to induce the mental relaxation process. Alpha rhythm
prominence is higher on all brain regions, except the frontal lobe at rest condition [4],
[5], [13], [301, [32], [36].

3. EXPERIMENT METHODOLOGY

For experiment study three healthy subject was chosen to participate to a brain
EEG signal recording session. Each subject was trained to maintain a defocused eye
gaze during the session and their brain activity was measured with same EEG device
represented by Emotiv Insight neural headset with five EEG semidry electrodes. Each
EEG session was record with Emotiv Xavier TestBench software in laboratory
condition without external noise presence. This BCI solution was chosen for its
capability to measure and visualize 3D brain activity using EEG electrodes placed
according to the 10-20 International Standardized system, complemented by software
for real-time analysis and offline data export [14], [34].

During one unique trial, each subject maintains a non-task related state based
on how he was trained, during which he does not have to speak. Brain signal recording
is performed based on a static image of each subject in a BCl-controlled pool game
previously developed by us in Unity3D called ”Mental Pool Game” [15]. The BCI
interface of this video game is presented in Fig. 3.

Fig.3. Mental Pool Game GUI [14]
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The electrical potential activity of each subject's brain is recorded for a 9
second interval, once the BCI instructor presses the neutral state recording start button
presented in Fig.3 a). During this interval the subject follows the established scenario,
being presented a static image of the game interface, as presented in Fig.3 b), to induce
a state of relaxation through meditation. Successful training of this state is signaled by
a pop-up window, as presented in Fig.3 c).

4. EEG DATA RECORDED ANALYSIS

To study each recorded EEG session, we developed a three-step algorithm that
prepare the data to be analyzed in-depth related the alpha and theta brainwave
contributions for the specified time interval, which is to be integrated by code written
in MATLAB programming language, as presented in Fig. 4.

HY] b)
Data preparation Signal
and extraction processing
c}+

[ Plotting results ]

Fig.4. EEG data analyzation algorithm

The first step, presented in Fig.4. a), aim to load EEG data from CSV file
exported by Emotiv software, obtained by extracting the specific EEG channels data
for the 9 second interval, at a 128 Hz sampling rate, related to the data collection rate
provided by the Emotiv Insight neural headset. Also, we implement instructions to
eliminate the mean from each channel to eliminate DC offset, to center the signals
around zero with the scope to enhance the signal-to-noise ratio for accurate frequency
analysis.

The second step, presented in Fig.4 b), it focusses on frequency-specific signal
extraction using a fourth-order Butterworth bandpass filter in order to isolate theta and
alpha waves from the preprocessed EEG data. The filtfilt() MATLAB function as
implemented to allow the zero-phase digital filtering to be applied so that the temporal
properties of these frequency bands are preserved. A detailed time vector is created so
that the time aligns with the extracted signals for further analysis and to prepare the
results visualization.

The Third step, presented in Fig. 4 c), implement a way of visualization and
interpretation of the analyzed EEG data by showing the results in terms of different
plots. This represents the original plot of EEG data composed by raw EEG signals for
the interest extracting time interval, as shown below, representative for subject S1,
depicting the variation of amplitude with time for all channels, which helps in
identifying general trends and potential artifacts, as presented in Fig. 5.
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Next, the theta band activity is plotted with fixed spacing between the
channels, which enables a clear representation of the filtered low-frequency brain
activity associated with relaxation and cognitive states. The resulted plot for subject S1
is presented in Fig. 6.
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Fig.6. S1 Theta waves activity

Alpha band activity similarly shows mid-frequency oscillations linked to states
of calmness and attentiveness as depicted from S1 resulted plot, presented in Fig. 7.
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Fig.7. S1 alpha waves activity

Next, for each channel we calculate the maximum (max) and minimum (min)
values for the filtered EEG data, separately for theta waves, then for alpha waves to
compute the peak-to-peak amplitudes for all channels, based on the relation:

Peak to Peak Amplitude=max(signal)-min(signal) (D)

where:

signal - refers to electroencephalogram (EEG) data gathered for each of the
frequency bands (theta and alpha) across all channels.

Next, based on the result obtained by calculus, we generate a comparative bar
plot, to display each peak-to-peak amplitudes of theta and alpha waves across all
channels, in order to understand the relative strengths of these frequency bands, as
shown for subject S1 plot in Fig.8.
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Fig.8. S1 Peak-to-peak amplitudes
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Applying the same algorithm was obtained the comparative bar plot of peak-
to-peak amplitudes of theta and alpha waves across all channels for the subject S2 EEG
dataset, as presented in Fig. 9.
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Fig.9. S2 Peak-to-peak amplitudes

Similar was obtained the peak-to-peak amplitudes plot for subject S3 dataset,
as presented in Fig. 10.
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5. COMPARATIVE RESULTS

The comparative analysis of theta and alpha wave patterns from each subject's
dataset reveals some key findings:

e The frontal midline theta activity is most prominent on S1 and S2 dataset,
indicating potentially stronger emotional processing and working memory
engagement;

e The right temporal dominance across all subjects suggests consistent
asymmetry in temporal lobe processing;

e The parietal activity shows lower than expected theta amplitudes, which might
indicate reduced relaxation state during the open-eyes condition;

e The S2 dataset present high alpha activity in the frontal region, which differs
from typical patterns where alpha should be less prominent in frontal areas.

6. CONCLUSIONS

The experimental setup using the Emotiv Insight neural headset succeeded in
recording recognizable theta and alpha wave patterns. The defocused gaze protocol
successfully elicited quantifiable alterations in markers associated with relaxation as
well as cognitive processing. The defocused gaze protocol effectively induced
measurable changes in both relaxation and cognitive processing markers.

The findings support the potential use of minimal-contact EEG devices for
monitoring relaxation states. The clear differentiation between subjects suggests
possible applications in personalized neurofeedback protocols.

Further study needs to be implemented to validate the result, as
implementation of analysis of Signal-to-Noise Ratio (SNR), comparison across EEG
channels, application of ICA decomposition to identify the neural sources and
complete separate the artifactual component.
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ARC FLASH DETECTION ON PHOTOVOLTAIC SYSTEMS
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Abstract: Photovoltaic (PV) systems are increasingly being used. Because of ageing
and the trend toward higher DC voltage levels, incidents of DC arc faults in PV systems are
becoming more common, which seriously impacts system stability and human safety. Parallel
arcs draw a higher current than series arc faults, so detecting the latter is more challenging. The
undetected arc faults pose a severe fire hazard to residential, commercial, and utility-scale PV
systems. Such a dangerous event must be detected early to deliver electricity safely and reliably.
This paper comprehensively reviews the state-of-the-art techniques for DC arc fault detection in
photovoltaic systems (PV). Different methods and the features used for detection are discussed
and compared in detail. This paper also emphasizes the importance of DC arc fault simulation for
characteristics study and fault diagnosis purposes. Several DC arc fault models have been
reviewed and compared.

Key words: risk, evaluation, safety, solar panel.

1. INTRODUCTION

With the advancement of technology and increasing realization of pollution in
the environment, clean, renewable sources such as solar energy are gradually replacing
traditional fossil fuels. Solar power installation is increasing throughout the world.
Residential rooftop solar panels and grid-connected photovoltaic (PV) generation will
support the main utility networks and microgrids. The increasing amount of PV systems
and the trend toward increasing DC voltage levels can create DC arc faults. Because of
the deterioration of cables, connectors, conductors, and other system components caused
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by long-time weathering and ageing effects, without adequate and proper maintenance,
the possibility of DC arc occurrence is expected to increase sharply[1,4].. It should also
be stressed that, unlike AC arcing, the absence of current zero-crossing makes DC arcs
more sustainable [21], [23], [26], [29], [31].

An example of a PV system and different types of arc faults are shown in Fig.1.
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Fig.1. An example of PV systems and arc fault types

DC arcing occurs across small gaps in connections. Bad joints decrease the
cross-section's contact area, effectively increasing the resistance and, thus, the heat loss.
The higher operating temperature accelerates the deterioration process of the connecting
point, which leads to a loose connection [5]. Subsequently, the point of discontinuity
forms a tiny gap that the current could keep flowing. When the electric field between
two electrodes exceeds about (in normal conditions), air starts to ionize and plasma is
developed, which will finally form a series arc [37]. Due to the extra impedance
contributed by the arc, the fault current (lower than the standard operating current level)
will not be sufficient tomelt the fuse or activate the overcurrent protection devices [6],
[7], [38]. Specifically, the series arc fault will not draw an inverse current like a parallel
arc fault [8], and the average load current contributes to the total fault current. With the
increased impedance injected by arc fault, the current level will go down and thus cannot
reach the level to melt the fuse [9], [22], [24], [28], [32].

Furthermore, the current level will return to normal because the inverter operates
for maximum Power Point Tracking (MPPT). At the same time, the arcing fault still
exists, presenting more challenges to DC arcing fault detection. As a result, the heat
energy generated by the arc over a long duration could damage system components
severely, seriously threatening system stability and human safety [10], [25], [27], [30].

2. ELECTRIC SHOCK AND ARC FLASH HAZARDS

There is a real danger of electric shock to anyone entering any of the electrical
cabinets, such as combiner boxes, disconnect switches, inverters, or transformers, or
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otherwise coming in contact with voltages over 50 Volts. Another electrical hazard is an
arc flash, an energy explosion that can occur in a short circuit situation. This explosive
release of energy causes a flash of heat and a shockwave, both of which can cause severe
injury or death. Properly trained and equipped technicians and electricians know how to
install, test, and repair PV systems safely. However, there is always some risk of injury
when hazardous voltages and/or currents are present. Untrained individuals should not
attempt to inspect, test, or repair any aspect of a PV system due to the potential for injury
or death due to electric shock and arc flash [33], [35], [36].

The possibility of fires resulting from or intensified by PV systems may trigger
concern among the general public and firefighters. However, concern over solar fire
hazards should be limited because only a tiny portion of materials in the panels are
flammable, and those components cannot self-support a significant fire. Flammable
components of PV panels include the thin layers of polymer encapsulates surrounding
the PV cells, polymer backsheets (framed panels only), plastic junction boxes on the rear
of the panel, and insulation on wiring. The rest of the panel comprises non-flammable
components, notably including one or two layers of protective glass that comprise over
three-quarters of the panel’s weight [34].

The heat from a small flame is inadequate to ignite a PV panel, but the heat from
a more intense fire or energy from an electrical fault can ignite a PV panel [11].
Improving understanding of the PV-specific risks, safer system designs, and updated
fire-related codes and standards will continue to reduce the fire risk caused by PV
systems.

3. CHARACTERISTIS OF DC ARC

Understanding and studying the characteristics of an electric arc is very
important. DC arc exhibits nonlinear features, and their characteristics vary with arc
length, electrode material, electrode geometry, and current level [12]. The quasi-static
arcing V-l characteristic with a fixed arc length is shown in Fig. 2. It can be seen that in
the lower current region, the smaller the current, the larger the voltage, where the power
of the arc (Pyc = Vrelare) tends to remain the same; while in the higher current region,
with the increasing current, the voltage remains approximately unchanged. The red line
identifies Those two regions,vwhich is the so-called current transition point line. Stokes
and Oppenlander carried out the most exhaustive experiment that covered a wide range
of current levels and arc lengths with series electrodes. The transition current is then
defined by (1).

Furthermore, based on the huge data set, the V-I characteristic in the “constant
voltage” region is defined in (2) [13].

Iyre = 104 0.2L 1)

P, = (20 + 0534L)1312 2
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where L is arc length in mm. It should be noted that the arc gap width is not equal to
actual arc length, and the additional impedance injected into the circuit is contributed by
arc length.

The current level in the PV string is not high, whereas it is much higher in the
combiner box and the DC side of the inverter (the current level at the DC side of the
inverter could go up to several thousand amps in large PV utilities).

are

Fig.2. Arcing voltage and current characteristic

Figure 2 shows the quasi-static V —I characteristic for a “fixed” length arc. In
the low-current region (identified by the dotted line), the arc voltage drops as the arc
current increases; as a result, the arc power (P =V 1) tends to remain relatively constant
in this region. For “larger” currents, the arc voltage increases slightly with increasing arc
current. (A transition current, which defines the boundaries between the low- and high-
current regions, is presented later). With wall-stabilized arcs, the arc plasma is only
partially ionized in the low-current region, whereas the plasma becomes fully ionized
above some threshold current [14]. A similar transition in the level of ionization is
observed for free burning arcs.

4. DC ARC FLASH HAZARD CALCULATIONS

At the present time, methods for calculating the DC arc flash hazard are not
directly addressed in any standard. IEEE 1584 2018 IEEE Guide for Arc Flash Hazard
Calculations [15] only addresses the ac arc flash hazards.

Other few important technical papers were published that began to change the
understanding of dc arc flash [16 - 19]. These papers provide a theoretical approach to
DC incident energy calculations.

Calculating the incident energy for a dc arc flash begins with application of
Ohm’s law:

U
I'=— ®)
Where:
I = Current in amperes

U = Voltage in volts
R = Resistance in ohms
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By including the dc arc resistance as part of the dc circuit model illustrated in
Figure 3, the arcing current can easily be determined. This circuit diagram is of a battery
string and includes the DC voltage, DC battery resistance, conductor resistance and dc
arc resistance. As part of the overall process, the DC arc resistance must also be
calculated since it is usually not known.

Once all of the resistance values have been determined, the dc arcing current, |
dc arc can be calculated by [12]:

Rare = [(20 + 0.534 x L)] /1355, 4)
Where:

R arc = resistance of the arc in ohms

L = conductor gap distance in millimeters

lac arc = dc arcing current

In order to calculate the arc resistance using this equation, the conductor gap
distance L and the dc arcing current must be known. The gap distance is specified by the
user however, in order to determine the dc arcing current, the arc resistance must already
be known. To solve this problem, an iterative solution is used. This requires making an
initial assumption of the dc arcing current. A the initial assumption is that the dc arcing
short circuit current is 50% of the dc bolted short circuit current.

Once this initial assumption is made, the dc arc resistance can be calculated
which is then used to re calculate the dc arcing current. The “new” dc arcing current can
then used to re calculate the dc arc resistance. This process continues until the dc
resistance and dc arcing current values no longer continues until the dc resistance and dc
arcing current values no longer change significantly and converge to a final
answer.change significantly and converge to a final answer.

Figure 3 illustrates the circuit that is used as an example for calculating the dc
arc resistance and the dc arcing current. The calculation process begins by determining
the dc bolted short circuit current first. This requires taking the dc voltage ( Vg ) and
dividing by the known impedances of the conductor and battery string.

0.001940)

0onse| (R, .

91154 25 mm

245V Vo

' Fig.3. DC Arc Flash Example
First iteration is for the bolted dc short circuit current using the values from

Figure 3. For the bolted case, R arc and the conductor gap distance are ignored and only
the resistance of the battery string and conductor are used.
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Idc bolted = UDC/(Rbattery + Rconductor)

Lic poited = 245/(0.0115 + 0.00194) = 182294

Ire = 0.5 % 182294 = 91154

To calculate Rae, equation 4 is used. For the first itteration, Rac= 0.01051
For the next itteration, equation 5 becomes:

Idc arc = UDC/(Rbattery + Rconductor + Rarc)

Table 1 shows the results for ten itterations.

Table 1. Results of ldcarc and Rarc

Iteration ldcarc (A) Rarc (€2)

1 9115 0,010927667
2 10054 0,010023651
3 10442 0,00969567
4 10590 0,009576304
5 10645 0,009532811
6 10665 0,009516958
7 10672 0,009511178
8 10675 0,00950907
9 10676 0,009508302
10 10676 0,009508022

Figure 4 ilustrates the final re

sults.

0.0115Q |:j| L

245V V.

10676A G’ 0.009508 Q

Fig.4. Final resuts of the iteration

(®)
(6)
()

(8)

Once the dc arcing current and dc arc resistance have been determined, the

power in the arc can be calculated by:
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Parc = I(%c arc X Rarc 9)
P, =1.084 KW (10)
Where:
P arc = power in the arc in watts
loc arc = dC arcing circuit current in amperes
Rarc = dc arc resistance in ohms
The energy in the arc is a function of power and time. Therefore the energy in
the arc can be calculated by:
Earc = Pare X tare (11)

Where:
E ac = arc energy in watt x seconds or Joules
t arc = arc duration in seconds

The duration of the arc flash will either be dependent on the clearing time of an
upstream protective device operating or the reaction time of a person jumping away from
the hazard. IEEE 1584 presently suggests that a maximum time of 2 seconds may be
used based on the reaction time and assuming there are reasonable conditions for a
person to escape. Thus, for arc duration of 0.3 s, the arc energy is 325 kJ.

4.1. DC Incident Energy Calculations in open air

Similar to the IEEE 1584 calculation methods, consideration must be given to
whether the dc arc flash occurs in open air or in an enclosure/box. If the dc arc flash
occurs in open air, the energy will radiate spherically in all directions and the person
would be exposed to a smaller portion of the energy. If the event occurs in an enclosure,
the incident energy exposure will be greater since it is focused out of the box opening.

According to [12], the incident energy for an arc flash in open air at a specific
distance can be calculated based on the following equation:

Eiqir = E(zrc/(4'7r X dz) (12)

Where d is distance from the arc in mm

Using the dc arcing short circuit current and arc resistance that was previously
calculated, the incident energy can be calculated. This requires knowing the working
distance from the prospective arcing location to the worker as well as knowing the
duration of the arc flash. For this calculation, a maximum arc duration of 0.3 seconds
was used. This value would normally be defined by the characteristic of an upstream
protective device. A working distance of 18 inches (457 mm) was used which is a
“typical” value obtained from IEEE 1584 [19]. In case of open air, the incident energy
is 0.1238 J/mm? or 2.96 cal/cm?.

4.2. DC arc flash in an enclosure / box

If the dc arc flash occurs in an equipment enclosure, the energy will be directed
out of the open end of the box. For this calculation, the DC arc models defined in [20]
are used.

According to this paper, the equation for determining the incident energy from
a dc arc flash being focused out of an enclosure is:
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Eipox = k X Earc/(a2 + dz) (13)
Where:
Einox = incident energy from an arc flash in a box at distance d in J/mm?
Earc = arc energy in Joules
d = distance from the arc source in mm
a and k are obtained from optimal values defined in [20].

For a panel board, a =100 and k = 0.127.

Using values that were previously calculated for l4 arc and Rar , the incident
energy will now be calculated based on the arc flash occurring in a box/enclosure. The
enclosure is assumed to be a panelboard and the same working distance and arc duration
from the earlier example are used.

In case of a panel board, the incident energy is 0.189 J/mm? or 4.50 cal/cm?.

5. CONCLUSION

The models presented in this paper have been based on tests conducted over time
by researchers in different countries and under very different protocols. The V —I
characteristic is inversely proportional and nonlinear at low current levels. At high
arcing-current levels, the analysis in this paper has shown that the arc-resistance voltage
drop approaches a constant value. A method has been presented to estimate the incident
energy levels possible during an arcing fault to quantify the risks associated with high-
current DC systems. Results from a case study demonstrated that the risks associated
with high current dc systems may be significant.

Arcing behaviour is highly variable, and the existing DC arc models cannot
accurately and reliably assess all the characteristics of DC arcs. Additional arc testing is
needed to develop more accurate V —I characteristics and better DC-arc resistance
models. Extensive testing in a controlled environment is needed to study the incident
energy levels associated with DC arcing faults. A hazard risk assessment is needed to
identify where dc arcing faults might be initiated in industrial power systems. The
relative severity of the arc flash hazard posed by different types of DC power equipment
must be identified.
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APPLICATION OF ALTERA PROGRAMMED LOGIC
INTEGRATED CIRCUIT IN EFFICIENT ASYNCHRONOUS
DRIVE SYSTEM

VALERY BORODAY?, OLGA NESTEROVA?, VLADYSLAV NAIDA?

Abstract: The work is a logical continuation of the development of an energy-efficient
asynchronous drive [11], which is based on previous theoretical studies. A practical
implementation based on the ALTERA programmable logic circuit (PLC) is proposed, which
will contribute to the spread of energy-saving and energy-saving technologies under the
condition of a deep change in the load of mechanisms of long-term operation and minimal costs
for control equipment.

Key words: asynchronous drive, system of energy-efficient application, adjustable AC
drive, ALTERA programmable logic integrated circuits.

1. INTRODUCTION

It is known that most electromechanical installations of mechanisms of long-
term operation operate at full voltage of the power supply network without the use of
regulation devices. This is accompanied by significant energy consumption, especially
in unloaded modes, which may occur due to chaotic load changes. Today's conditions
are such that they do not allow significant consumption of electricity due to its
significant cost [1].

The best way to save energy is to use industrial frequency converters. Analysis
of the cost of such equipment, especially of the world's leading manufacturers, shows
its significant value, which is not always acceptable for average consumers.

The purpose of the paper is to find simple and reliable methods and to propose
hardware and software solutions for the power regulation system of asynchronous
drives of mechanisms of long-term operation, which will ensure greater efficiency in
the use of electricity with a significant reduction in capital costs for regulatory
equipment.
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2. LITERATURE REVIEW

The authors of the source [2] prove that the maximum energy efficiency of
asynchronous drives of S1 operating mode mechanisms can be achieved due to a
comprehensive approach in solving the set goal. Therefore, it makes sense to analyse
the entire range of component of electromechanical systems of this type.

High-efficiency motors [3], despite their obvious energy advantages, are also
endowed with disadvantages: significant costs in technological units; the method of
frugality takes place only with a small variable load and an average moment of
resistance close to the nominal one; the efficiency of the electric drive system is typical
with a properly adjusted power channel.

Energy saving in network lines and power transformers involves the absence of
the circulation of reactive currents that arise as a result of powering electric motors.
Currently, the best compensation result is provided by the presence of RC local
circuits, which additionally improve the switching modes of the control keys [4-6]. The
disadvantage of systems of this type is a significant initial cost.

The use of converters with different topologies of the power part or power
correctors gives a good effect of energy efficiency. At the same time, systems of this
type have a significant level of capital investment [7], [8].

An evaluation of the efficiency of the frequency converter and the softstarter
[9] found that their joint operation with pumping units provides a ratio of indicators of
12 to 3. It should be noted that the cost of the frequency converter exceeds the price of
the parametric converter by about two times.

A system [10] that provides the desired steady-state energy efficiency can be a
full-fledged substitute for the frequency converter. Its advantage is simplicity and
affordable cost while simultaneously maintaining high values of power coefficients
and useful system performance.

Control systems [1], [11] are a complete device for correcting the consumed
power depending on the amount of load. They have desirable properties in terms of
cost and technical characteristics, but the proposed system is implemented in a design
form and is not adapted to conventional circuit technology. Thus, the task of the
publication is to show the practical possibility of implementing the idea [1], [11] on the
basis of modern FPGA schemes.

3. THE MAIN PART

The idea underlying the work is presented in the source [11]. Its essence is in
the organization of the power supply of the electric machine according to the principle
- at each moment of time, the amount of power that does not exceed the amount
necessary to overcome the current load is supplied to the motor. At the same time, the
proposed system provides two main modes: nominal, for a load close to the nominal,
and efficient, for a load less than 60% of the nominal. In addition, transitional modes
(start-up and transitions from mode to mode) are carried out from the intensity selector,
which helps to avoid dynamic overloads, both in the mechanical and electrical parts of
the electric drive. The effective mode uses the method of simultaneous reduction of
voltage and frequency to the level of 0.5 nominal and at the same time maintains the
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sinusoidal form of the voltage, which is an important factor in the operation of the
converter for an active-inductive load.

Let's consider the scheme of practical implementation of the regulation system,
which is built based on the ALTERA PLC of the EMR 7032 LS-44-6 series (Fig. 1).
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Fig. 1. Scheme of the control machine
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It includes a three-phase power supply marked with the letters ABC;
asynchronous motor 1 with circuits of local reactive power compensation; voltage
conversion link 2; power amplifiers 3; PLC 4, push-button post with forced shutdown
system 5, synchronization unit of effective mode with optical solutions 6; continuous
load control system 7; the voltage level matching system and the intensity setter 8 and
the signal amplifier for the task of changing the spacing 9. The operation of the
efficient power supply systemis ensured by an algorithm that performs the soft start
function every time the start button is turned on. Control of the degree of load is
carried out by continuous measurement of the phase current and its comparison with
the value of the limit-determined level, after which the nominal mode is automatically
switched to the effective mode and vice versa. Such transitions are limited to the
corresponding time intervals, which reduces the dynamics of the system. At the same
time, in the mode, the effective frequency is regulated by passing every second period
of the mains voltage, and the voltage level is regulated by the PWM method. Stopping
the system - pressing the stop button.

A feature of the design of the ALTERA FPGA of the EMR 7032 LS-44-6
series is the need to configure it according to a previously developed electronic circuit
project, which is built on the basis of separate logical elements. The FPGA
configuration program is shown in Fig. 2. It includes three independent fragments of
schemes. Their development and research was carried out on the basis of the electronic
laboratory Multisim. This approach was adopted in order to clearly and reliably make
sure ofperformance of the designed circuit, and the final check of the FPGA project is
performed in the MAX+I11 software shell.

The fragment of Fig. 2, a) provides for the formation of pulses of permission to
skip every second period of the mains voltage depending on the synchronization signal
of Fig. 1, module 6 of the "effective" mode. In addition, this system is the performing
element of switching between "nominal-effective” modes.

The auxiliary elements of the circuit in Fig. 2, b) are components of the
generator of controlled splicing, which is designed to regulate the voltage level at start-
up and change modes depending on the continuous control of the current sensor of the
motor load.

The general control system of Fig. 2, ¢) communicates the operator through the
button post of Fig. 1, module 5 with the modules that were described above.
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Fig. 2. ALTERA FPGA configuration program of the EMR 7032 LS-44-6 series
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The effective drive control system was tested on models in the Multisim
environment, Fig. 3. Its ability to obtain a positive effect is confirmed by time
diagrams and control of power consumption for different load levels. With a deep load
change, the consumption of active power can be saved up to 40%, and reactive power
can be saved up to 51%.

The scientific novelty of the work consists in proving the fundamental
possibility of practical implementation of the declared control principle by means of
PLSs, which will ensure rational energy consumption under the condition of the
minimum cost of the control equipment.

4. CONCLUSIONS

The proposed schematic implementation of the automaton of efficient energy
consumption will allow to significantly reduce losses, both for industrialists, housing,
and communal services, and for any ordinary citizen, which is especially relevant
during martial law.
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BLOCKCHAIN TECHNOLOGIES IN ANIMATRONICS FOR
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Abstract: This paper presents a comprehensive literature review on the integration of
animatronics for children, Al systems applicable to animatronics, and blockchain in 10T for
animatronics. It begins with an overview of the historical context and evolution of animatronics
in children's entertainment and education, highlighting key milestones and safety considerations.
The review explores various Al systems used in animatronics, including machine learning,
computer vision, natural language processing, and behavioral Al, discussing their implementation
and associated challenges.

The study further investigates the role of blockchain technology in animatronics,
focusing on critical aspects such as data security, supply chain management, and operational
transparency. Blockchain ensures secure data transmission between animatronics and control
systems, enhances the traceability and verification of components and materials used in
animatronics, and maintains transparent and immutable records of maintenance logs and
operational data.

The paper provides a comprehensive analysis of the integrated role of Al and blockchain
in advancing animatronic technologies, aiming to offer valuable insights for designers,
developers, and educators involved in the field of animatronics.

Key words: animatronics, Al systems, blockchain, internet of things (1oT), children's
entertainment, educational technology, machine learning, data security.

1. INTRODUCTION AND STATE OF THE ART

The integration of advanced technologies such as Artificial Intelligence (Al) and
blockchain with animatronics is revolutionizing children's entertainment and education.
Animatronics, which combines the precision of electronics with the creativity of
animation, has long fascinated young audiences with lifelike, interactive characters. This
literature review explores the cutting-edge convergence of Al and blockchain
technologies with animatronics, offering new dimensions of interactivity, security, and
educational potential.
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Al enhances animatronics by enabling more sophisticated behaviors and
interactions. Through machine learning, computer vision, and natural language
processing, animatronic characters can now recognize faces, understand speech, and
respond to gestures in real-time.

This makes them not only more engaging as toys but also powerful tools
for personalized learning and therapeutic applications. For instance, educational
robots equipped with Al can adapt to a child's learning pace and style, making
complex subjects more accessible and enjoyable.

Blockchain technology, on the other hand, offers robust solutions for data
security and operational transparency in animatronics. By utilizing decentralized,
immutable ledgers, blockchain can ensure the secure transmission of data between
animatronic devices and control systems. This is crucial in safeguarding the privacy of
children interacting with these devices and maintaining the integrity of the data
collected. Moreover, blockchain can enhance supply chain management for animatronic
components, ensuring the authenticity and quality of materials used.

This review will delve into the historical context of animatronics, highlighting
key technological advancements and their applications in children's entertainment and
education. It will examine the roles of Al and blockchain in enhancing the functionality,
safety, and educational value of animatronic devices. By synthesizing current research
and case studies, we aim to provide a comprehensive understanding of how these
technologies can be integrated to create innovative, secure, and effective animatronic
solutions for children. The potential of integrating Al and blockchain in animatronics is
vast, promising to transform how children engage with educational content and
entertainment. This literature review aims to map out the current landscape, identify the
benefits and challenges, and explore future directions for research and development in
this exciting interdisciplinary field.

2. ANIMATRONIX FOR CHILDREN

Historical Context

The evolution of animatronics in children's entertainment can be traced back to
early theme park attractions and mechanical toys. One of the pioneering uses of
animatronics in entertainment was Walt Disney's Enchanted Tiki Room, which debuted
in 1963. This attraction featured lifelike birds, flowers, and tikis that could sing and talk,
marking a significant advancement in the field of animatronics. “The Audio-
Animatronics technology that powers the show was introduced to the world when Walt
Disney’s Enchanted Tiki Room debuted in 1963 at Disneyland Park. This
groundbreaking technology allowed animators to synchronize movement, audio and
visual effects, paving the way for other classic attractions like “it’s a small world”,
Pirates of the Caribbean and Haunted Mansion.” [1]

Key milestones in the development of animatronic technology include the
integration of computer controls and more sophisticated sensors. These advancements
have allowed for greater precision and interactivity, which have been particularly
influential in the development of animatronic toys and educational tools. For example,
the Furby toy, introduced by Tiger Electronics in 1998, was a groundbreaking product
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that combined animatronics and artificial intelligence to create an interactive play
experience. “Equipped with rudimentary sensors, it could respond to touch, sound, and
even light” [2], making the toys seem almost lifelike. They could communicate using a
language called "Furbish" when first activated, which gradually evolved into English as
they interacted with their owners. This ability to learn and adapt language made them
unique among toys of the time. The Furby used a combination of motors, cams, and
gears to create movements such as blinking eyes, moving mouths, and wiggling ears,
adding to the perception of lifelike behavior. “In the case of Furbies, the child’s
caretaking responsibility is centered on teaching. Like Tamagotchis,

Furbies are presented as visitors from another planet. This explains why they
only speak Furbish when they are first brought to life: it is the mother language of their
planet. In the course of play, Furbies “learn” to speak English. In fact, this learning
reflects the unfolding of a program that evolves Furby language to a set of simple English
phrases. For most children 5-9, the illusion works: children believe that they are teaching
their Furby by interacting with it. As in the case of Tamagotchis, Furbies demand
attention; children understand that a lack of attention will have a negative impact on the
toy’s inner “state.” ”.[3]

Design and Features

Characteristics and Features of Animatronics Designed Specifically for
Children

Animatronics designed for children often prioritizes safety, durability, and
interactivity. Key characteristics include soft and rounded edges to prevent injuries,
materials that are safe and non-toxic, and robust construction to withstand rough
handling. This animatronics are also typically designed to be highly engaging, with
features such as responsive facial expressions, voice recognition, and interactive
storytelling capabilities. “The animatronic figures must identify the guests and recognize
their status in dynamic interactions for enhanced acceptance and effectiveness as socially
interactive agents, in the general framework of human-robot interactions.” [4] Safety
considerations and regulatory standards are crucial in the design of animatronics for
children. Manufacturers must adhere to stringent guidelines to ensure that these products
are safe for use. This includes compliance with regulations such as the ASTM F963
standard, which specifies safety requirements for toys, and the European EN71 standard,
which covers various safety aspects of toys.

Examples of Popular Animatronic Characters and Their Impact

Popular animatronic characters such as those found in theme parks or produced
as standalone toys have had a significant impact on children's entertainment. Characters
like the animatronic dinosaurs in the Jurassic Park theme parks have captivated children's
imaginations, blending education with entertainment.” “The Jurassic Park River
Adventure.” Advertisements promise that visitors to this “world of T-Rex” can “pet a
living, breathing dinosaur.” [5] Additionally, animatronic characters like the interactive
Elmo dolls from the Sesame Street franchise have become beloved figures, providing
both comfort and educational value to children. These dolls, particularly the "Tickle Me
Elmo" series, blend simple animatronic elements with interactive features to engage and
educate young children.
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Educational and Therapeutic Uses

Use of Animatronics in Educational Settings

In educational settings, animatronics are used to create engaging and interactive

learning experiences. Museums and science centers often employ animatronic displays
to teach children about history, biology, and technology in an immersive and memorable
way. For example, animatronic dinosaurs in natural history museums help to bring
prehistoric eras to life, providing children with a tangible connection to the past.
In classrooms, animatronic tools like programmable robots are used to teach coding and
robotics, fostering STEM skills from a young age.” Children are natural inventors and
digital savvies, and are easily inspired by creative content. Research has highlighted how
extra-curricular robotics programs can foster these natural skills through robotic
challenges that integrate computational thinking (CT) and science, technology,
engineering, and mathematics (STEM)”’[6] These educational animatronics can make
complex concepts more accessible and enjoyable for children, thereby enhancing their
learning experience.

Therapeutic Applications of Animatronics for Children with Special Needs
Animatronics also have therapeutic applications for children with special needs.
Therapeutic robots, as the “artificial pets such as the baby seal Paro”[7] robot, which
resembles a baby seal, have been used to provide comfort and emotional support to
children with autism and other developmental disorders. These robots can respond to
touch and sound, providing a sense of companionship and helping to reduce anxiety.
“Resources for children with autism and their families are usually rare and costly.
Therefore, a robot that could help them to learn and acquire new developmental skills
while having fun would be appreciated by teachers and parents as well as enriching for
the children.”[7]. Moreover, animatronics can be used in therapy sessions to improve
social skills and communication. Interactive animatronic devices can encourage children
to engage in social interactions and practice speech, providing a controlled and
supportive environment for therapeutic progress. “a robot companion tailored towards
becoming a social mediator, empowering children with disabilities to discover the range
of play styles from solitary to social and cooperative play.”[8].

3. Al SYSTEMS APPLICABLE TO ANIMATRONICS

Types of Al Systems

Machine Learning and Computer Vision

Machine learning and computer vision (CV) are pivotal in advancing
animatronics “CV should enable the system to recognize different worldly objects, like
pencil, notebook, bottle, etc., and memorize human faces exhibiting memory better than
any other human.”[9], particularly in gesture recognition, facial recognition, and
movement coordination. Gesture recognition enables animatronic characters to interpret
and respond to human body movements, enhancing interactive experiences. For
instance, systems utilizing convolutional neural networks (CNNSs) can accurately
identify and track gestures in real time. “CNNs are also useful for combining multi-
modal data inputs, a technique which has proved useful for gesture recognition in
challenging lighting conditions” [10]. Facial recognition technology allows animatronics
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to identify and respond to individual users, personalizing interactions. This technology
employs deep learning algorithms to analyze facial features and expressions, thereby
enabling characters to mirror human emotions. Movement coordination, facilitated by
machine learning, ensures that animatronics can perform complex motions smoothly and
realistically. Techniques such as reinforcement learning are used to optimize these
movements, ensuring they are both natural and synchronized with the environment.

Natural Language Processing (NLP)

Natural Language Processing (NLP) plays a crucial role in enabling
animatronics to engage in interactive dialogues and perform speech recognition. NLP
allows animatronic characters to understand and generate human language, making
conversations with users more natural and meaningful. This involves sophisticated
algorithms for language modeling and understanding context, enabling characters to
provide relevant responses. “NLP researchers aim to gather knowledge on how human
beings understand and use language so that appropriate tools and technigques can be
developed to make computer systems understand and manipulate natural languages to
perform the desired tasks.”[11] Speech recognition, a subset of NLP, allows
animatronics to comprehend spoken language, facilitating seamless communication with
users. Advanced speech recognition systems, powered by deep learning, can accurately
transcribe speech into text, even in noisy environments. This capability is crucial for
interactive toys and educational robots that rely on voice commands.

Behavioral Al

Behavioral Al is essential for developing personality traits and adaptive
behaviors in animatronics. This type of Al involves creating algorithms that allow
animatronics to exhibit distinct personalities and adapt their behavior based on
interactions. For example, through the use of reinforcement learning and neural
networks, animatronics can learn from user interactions and modify their responses to
appear more lifelike and engaging. Behavioral Al enables animatronics to develop
complex emotional responses and social behaviors, making them more relatable and
appealing to users. This technology is particularly important in therapeutic and
educational applications, where animatronics must engage users effectively and
empathetically. “there is a growing necessity for developing behavioral models for social
robots to have a high-quality interaction and level of acceptability in providing useful
and efficient services[12].

Implementation and Challenges

Technical Challenges in Integrating Al with Animatronic Hardware

Integrating Al with animatronic hardware presents several technical challenges.
One significant challenge is ensuring real-time processing and response, which requires
powerful computing resources and efficient algorithms. Additionally, synchronizing Al-
driven software with the mechanical components of animatronics demands precise
control systems and robust communication protocols. Another challenge is managing
power consumption, as Al algorithms and complex movements can be energy-intensive.
This necessitates innovative solutions in power management and battery technology to
ensure that animatronics can operate for extended periods without frequent recharging.
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Case Studies of Al-Powered Animatronics in Commercial and Experimental
Projects

Al-powered animatronics have been implemented in various commercial and
experimental projects, showcasing their potential and versatility. One notable example
is Disney's A1000 series animatronics, which use advanced Al to perform intricate
gestures and facial expressions, creating highly realistic characters for theme park
attractions. In the experimental realm, MIT's Media Lab has developed animatronic
robots like Kismet “often considered the first so ciable robot”[13], which uses Al to
interact with humans through expressive facial features and vocalizations. Kismet's Al
system allows it to perceive and respond to social cues, demonstrating the potential for
Al to enhance human-robot interactions.

Ethical Considerations and Public Perception

The integration of Al into animatronics raises several ethical considerations and
affects public perception. Privacy concerns are paramount, particularly with
animatronics that use facial recognition and data collection. Ensuring that user data is
securely stored and managed is critical to maintaining public trust.

Moreover, the ethical implications of creating lifelike animatronics that can
influence human behavior and emotions must be carefully considered. There is a risk of
dependency, especially in therapeutic contexts, where users might form emotional
attachments to animatronic characters. Public perception of Al-powered animatronics
can vary, with some viewing them as innovative and beneficial, while others may express
concerns about privacy and the potential for misuse. “most common visions of the
impact of Al elicit significant anxiety. Only two of the eight narratives elicited more
excitement than concern (Al making life easier, and extending life).”[14].

4. BLOCKCHAIN IN 10T FOR ANIMATRONICS

Overview of Blockchain Technology

Basic Principles of Blockchain and Its Functionalities

Blockchain technology is a decentralized digital ledger that securely records
transactions across a network of computers. This ledger is immutable, meaning once a
transaction is recorded, it cannot be altered. The fundamental principles of blockchain
include decentralization, transparency, immutability, and enhanced security. Each block
in the chain contains a cryptographic hash of the previous block, a timestamp, and
transaction data, ensuring that data is tamper-proof and verifiable. “This chain grows as
new blocks are appended to it continuously.”[15]

Relevance of Blockchain to 10T

Blockchain technology is highly relevant to IoT due to its ability to provide a
secure framework for data exchange between interconnected devices. 10T ecosystems
involve a multitude of devices communicating with each other, often transmitting
sensitive data. Blockchain ensures that these interactions are secure and trustworthy by
recording them in an immutable ledger, thereby preventing unauthorized access and
tampering. “Blockchains give us resilient, truly distributed peer-to-peer systems and the
ability to interact with peers in a trustless, auditable manner. Smart contracts allow us to

102



ALINA STEPANEK, FABIAN ARUN PANAITE

automate complex multi-step processes. The devices inthe 10T ecosystem are the points
of contact with the physical world. When all of them are combined we get to automate
time-consuming workflows in new and unique ways, achieving cryptographic
verifiability, as well as significant cost and time savings in the process.”’[16].

Applications in Animatronics

Data Security and Privacy

Blockchain technology can be used to ensure secure data transmission between
animatronics and control systems. By encrypting data and distributing it across a
decentralized network, blockchain minimizes the risk of data breaches and unauthorized
access. This is crucial for animatronics, which rely on real-time data to function
correctly. An example of an application of blockchain with IoT is the framework
described in the article “Original Research Article An efficient framework for secure
data transmission using blockchain in IoT environment”[17] for secure data
transmission. “This paper presents a framework for secure data transmission using
blockchain (SDTUB) for blockchain-based 10T systems, with a focus on enhancing data
security”’[17]. This framework leverages blockchain technology to enhance data security
in loT-enabled smart systems. By using blockchain, the system ensures that data
transmitted between 10T devices is protected against unauthorized access and security
breaches. The framework employs authentication and access control techniques, using
digital certificates and both regional and central blockchains, to verify the authenticity
of 10T devices and manage their authorization. Additionally, the proposed mechanism
addresses scalability and efficiency, ensuring that even lightweight 10T devices can
securely transmit data with low energy consumption. The integration of this framework
with existing network infrastructure maintains a secure and immutable record of all
transactions and configurations, ultimately improving the performance and security of
10T systems.

Supply Chain Management

In animatronics, blockchain can track and verify the components and materials
used. Each step in the supply chain can be recorded on the blockchain, providing a
transparent and immutable record of the origin, authenticity, and journey of each
component. This reduces the risk of counterfeit parts and ensures that all materials meet
the required standards. An example of blockchain application in supply chain
management involves tracking the provenance of goods described in “Toward an
ontology-driven blockchain design for supply-chain provenance”[18]. In a complex
supply chain, goods are often produced and transported across multiple organizations
and countries, making it challenging to trace the origin and authenticity of items. By
integrating 10T with blockchain technology, each step in the supply chain can be
recorded in a secure and immutable ledger. "Internet-aware sensors capture finely
granular real-time data about product and environment characteristics as well as location
and timestamps throughout the supply chain. So lack of a digital footprint may no longer
be an issue. Furthermore, distributed, shared databases using Blockchain technologies
promise to offer highly secure and immutable access to supply chain data"[18]

Operational Transparency
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Blockchain can maintain immutable logs of the operational and maintenance
data of animatronics. This includes performance metrics, maintenance schedules, and
repair histories. By having a transparent and tamper-proof record, stakeholders can
ensure that animatronic systems are operating optimally and address any issues
promptly. The paper "Blockchain and The Value of Operational Transparency"[19]
explores how blockchain technology enhances verifiability of inventory transactions,
which is crucial for signaling a firm's operational capabilities to lenders. It presents a
new theory that signaling through verifiable inventory transactions is more efficient and
less costly than through loan requests, leading to less operational distortion. The authors
introduce b_verify, an open-source blockchain system demonstrating practical
implementation in supply chains to maintain transparent and tamper-proof records. The
paper emphasizes that blockchain adoption increases operational transparency, making
it harder for low-quality firms to imitate high-quality ones, thereby securing favorable
financing terms at lower signaling costs. This technology is particularly beneficial in
environments with prevalent trust and fraud issues, where traditional monitoring
mechanisms are either too costly or ineffective.

"Our paper identifies an important benefit of blockchain adoption—by opening
a window of transparency into a firm’s operations, blockchain technology furnishes the
ability to secure favorable financing terms at lower signaling costs"[19].

Potential Benefits and Limitations

The integration of blockchain in animatronics will have several benefits,
including enhanced security, improved transparency, and more efficient supply chain
management. However, challenges remain, such as the high computational resources
required and the complexity of integrating blockchain with existing systems.

5. CONCLUSIONS

The journey through this literature review has been illuminating, revealing the
profound impact that Al and blockchain technologies can have on animatronics for
children's entertainment and education. The fusion of these advanced technologies not
only enhances the capabilities of animatronic devices but also opens up new avenues for
learning, engagement, and security. One of the most exciting insights from this review
is how Al transforms animatronics into interactive and adaptive companions for
children. The ability of Al to recognize faces, understand speech, and respond to gestures
creates a level of engagement that traditional toys simply cannot match. Personally, | am
fascinated by how these intelligent systems can tailor educational experiences to each
child’s unique learning style, making complex subjects more accessible and fun. Imagine
a world where learning is seamlessly integrated into play, where children are not just
entertained but also educated in ways that adapt to their needs.

Blockchain’s role in enhancing data security and transparency is another crucial
aspect. In an age where data privacy is paramount, blockchain offers a solution that
ensures children’s interactions with animatronics are safe and secure. The immutability
and decentralized nature of blockchain not only protect sensitive information but also
provide transparency in the supply chain, ensuring that every component used in
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animatronics is authentic and safe. This level of security is reassuring, knowing that
children can interact with these advanced devices without compromising their privacy.

Of course, integrating these technologies is not without its challenges. The
technical hurdles of real-time processing, power management, and system
synchronization are significant. Yet, these challenges also present opportunities for
innovation. Overcoming these obstacles will require creative solutions and
interdisciplinary collaboration. Moreover, the ethical implications, particularly
concerning data privacy and emotional dependency, cannot be overlooked. It's essential
to navigate these issues thoughtfully to ensure that the benefits of these technologies are
realized without unintended negative consequences.

Reflecting on the ethical dimensions, it becomes clear that we must approach
the development of Al and blockchain-integrated animatronics with caution and
responsibility. Public perception will play a crucial role in the acceptance of these
technologies. Transparency in how data is managed and addressing ethical concerns
head-on will be vital in building trust. Personally, | believe that with careful
consideration and proactive measures, we can mitigate these risks and create a positive
impact.

Looking to the future, the potential for Al and blockchain in animatronics is vast
and exciting. Continued research and development will be key to overcoming current
limitations and pushing the boundaries of what is possible. Collaboration between
technologists, educators, and policymakers will be essential to ensure that these
innovations are used responsibly and effectively.
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ATEX THERMISTOR MOTOR PROTECTION RELAYS IN
ON BOARD ELECTRICAL INSTALLATIONS
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Abstract: Protecting electric motors in ATEX areas is very important to prevent the
risk of explosion and ensure the safety of personnel and equipment in the area. To ensure
adequate protection, a number of safety factors must be considered, including the design and
construction of electric motors, electrical connections, and the qualification and training of
personnel who install and maintain them. In this context, the protection of the electric motors
within these on board installations is necessary, even mandatory, as the ships have potentially
explosive areas. Most protection relays protect electrical motors against overheating in the
windings and overloads or inadequate cooling and the basic size is determined by the intensity
of the electric current. The disadvantage of these relays is that they do not detect the real
temperature of the motor windings. Along with the evolution of electronics, ATEX certified
protection relays have also developed significantly. This paper aims to present the technical
solution of the protection of electric motors in HVAC installations on board ships with
explosive potential. At the end of the paper a CAD application is presented to simulate the
operation of the ATEX thermistor motor protection relay.

Key words: ATEX, CAD, PTC thermistor relay, overload, short-circuits.

1. INTRODUCTION

A multitude of electric motors, of different sizes and types, are found on board
ships. No ship, whether commercial or military, is without HVAC installations. In this
context, the protection of electric motors within these installations is necessary, even
mandatory, as ships have potentially explosive areas [1], [3], [12], [14], [17], [20].

Protecting electric motors in ATEX areas is extremely important to prevent the
risk of explosion and ensure the safety of personnel and equipment in the area. [5], [9],
[25]. To ensure adequate protection, a number of safety factors must be taken into
account, including the design and construction of the electric motors, the electrical
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2 Ph.D., Associate Prof. Eng., University of Petrosani, floringabriel82@yahoo.com
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connections and the qualification and training of the personnel who install and
maintain them [2], [8], [11], [13], [15], [16], [19].

2. PTC-THERMISTOR RELAY TYPE U-EK230E FOR ATEX
ELECTRIC MOTOR PROTECTION

The relay protects electrical equipment against excessive warming and thermal
overload. If this is used in combination with adequate temperature sensors (e.g.
thermistors) tripping temperatures from 60 °C up to 180 °C can be realized [7]. The
relay is conform to EN 60947-8 and temperature sensors (thermistors) according to
DIN VDE V 0898-1-401 (ATEX) or equivalent detail specification (UKEX) shall be
connected. The temperature sensors are suitable for mounting into windings of electric
motors or power transformers, bearings and heatsinks as well as to monitor the
temperature of liquid media, airflow and gases. With ATEX approval, equipment in
explosive gas atmospheres Zone 1 and 2 (marking G: gas) or in areas with combustible
dust Zone 21 and 22 (marking D: dust) can be protected.

All protection functions of this thermistor relay serve to protect non-explosive-
protected equipment and explosive-protected equipment in regular operation and in
case of failure [4], [6], [10], [18], [21], [24].

Figure 1 shows the circuit diagram for the single-phase or three-phase
connection [11].

Us
AC 220V - 240V

Us Supply voltage S1 Off switch

TP PTC thermistor 52 Push butten on 1) external interlock,
(manual reset) see chapter 15.11

F1-F4 Fuses S3 Remote reset Manual reset

H1 Indicator lamp fault K1 Contactor

Fig.1. Single phase and three phase circuit diagram

The principal features of relay are:

* 1 thermistor circuit for 1 (not allowed for explosive atmospheres), 3 or 6 PTC
thermistors “TP” connected in series.

» Short-circuit detection within the thermistor circuit.
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* Output relay with 1 change-over contact (co).

* Operating status display

The principle of the relay operation is simple. A current monitors continuously
the resistance of the thermistor circuit. In cold state, the resistance is < 250 Q per
thermistor (thermistor circuit < 1.5 kQ). The relay is switched on his contacts 11, 14
are closed. The resistance of the thermistors rises rapidly at sensor operating
temperature TNF. The relay switches off at a resistance of 3...4 kQ and his contacts
11, 12 close. The relay also switches off in the case of detector or line short-circuit (<
approx. 20 Q) or detector or line interruption. The relay remains switched off until the
build in or an external reset button is pressed. Power-on is recognized as reset action.
With bridged terminals Y1, Y2, the reclosing lock function is disabled [22], [23], [26].

Function diagram of the relay is presented in fig.2. The device switches on
automatically in case of a supply voltage dip

LED ALARM I | [ I l
Y1 _.Y2 (Reset) 1 [

Fig.2. Basic function diagram

Figure 3 shows the connection mode with a bridge at the reset input relay
(Y1/Y?2) the reclosing lock is out of operation. In this case the relay switches back
automatically, when the temperature of the thermistor circuit has fallen below the
switchback value.

A1/A2 _| I_! l_ll

LEDON _J |
LED ALARM 1

Fig.3 Inputs (Y1 and Y2) bridge connection mode
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The relay must be installed outside ATEX area (gas area Zone 0, 1 and 2)
unless the device is protected by a suitable ignition protection type (pressurized
enclosures or flameproof enclosures).

3. CAD SIMULATION

The CAD simulation created in Matlab, using App Designer, aims to present a
simplified simulation of the principle operation of the U-EK230E PTC Thermistor
assembly. The application has two components: the code and the design. Both can be
easily accessed from the main App designer window.

Initially, the design was created, according to fig. 4. It contains the following
elements: the system tripping device, an integrated circuit breaker (motor starter) and
the electric motor.

4\ App Desg

- 8 x
P INIRESIEO;

H % i >

Y|

B Qo

Fig.4. Graphical components of the CAD application

After finalizing the CAD configuration, the code was written, using callbacks
for each element, as can be seen in fig.5.

Fig‘."s. Graphical simulation code program '
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The steps to simulate the application are:

1. Press the START button. The electric motor starts and a green LED comes on
to indicate this (fig.6).

2. Using the temperature sensor that is mounted on the stator windings of the
motor, the temperature is monitored, and when it reaches the preset value

(insulation class temperature), an integrated switch opens, thus stopping the
motor. and the red LED of the relay lights up (fig.7).

| 4 MATLAB App = o X

2

Start

'L\:tp’o@“

Al |A2 INCINC|TI | T2
e v B
ZIEHL-ABEGG R €A
U-EK230E O

] g

n@OExaExp) on(CH off

11(2) G [Ex o] [Ex = "Ex pd

PTBOSATEX304S - o
Reset

Switch

H
AS18 s

:-I\:
14|11 [12]nc]vr|v2

YY)

Fig.6. Start (run) electric motor
: 4. MATLAB App

Start

At |A2 INCINC|TI | T2 1
- U - ™
ZIEHL-ABEGG 7‘
P
U-EK230E Do
Qon
@D Exn] On € ) off

12) G [Exe) £ = Ex pq
PTB 03 ATEX 3045

&
Reset &

| & Switch
s

le=3A
1
141 2]nclvi|v2

'eg0020

Fig.7. Protection tripping (motor stop)
3. When the temperature drops enough for the motor to operate safely, the red

LED of the relay lights up. At this point, the RESET button can be pressed to
restart the motor safely (fig.8).
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Fig.8. Relay reset mode

4. CONCLUSIONS

PTC thermistors are used in a wide range of applications, such as temperature
control, overload protection, liquid level detection, and more. For example, a PTC
thermistor can be used to monitor the temperature of an electric motor. If the
temperature exceeds a specified value, the thermistor's resistance increases sharply,
which can trigger a protective device to stop the motor and prevent overheating.

Some of the advantages of the PTC thermistor include:

* High sensitivity to temperature changes: PTC thermistors are very sensitive

to temperature variations, making them ideal for applications that require

precise temperature monitoring.

* High electrical resistance at high temperatures: Once the temperature exceeds

a specified value, the resistance of the PTC thermistor increases sharply,
making it useful for protecting circuits from overloads.
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* Reliable operation: PTC thermistors are reliable and robust, and because they
have no moving or mechanical parts, they have a longer lifespan than other
types of temperature sensors.

* Low cost: The cost of PTC thermistors is relatively low compared to other
types of temperature sensors, making them a popular choice for industrial and
commercial applications.

» Compact size: PTC thermistors are small and compact, making them ideal for
applications where space is limited.
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Abstract: Traditional manufacturing production lines are characterized by static and
rigid configurations, resulting in significant idle time during reconfigurations for new products
or processes. This inflexibility not only decreases productivity but also limits the ability to
respond quickly to market demands. With the advent of Industry 4.0, mobile robotic units have
leveraged the Internet of Things and Artificial Intelligence to significantly enhance their
capabilities and application fields. By integrating sensors, actuators, and machine-to-machine
communication, mobile manipulators have become essential components of modern smart
industry. These systems combine the capabilities of a mobile platform with a robotic arm,
making them versatile tools in production, science, military, construction, medical care, and
business sectors. This paper introduces the development and implementation of the "CuRoK"
mobile robot manipulator at the Dnipro University of Technology. The CuRoK features a
robust hardware architecture, including a mobile platform and a multi-link manipulator arm
with five degrees of motion. Critical components such as actuators, sensors, controllers, and
human-machine interfaces are discussed in details. The paper addresses challenges encountered
during the development process, such as mechanical vibrations and electrical interference, and
presents solutions to mitigate these issues. Emphasis is placed on improving part machining
quality, reducing tolerances, and enhancing electrical isolation. The successful deployment of
CuRoK underscores the importance of integrating mobile manipulators in modern education
and industry, highlighting their role in fostering skills essential for the next generation of
engineers and technicians.

Key words: service robotics, mobile manipulation, modern manufacturing, Industry
4.0, education.

1. INTRODUCTION

Production lines in traditional manufacturing are static and rigid, which often
leads to significant idle time during reconfiguration for new products or production
process. This inflexibility not only decreases productivity but also limits the ability to
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react quickly to market needs. As part of Industry 4.0, mobile robotic units entered the
era of Internet of Things and Artificial Intelligence, which significantly increased their
capabilities and application fields. Using combination of sensors, actuators and
machine-to-machine communication, mobile manipulators became essential part of
modern smart industry [1].

Robot manipulator in traditional form [2], [3] consists of an articulated
mechanical arm that is installed in a desired location and used for handling heavy or
dangerous materials. They became the current manifestation of the third industrial
revolution in automation, and they have been developing today to meet the dynamic
demands of the industry. Modern requirement in intelligent human—machine
collaboration pushed traditional manipulator robots further to mobile robot units or
mobile manipulators.

Mobile manipulators are multipurpose robotic systems which combine the
capabilities of a mobile platform and a robotic arm. Throughout last decades, mobile
robots rapidly evolved from first mobile robot arm prototype MORO (1984,
Frauenhofer IPA, Stuttgart) [4] to modern intelligent solutions,having been provided
by world known organizations such as Boston Dynamics, KUKA, Fetch Robotics and
Stanford [5]. They are actively used in various fields such as production, science,
military, construction, medical care and business [6].

Therefore, modern education also needs to pay attention to studying and
mastering the skills of working with mobile robots, which have already become an
integral part of the production process. As a part of this idea, many educational
facilities establish their own mobile robot projects [7] and participate in different
robotics competitions [8] in order to promote robotics all over educational system and
interest students and university stuff.

2. MOBILE MANIPULATOR “CUROK”

The hardware architecture of the vast majority of mobile manipulators consists
of several blocks that can be divided by functionality [9]: actuators, sensors, controllers
and human machine interface. Actuators consist of manipulator arm, which can
perform different tasks, and mobile platform on which the manipulator is mounted. In
order to provide safe and precise movement, robots require information about
environment, which is provided from different types of sensors. Controllers are used to
process sensor data and control actuators. The interaction with the human-operator is
carried out through the human-machine interface.

On the basis of the Dnipro University of Technology Hardware Lab, a general-
purpose mobile robot manipulator "CuRoK" was developed (Fig. 1).

The frame, made of aluminum profile, serves as a foundation for the mobile
platform. With dimensions of 43x70x24 mm, the frame has the form of a
parallelepiped and provides the construction with necessary rigidity, stability and
reliability. The upper and bottom faces of the platform are secured with screws and are
made of 2 mm steel sheets onto which the mobile robot's equipment is fixed.
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Fig. 1. CuRoK general view

The next set of hardware is fixed and closed off from the surroundings on the
lower platform, in the center of the frame (Fig. 2):

1. A 24-volt battery pack that consists of three electric car battery modules;

2. A Battery Management System that is dedicated to the oversight of a battery
pack and maintains conditions for long-term uninterrupted operation of the
autonomous power source;

3. An inverter to supply the power to the manipulator from the battery pack;

4. Twowheel hub motors;

5. An STM32-based motor-wheel control board:;

6. An ESP32-based communication module.

Fig. 2. Mobile platform structure
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The main components of the manipulator are fixed on the upper platform,
namely: executive, in the form of a manipulator arm, and control, in the form of a
control unit. Robot manipulator (Fig. 3) is the multi-link mechanism that has five
degrees of motion and all rotational joints, which provide flexibility and repeatability
of movement [10]. Its end effector is agripper.

¥ Y LN o X K

Fig. 3. a) general view; b) kinematic scheme

It consists of the following main nodes:

* supporting structures;

* drives (stepper motors);

* transmission mechanisms;

* executive mechanisms;

* capturer (capturing device).

The control unit is encasedand positioned adjacent to the manipulator. The
following hardwareis situated inside(Fig. 4):

Fig. 4. Control unit
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1. Stepper motor drivers, 6 pcs.;

2. Arduino Mega 2560 with RAMPS 1.4 expansion module;

3. Rectifier AC/DC 350 W, 24 V,

4, DC/DC converter for 12 V;

5. DC/DC converter for 6 V;

6. Cooling fan.

The diagram of electrical connections is shown in Fig. 5. The presence of
separate inverter and rectifier is due to the need to maintain the ability to separate the
mobile robot into two independent stands.

Power Supply Controller
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Fig. 5. Electrical Schematic

3. RESULTS AND DISCUSSION

The development of the CuRoK mobile robot manipulator at the Dnipro
University of Technology Hardware Labprovided significant challenges. After the
successful implementation of the system, it became possible to see the following key
outcomes:

Mechanical design stability and ergonomics

The aluminum profile frame provides the necessary rigidity and reliability
together with protection of inner components. Despite the robust design, challenges
such as mechanical vibrations due to imperfections in the mechanical power
transmission system and surface abrasives were encountered. Solutions included
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improving machining quality, reducing tolerances, and using dampers to minimize
vibrations.

Another source of vibration is the use of a stepper motor with a significant
discreteness of the rotation angle. In other words, the movement of manipulator was
too fast, which is expressed in the form of vibrations, that damage joins of mobile
manipulator. These mechanical vibrations were mitigated by switching motor drivers
to micro-stepping mode and additional post-treatment of friction surfaces.

Electrical System and Control

The electrical system featured a 24-volt battery pack, controlled by Battery
Management System (BMS), and an inverter for power supply. In order to maintain
stable operation some changes in design was implemented, such as galvanic isolation
of connection ports, use of separate power sources for each driver. Issues with
electrical interference and back EMF from stepper motors were mitigated by
redesigning the electrical circuit of motor drivers by including protection diodes.

Motion Control

Motor wheels used for mobile platform was originally designed for
gyroscooter, which does require high manufacturing precision. The integration of
vector control algorithms with speed feedback compensated for different wheel speeds,
enhancing the overall stability and control of the mobile robot.

Discussion

The successful deployment of the CuRoK mobile robot manipulator highlights
the critical role of mobile manipulators in modern education and industry. Several key
insights emerged from the development process:

- Importance of Mechanical Precision: the mechanical design's precision
directly impacts the robot's performance. Mitigating mechanical vibrations through
better machining practices and using damping materials proved essential for stable
operation.

- Electrical Isolation and Power Management: ensuring electrical isolation and
proper power management is crucial to prevent interference and maintain system
stability. The use of high-speed stepper motors and separate power sources for drivers
were effective solutions.

- Educational Impact: The project provided valuable practical experience for
students and highlighted the necessity of integrating mobile robotic systems into
educational curricula. The practical skills gained are essential for preparing the next
generation of engineers and technicians.

- Industrial Relevance: mobile manipulators like CuRoK are versatile tools for
modern smart industries. Their ability to adapt to different tasks and environments
makes them valuable assets in production, construction, medical care, and other fields.

Future Work

The development of CuRoK is important step forward for Hardware Lab team,
but there are areas for further improvement:

» Enhancing the mechanical design to further reduce vibrations and improve
precision.

* Integrating more advanced sensors and control algorithms to enhance the
robot's autonomy and adaptability.
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* Developing intuitive means of remote control of the robot.

» Chassis redesign for outdoor driving.

+ Expanding the application fields of CuRoK to explore its capabilities in more
diverse industrial and educational environments.

4. CONCLUSIONS

The development of the CuRoK mobile robot manipulator by the Dnipro
University of Technology's Hardware Lab highlights the significant advancements in
robotic technology and its applications in various fields. In the process of developing
the CuRoK mobile robot manipulator, the Hardware Lab team faced a number of
challenges and difficulties of various origins, both mechanical and electrical. A number
of measures were taken to eliminate the identified problems, including: additional post-
treatment of friction surfaces, the use of damping materials, switching drivers to micro-
stepping mode, redesigning the electrical circuit of the manipulator control unit to
ensure reliable and safe power supply to the modules, mandatory use of protective
galvanic isolation at all times, as well as analysis and selection of the optimal wheel
control algorithm. These measures ensured stable and precise operation of the
manipulator. The project not only provided valuable theoretical and practical skills for
the team but also emphasized the crucial role of mobile manipulators in modern
education and industry. CuRoK's success underscores the necessity of integrating
mobile robotic systems into educational curricula and industrial processes to foster
innovation and meet dynamic market demands. This work serves as a model for future
developments in mobile robotics, promoting versatility, efficiency, and collaboration in
smart industry environments.

REFERENCES

[1]. Ghodsian N., Benfriha K., Olabi A., Gopinath V., Arnou A., Mobile
Manipulators in Industry 4.0: A Review of Developments for Industrial Applications. Sensors
Basel, Switzerland, 23(19), 8026. 2023.

[2]. Nazarova O., Mechatronic automatic control system of electropneumatic
manipulator / V. Osadchyy, T. Hutsol, Sz. Glowacki, T. Nurek, V. Hulevskyi, I. Horetska //
Scientific Reports, 2024,

[3]. Nazarova O., Osadchyy V., Shulzhenko S., Olieinikov M., Software and
Hardware Complex for The Study of Electropneumatic Mechatronic Systems, 2022 IEEE 4th
International Conference on Modern Electrical and Energy System (MEES), Kremenchuk,
Ukraine, pp. 1-6, 2022.

[4]. Héagele, Martin & Nilsson, Klas & Pires, J. Norberto. Industrial Robotics. doi:
10.1007/978-3-540-30301-5_43, 2007.

[5]. Roy N., Posner 1., Barfoot T., Beaudoin P., Bengio Y., Bohg J., et al. From
Machine Learning to Robotics: Challenges and Opportunities for Embodied Intelligence.
Mach. Learn. arXiv preprint arXiv:2110.15245. 2021.

[6]. Liao, Jianfeng & Huang, Fanghao & Chen, Zheng & Yao, Bin. Optimization-
based motion planning of mobile manipulator with high degree of kinematic redundancy.
International Journal of Intelligent Robotics and Applications. 3, 2019.

121



DEVELOPMENT OF A MOBILE PLATFORM WITH A MANIPULATOR ROBOT

[7]. Srinivasa, Siddhartha & Berenson, Dmitry & Cakmak, Maya & Collet,
Alvaro & Dogar, Mehmet & Dragan, Anca & Knepper, Ross & Niemueller, Tim &
Strabala, Kyle & Weghe, Mike & Ziegler, Julius. HERB 2.0: Lessons Learned From
Developing a Mobile Manipulator for the Home. Proceedings of the IEEE, 2012,

[8]. Sereinig, Martin & Werth, Wolfgang & Faller, Lisa-Marie., A review of the
challenges in mobile manipulation: systems design and RoboCup challenges. ¢ & i
Elektrotechnik und Informationstechnik. 137, pp. 1-12. 2020.

[9]. Domel A., Kriegel S., KaRecker M., Brucker M., Bodenmdller T., Suppa M.,
Toward fully autonomous mobile manipulation for industrial environments. International
Journal of Advanced Robotic Systems, 2017.

[10]. Buschhaus, Arnd & Griinsteudel, H. & Franke, Jorg. Geometry-based 6D-
pose visual servoing system enabling accuracy improvements of industrial robots, pp. 195-200,
2016.

This article was reviewed and accepted for presentation and publication within the 11th edition
of the International Multidisciplinary Symposium "UNIVERSITARIA SIMPRO 2024".

122



Annals of the University of Petrosani, Electrical Engineering, 26 (2024)

MIMICKING HUMANOID ROBOT GAIT USING HUMAN
MOTION DATA FROM IMU

EMANUEL MUNTEAN?, MONICA LEBA?

Abstract: This paper presents a new method for mimicking the gait of a humanoid robot
using data obtained from Inertial Measurement Unit (IMU) sensors placed on a human body. The
proposed framework benefits from the capabilities of IMU sensors to capture detailed motion
data, including acceleration and angular velocity from various parts of the human body. The IMU
sensors are strategically placed on the both feet to ensure comprehensive gait analysis. The
collected data is processed using 2 Arduino UNO that send PWM signals to control the robot's
Servo Motors in order to replicate human-like walking patterns. The methodology involves
several key steps: data acquisition, preprocessing, feature extraction, and gait synthesis. During
data acquisition, IMU sensors record the human subject's gait in real-time. The effectiveness of
the proposed method is validated through a series of experiments, where the humanoid robot
successfully mimics the human gait on flat surfaces. The results demonstrate that the IMU-based
gait imitation framework achieves high fidelity in replicating human walking patterns, offering
significant improvements in the robot's stability and adaptability. This research contributes to the
field of humanoid robotics by providing a robust and efficient approach to gait imitation, with
potential applications in rehabilitation, assistive robotics, and human-robot interaction. Future
work will focus on refining the control algorithms and exploring the integration of additional
sensory data to further enhance the robot's gait performance.

Key words: Humanoid robot, IMU sensors, gait imitation, signal processing, gait
analysis, human-robot interaction.

1. INTRODUCTION

In recent years, the field of humanoid robotics has seen significant
advancements, particularly in the development of bipedal locomotion systems.
Mimicking human gait in humanoid robots is a complex task that requires precise control
and coordination of multiple joints and actuators. This paper presents a new method to
replicate the gait of a bipedal humanoid robot using data from four IMU sensors
strategically placed on the human’s legs. Specifically, two IMU sensors are mounted on
the thigh and tibia of each leg, providing comprehensive motion data. The IMU sensors
capture critical gait parameters such as acceleration, angular velocity, and orientation,
which are essential for accurate gait analysis and replication. The data collected from

1 Ph.D., Student Eng., emanuelmuntean@upet.ro
2Ph.D., Eng.
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these sensors are processed by two Arduino Uno microcontrollers, which serve as the
central processing units for the system. The Arduino Uno microcontrollers analyze the
sensor data in real-time and generate control signals for the servomotors. To achieve
precise control of the servomotors, the system employs two PCA9685 16-channel 12-bit
PWM Servo Drivers. These drivers are capable of controlling up to 16 servomotors each,
allowing for scalable and flexible motor control. In this setup, four servomotors are used
to actuate the joints of the humanoid robot, enabling it to perform bipedal walking
motions.

The integration of IMU sensors with Arduino microcontrollers and
PCA9685 servo drivers provides a robust and cost-effective solution for
humanoid gait replication. This method not only enhances the robot's ability to
navigate complex environments but also improves its interaction with human
tools and surroundings. The proposed system demonstrates the potential for
advanced humanoid robots to achieve more natural and efficient bipedal
locomotion, paving the way for future developments in humanoid robotics.

This paper will detail the design, implementation, and testing of the
proposed gait replication system, highlighting the advantages and challenges
associated with using IMU sensors and Arduino-based control for humanoid
robots.

2. LITERATURE REVIEW

The main focus of paper [1] is to generate stable gaits for small-sized humanoid
robots using geometric methods for kinematic analysis. The paper employs a 3D linear
inverted pendulum model to determine the trajectory of the robot's center of mass, which,
combined with foot positions, is used to solve the Denavit-Hartenberg (D-H) matrix. The
goal is to find a computationally efficient solution to the inverse kinematics problem,
enabling the robot to walk forward, turn left, and turn right in a stable manner. The paper
also discusses the implementation and testing of these gaits on a 17-degree-of-freedom
humanoid robot named TONY.

Paper [2] is focused on overcoming the sim2real gap for humanoid robots,
specifically the HRP-5P humanoid robot, by utilizing current feedback from actuators
and training policies in a simulation environment with degraded torque-tracking. The
authors propose a method to address the discrepancies between simulated and real-world
environments, which often result in poor performance when transferring policies trained
in simulation to real hardware. They achieve this by simulating poor torque-tracking
during training and incorporating current feedback from the actuators into the
observation space of the reinforcement learning policy. This approach allows the policy
to compensate for inaccuracies in torque application, leading to successful deployment
of bipedal locomotion policies on the real HRP-5P robot.

The work [3] presents an intelligent motion attitude control algorithm for
humanoid robots. This algorithm leverages deep reinforcement learning (DRL) to
address issues related to the precision of motion manipulation control and the balance of
humanoid robots. The paper proposes an offline pre-training approach for the attitude
controller using an identification model as prior knowledge, which helps to overcome
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the challenges of limited physical training samples and low training efficiency. The
effectiveness of the proposed intelligent attitude controller is demonstrated through
experiments, showing significant improvements in tracking accuracy and stability
compared to traditional control methods like PID, PID + MPC, and MPC + DOB
controllers.

Paper [4] improves the walking behavior of a humanoid robot to enable it to
walk faster while ensuring safety during the learning process. The paper proposes the
use of Safe Reinforcement Learning (Safe RL), specifically the Policy Reuse for Safe
Reinforcement Learning (PR-SRL) algorithm, which leverages a safe baseline policy to
guide the learning process. This approach aims to achieve fast convergence to near-
optimal walking policies while minimizing the risk of falls and potential damage to the
robot during training.

Authors of [5] propose and analyze robust control strategies for different models
of the linear inverted pendulum, which represent the upper, middle, and lower body of a
bipedal walking robot. The paper investigates the performance of one mass, two masses,
and three masses linear inverted pendulum models in terms of stability, noise rejection,
and set-point tracking to the zero-moment point (ZMP). The study aims to improve the
stability and control of bipedal walking robots by using robust control methods and
comparing the effectiveness of these models through simulations and experimental
setups using an Arduino microcontroller and MATLAB Simulink system.

Paper [6] proposes a trajectory-planning method for biped robots that enhances
walking stability and flexibility. The method combines the Linear Inverted Pendulum
Model (LIPM) for the Single Support Phase (SSP) and the Linear Pendulum Model
(LPM) for the Double Support Phase (DSP). The paper addresses the limitations of
existing models that often ignore the DSP, leading to discontinuities in the acceleration
of the center of mass (CoM) and negatively impacting walking stability. By
incorporating both LIPM and LPM, the proposed method aims to achieve smoother CoM
acceleration transitions, improve walking stability, and enable real-time trajectory
planning for various walking scenarios, including periodic walking, speed adjustments,
disturbance recovery, and walking on uneven terrain.

The work [7] analyzes and compares the optimal control of the zero-moment
point (ZMP) for a bipedal walking robot. The study involves both experimental and
theoretical approaches to determine the ZMP during the single support phase of the
robot's gait cycle. The research utilizes a 17 degrees of freedom bipedal robot made of
hard aluminum sheets and employs MATLAB Simulink for simulation. The paper aims
to achieve optimal balance control by minimizing the performance index through
optimal feedback control gains, and it discusses the principles of ZMP, the methodology
for measuring ZMP, and the application of optimal control methods to ensure the
stability of the bipedal robot.

Paper [8] is developing a dynamic gait planning method for the NAO humanoid
robot to effectively climb and descend stairs. The method involves modeling the NAO
robot's kinematics, analyzing its gait characteristics, and planning its movements using
a first-order linear inverted pendulum model. The paper also introduces the zero-moment
point (ZMP) stability judgment and supporting polygons control to ensure the robot's
stability during stair navigation. The feasibility of the proposed gait planning method is
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verified through simulations and real-world experiments using the Webots platform and
the NAO robot.

The work [9] proposes an improved model predictive control (MPC) method
incorporating an extended Kalman filter (EKF) to enhance the robustness of humanoid
robots' walking capabilities by using a simplified finite-sized foot-pendulum model for
gait planning in both single-support and double-support phases, ensuring the robot's
center of mass (CoM) converges to the divergent component of motion (DCM), thereby
simplifying feedback control and enabling the robot to adjust its step duration to
compensate for CoM trajectory errors caused by disturbances, as demonstrated through
simulations on flat surfaces, under impact disturbances, and on uneven terrain.

Authors of [10] develop a highly efficient motion planner that generates stable
center-of-mass (CoM) trajectories for legged robots, specifically for walking, running,
and jumping motions, by leveraging the 3D-Divergent Component of Motion (3D-
DCM) framework, which was previously used for walking, and extending its application
to include running and jumping; the key contributions of the paper include: introducing
a unified formulation for the CoM and DCM waypoints at the start and end of each
motion phase, making the framework extensible and enabling efficient waypoint
computation, proposing a highly efficient algorithm for computing DCM and CoM
waypoints for a general sequence of motion phases, including stance, flight, and
transition phases, implementing transitions between different modes of motion
(standing, walking, running, and jumping) within the 3D-DCM framework, and
demonstrating the feasibility of the generated reference trajectories through extensive
whole-body simulations with the humanoid robot TORO, aiming to show that the 3D-
DCM framework retains its validity and coherence during flight phases and can be used
for planning complex locomotion tasks involving arbitrary contact sequences and time
parametrizations.

Research from [11] improves the fast and stable walking ability of humanoid
robots by proposing a gait optimization method using a Parallel Comprehensive
Learning Particle Swarm Optimizer (PCLPSO) algorithm, with key aspects including
the selection of key parameters affecting walking gait based on the natural zero-moment
point (ZMP) trajectory planning method, decomposing gait training tasks in a parallel
distributed multi-robot environment using the RoboCup3D simulation platform,
employing a layered learning approach to enhance turning ability, and experimentally
validating that the PCLPSO algorithm achieves quick, optimal solutions for a fast, steady
gait and flexible steering, emphasizing the use of intelligent algorithms to balance speed,
stability, and flexibility in humanoid robot walking.

In paper [12] is developed a robust and efficient gait controller for the humanoid
robot NAO by integrating a Particle Swarm Optimization (PSO) technique with a
Proportional-Integral-Derivative (PID) controller to enhance the robot's stability and
navigation capabilities [13], emphasizing gait planning and stability using the Linear
Inverted Pendulum Model (LIPM), implementing a PSO-tuned PID controller to
optimize the parameters for better obstacle avoidance and stability, validating the
approach through simulations and real-world experiments, and demonstrating through
comparative analysis that the PSO-tuned PID controller significantly outperforms other
techniques in terms of stability and efficiency.
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3. MATERIALS AND METHODS

To develop a method to imitate the walking of a bipedal humanoid robot, we
used a robot created by Youbionic [Figure 1], 3D printed from PetG material. The robot,
named lonut, has the appearance of a kindergarten child but with the personality of a
teenager. He is 110 cm tall and weighs around 40 kg. The robot is equipped with various
servomotors, which allows it to easily perform various tasks, including walking on a
straight surface, at the request of the user. We focused on making the movement on both
legs of the robot.
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Fig.1. Humanoid robot scheme with accent on both legs (reproduced with written approval
from Youbionic)
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Fig.2. Hardware Block Diagram of the humanoid robot legs control system

To build the physical system, we used four IMU [14] sensors distributed two on
each leg, located on the calf and leg bone. As the main microcontrollers, we used two
independent Arduino UNO boards, along with two PCA9685 PWM motor drivers and
six servo motors, each capable of a power of 60 kg depending on the received supply
voltage, as seen in Figure 2.

4. EXPERIMENTAL RESULTS

To improve lower limb coordination during walking you have to stand tall with
good posture by keeping the head up, eyes forward, shoulders back and down, and core
engaged; start with a heel-to-toe step, striking the ground with the heel first, rolling
through to the toes and pushing off to start the next step; take appropriately sized steps,
avoiding overly long strides and letting the back leg provide power; keep the hips level
to avoid swaying side-to-side; swing arms naturally in opposition to the legs with slightly
bent elbows; maintain a steady rhythm with evenly timed steps at a comfortable pace;
practice on different surfaces, starting on flat ground and progressing to uneven terrain;
focus on balance by keeping the body centered.

Swinging limb vemm Initial
opposite to stance limb floor contact

STANCE SWING
Terminal lnltial Terminal
Stance S\Mng Swlng Swing

Double I:mb Double limb

Fig.3. How to make a step [15]

* Heel Initial contact of
the contral. limb
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In humans’ case, bipedalism is a mode of terrestrial locomotion in which an
organism moves using its two hind limbs or legs. This is a distinctive feature of the
human species and its ancestors, which involves walking and running on two legs. To
realize a locomotion of the biped robot, we used four IMU sensors, two placed on each
leg. We started the first movement with the right foot, focusing on the X-axis. In Figure
4 the left leg serves as the pivot. In this image, a flexion/extension movement is
observed: the yellow line represents the sensor located on the knee, which indicates an
angle of about 90 degrees and the purple line corresponds to the sensor on the hip leg,
which shows an angle of about 40 degrees then when the right leg is tense. The gray and
blue lines represent the Y-axis, with values between 0 and 5 degrees. The pivot leg in
this case is represented by left leg and the yellow line is 95 degrees, the purple line 90
degrees and the gray and blue line has 0 and 5 degrees.
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Fig.4. Left leg pivot positioh and right leg raised

In Figure 5 the left leg is ready to perform the movement on the X axis. The
yellow line represents the sensor located on the knee, which indicates an angle of
approximately 95 degrees, and the purple line corresponds to the sensor on the hip leg,
which indicates an angle of approximately 80 degrees when the right leg is support for
movement. The gray and blue lines represent the Y-axis, with values between 0 and -10
degrees. The pivot leg in this case is represented by right leg and the yellow line is 100
degrees, the purple line 80 degrees and the gray and blue line has 5 and 0 degrees.
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Fig.5. The right leg pivot and the left foot perform the movement
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[T )

Fig.6. Right leg pivot position and left leg raised

Finally, I finished the movement with the right leg according to Figure 6 as the
pivot and the left leg making the final movement on the X axis. The yellow line
represents the sensor located on the knee, which indicates an angle of approximately 90
degrees and the purple line corresponds to the sensor on the hip leg, which indicates an
angle of approximately 40 degrees.

The gray and blue lines represent the Y-axis, with values between 0 and -10
degrees. The pivot leg in this case is represented by right leg and the yellow line at the
shin of 95 degrees, the purple line 90 degrees and the gray and blue line has 5 and - 5
degrees.

5. CONCLUSIONS

In this paper, we have presented a new method for mimicking the gait of a
bipedal humanoid robot using data from four IMU sensors strategically placed on the
robot's legs. By positioning two IMU sensors on the thigh and tibia of each leg, we were
able to capture detailed motion data essential for accurate gait analysis.

The data collected from these sensors were processed in real-time by two
Arduino Uno microcontrollers, which generated the necessary control signals for the
servomotors.

Our experimental results demonstrate that the proposed system can successfully
replicate the gait of a bipedal humanoid robot, enabling it to navigate complex
environments and interact more naturally with its surroundings.

This method not only enhances the robot's mobility but also opens up new
possibilities for its application in various fields, including assistive robotics, human-
robot interaction, and autonomous navigation. While the current system shows
promising results, there are still challenges to be addressed, such as improving the
robustness of the gait under different terrains and conditions, and optimizing the real-
time processing capabilities of the microcontrollers.

Future work will focus on refining the control algorithms, integrating additional
sensors for enhanced feedback, and exploring machine learning techniques to further
improve the robot's gait adaptation and performance.
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In conclusion, the proposed method provides a solid foundation for advancing
bipedal locomotion in humanoid robots, contributing to the ongoing development of
more capable and versatile robotic systems. The insights gained from this research will
be instrumental in driving future innovations in the field of humanoid robotics.
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PARTICULARITIES REGARDING THE DETERMINATION
OF MAXIMUM SURFACE TEMPERATURE OF JUNCTION
BOXES WITH TYPE OF PROTECTION INCREASED
SAFETY “E” DESIGNED FOR USE IN GASEOUS
EXPLOSIVE ATMOSPHERES

LUCIAN MOLDOVAN!, MIHAI MAGYARI?, CLEMENTINA
MOLDOVANS3, SORIN RASNOVEANU*

Abstract. Increased safety “e” represents a type of protection applied to electrical
equipment or Ex Components designed for use in potentially explosive atmospheres generated
by the presence of flammable substances in the form of gases, vapours or mists. According to this
type of protection, additional measures are applied so as to exclude the possibility of occurrence
of arcs, sparks and excessive temperatures even in case of abnormal operation. This type of
protection cannot be applied to equipment producing electrical arcs and sparks in normal
operation. This paper underlines some specific aspects regarding the determination of maximum
surface temperature (such as the preparation of the test sample, determination of the hottest points
and the maximum surface temperature), considering the requirements of the specific standards,
in case of increased safety junction boxes designed for use in gaseous explosive atmospheres
(including hydrogen).

Key words: increased safety, junction box, type of protection, maximum surface
temperature.

1. GENERALITIES

Considering that increased safety “e” [[1]] can only be applied to equipment that
is not producing electrical arcs and sparks in normal operation (and in specific abnormal
operation), one of its’ main applications is related to junction boxes. By the
supplementary measures taken in the designing and construction of such equipment,
even in specific abnormal operating conditions excessive temperatures, arcs and sparks
are prevented to occur [[1]], [8], [11], [13].
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In the specific case of junction boxes, protected by increased safety “e”, the
proper selection of insulating materials (used in the construction of enclosures and
terminals), a suitable ingress protection IP for the enclosure and provision of adequate
insulation distances (clearances and creepage distances) between the conductive parts
subjected to electrical voltages represents the main aspects on which the explosion
protection is based [[1]].

In case of increased safety equipment one of the ignition sources is represented
by hot surfaces. Identification of the hottest points on the equipment is made by thermal
tests. The temperatures of the hottest points are determined both on the external and
internal parts of the equipment (considering that the explosive atmosphere can come in
contact with the internal parts of the equipment) [[2]], [9], [10], [12], [15].

Determination of maximum surface temperature [[3], [4]], in case of increased
safety junction boxes, is made in the conditions provided by SR EN IEC 60079-0 [[3]]
and SR EN 60079-7 [[1]].

The specific standards considered, under the ATEX Directive [[5]], for
assessment of electrical equipment with type of protection increased safety “e”, are SR
EN IEC 60079-0 (providing the general requirements for equipment designed for use in
explosive atmospheres) and SR EN 60079-7 (providing the specific requirements for the
type of protection increased safety “e”) [1, 3].

2. SPECIFIC REQUIREMENTS FOR DETERMINATION OF
MAXIMUM SURFACE TEMPERATURE IN CASE OF JUNCTION BOXES
WITH TYPE OF PROTECTION INCREASED SAFETY “E”

The junction (connection) boxes, when tested to determine the maximum
surface temperature are fitted with a number of terminals (considering the 'worst case'
terminal). The terminals are wired using conductors of the maximum size (as specified
for the particular terminal). The length of conductor connected to each terminal and
contained within the enclosure shall be equal to the maximum internal dimension (three-
dimensional diagonal) of the enclosure. The wiring (terminals and conductors) are so
arranged that the test current is passed through each terminal and its wiring in series. In
order to represent the thermal effects of bunching of conductors and also other effects of
typical installations, the conductors have to be arranged in groups (of six), each with a
length outside the box of at least 0,5 m. The 'worst case' terminal is that which has been
found to exhibit the highest temperature rise [[1]].

A current equal to the rated current of the terminal for the application shall be
passed through the series circuit. The temperature of the hottest part shall be measured
when steady state conditions have been reached [[1]], [14], [17], [19], [24].

The test to determine maximum surface temperature shall be performed under
the most adverse ratings with an input voltage of 90 % of the rated voltage or at 110 %
of the rated voltage of the electrical equipment whichever gives the maximum surface
temperature. Where the input voltage does not directly affect the temperature rise of the
equipment or Ex Component, such as a terminal or a switch, the test current shall be
increased to 110 % of the rated current [[3]], [20], [22].
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The results can be affected by the conductor size, conductor entry location, terminal
location / geometry, and terminal size [[3]]. For equipment which can normally be used in
different positions, the temperature in each position shall be considered [[3]], [26].

The temperature measuring devices (thermometers, thermocouples, etc.) and the
connecting cables must be selected and installed so that they do not significantly affect
the thermal behaviour of the equipment [[3]], [21].

The final temperature is considered to have been reached when the rate of
temperature rise does not exceed a rate of 2 K/h (in case of equipment designed for use
in gaseous explosive atmospheres — including hydrogen) [[3]], [16], [18], [23], [25].

The measured maximum surface temperature shall not exceed for Group Il
equipment, temperature class T6, the temperature class, less 5 K (80°C) [[3]].

3. EXPERIMENTAL PART

To perform the testing, a sample junction box was used, with the outer approximate
dimensions of 27 cm x 27 cm x 13,5 cm (L x W x H). The junction box was equipped with
36 feed-through terminals of 2,5 mm? installed on a mounting rail with two end clamps.
Conductors with a cross section of 2.5 mm? were used (according to the terminal
specifications) — this was the maximum cross section of a flexible conductor with a ferrule.
The length of the conductors connected to each terminal and contained within the enclosure
was equal to the maximum internal dimension - three-dimensional diagonal [[6]].

For the tests, a DC constant current power source TTi QPX1200S was used. To
measure the current a high definition oscilloscope Lecroy HDO9304 and a current clamp
CPO31A were used. For the measurement of voltage, a specific channel of the multimeter
Agilent 34972A (equipped with two 34901A multiplexers) was used.

The terminals were tightened at a torque of 0,55 Nm (according the terminal
datasheet) with the help of a digital torque screwdriver BMS MS500S.

Type K thermocouples, with 0.25 mm diameter were used to measure the
temperatures. The method for fixing the thermocouples was with mechanical pressure.
Also, thermal conductive paste was used to create a better contact between the measured
surface and the thermoelement. These were connected to an Agilent 34972A multimeter
(equipped with 34901A multiplexers). A number of 9 thermocouples were used to
measure the temperature during the tests. Also, a thermal vision camera was used, at first
(in a pre-test phase) to identify the hottest areas (hottest points) so that thermocouples to
be placed there.

The arrangement used for testing is presented in figure 1.

The indicated temperature class of the equipment was T6, and the test sample
was tested with different currents to find the maximum current that complies with the
limiting temperature of temperature class T6 (in this case 80 °C).

The junction box was placed in vertical position with free air movement (not being
in contact with a wall). The testing of the junction box was made using DC in two steps:

1. Testing of the “worst case terminals” scenario

The testing was made with the junction box equipped with all the 36 terminals.
The terminals were connected in series so as the testing current to pass through all the
terminals. The conductors were bundled in groups of 6 [[1], [6]]-
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Fig.1. Testing arrangement to determine the hottest point

A specific current of 12 A was first used to determine the hotspot [[6]]. Also, to
determine the maximum current for temperature class T6 (at a maximum ambient temperature
of +40 °C) the junction box was supplied to different currents (6 A, 8 A, 10 A, 13,89 A, 14,67A)
and the maximum current associated to temperature class T6 was calculated.

2. Testing with the rated current scenario

Testing was made on 6 terminals (the 6 terminals mounted in the middle of the
36 terminals). The other 30 terminals were not removed. The test current was set to 21
A (according to the terminal datasheet) and the hotspot was also determined [[6]].

4. RESULTS AND DISCUSSIONS

The following results were obtained after performing the specified tests.

1. Testing of the “worst case terminals” scenario

When testing at 12 A, the hotspot was determined to be at the second (middle)
group of six conductors inside the junction box (top part). The ambient temperature
considered was 22,5 °C. The final temperature at the hotspot was 53,1°C (30,6 K

increase of temperature) (Figure 2). Similar values were recorded when the test was
performed with an AC power source.

Temperature rise at the hotspot
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Fig.2. Temperature rise at the hotspot
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Also, in the second part of the test, the temperature rise was determined for
different currents in order to determine the maximum current associated to temperature
class T6 as specified in Table 1. The maximum increase of temperature, according the
temperature class, must also consider the safety margins associated to the temperature
classes together with the maximum ambient temperature at which the product can be
used (for example, in case of temperature class T6, for a maximum ambient temperature
of 40°C, the safety margin is 5 K, resulting a maximum temperature increase of 40 K —
the temperature shall not exceed 80°C) [[3], [5]].

Table 1. Temperature rise function of the testing current

Crt. Test Ambient temperature | Temperature rise at
No. | current [A] [°C] the hotspot [K]

1. 6 22,5 8,0

2. 8 21,9 14,3

3. 10 22,8 21,7

4, 12 22,5 30,6

5. 13,89 22,5 39,7

6. 14,67 22,9 44,4

The maximum current for the temperature class T6 was calculated and found to
be 13,91A (considering the maximum ambient temperature of 40°C). For calculation,
the regression line (trendline) was used as a polynomial function of the fourth order
(Figure 3). In order to have a better estimation of the heating effect induced by the
electric current, the squared values of the current were used in correspondence with the
temperature rise at the hotspot.

50

y =0.0000000112x° - 0.000004653 1 +0.0005116833x? + 0.1984150788x +0.4340964664 e ®
40 R>=0.9999375743 o

35

30 e
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15 .
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Dt [K]

1A2 [AA2]
Fig.3. Polynomial regression line dependency on the squared current

2. Testing with the rated current scenario

When testing at 21 A, having only 6 terminals connected in series, the maximum
temperature (hotspot) was found to be in the second (middle) group of six conductors
inside the junction box (top part). The ambient temperature was 22,9 °C and the final
temperature was measured as 61,6 °C (giving an increase of temperature of 38,7 °C).
Also, a high temperature was measured on the internal metallic surfaces of the 2
terminals placed in the middle of the 6 terminals group (having a temperature of 60,81
°C) and giving an increase of temperature of 37,95 °C (Figure 4).
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Temperature rise at the hotspot
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Fig.4. Temperature rise at the hotspot

When performing the tests to determine the maximum surface temperature in
case of connection (junction) boxes with the type of protection increased safety, the
hotspot might be found on the metallic part of the terminals or on the cables connected
to the terminals under test. Even if the connection boxes are certified without the
connecting cables (these are chosen by the installer according the criteria provided in the
specific standard EN 60079-14 [[7]]) the hottest point might be found on the cables
(conductors) inside the junction box.

When a certain temperature class is required for a junction box, equipped with
a specific number of terminals, the maximum permitted current is calculated. One
method used for the calculation is based on the temperature increase as a function of the
squared current and using the polynomial regression (regression trendline). Also,
specific software (like Microsoft Excel) can be use to identify the regression trendline
and the maximum permitted value of the current.

The preparation of the test sample is very important and must consider the
standard requirements for preparation (grouping the conductors in bundles of six,
tightening the terminal screws at a specific torque given by the manufacturer, using
thermal conductive paste to provide a more intimate thermal contact between the
thermocouples and the measuring surface/point etc.).

5. CONCLUSIONS

In the beginning of the paper were analysed the required conditions to perform
the determination of the maximum surface temperature in case of junction boxes with
type of protection increased safety “e”.

For a certain temperature class (T6) the maximum surface temperature
(maximum temperature rise) was determined together with the maximum admitted
current for the “worst case terminal scenario”. The testing method and determination by
calculus of the maximum admitted current were presented.

The maximum surface temperature was determined also in the case of maximum
rated current scenario. In order to find the hottest point, in case of junction boxes with
type of protection increased safety, temperature must be monitored both on the terminals
and on the cables inside the enclosure.
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The factors influencing the determination of the maximum surface temperature
related to the preparation of the test sample were also presented.

This paper is important for those performing the tests for determination of
maximum surface temperatures (testing laboratories and manufacturers of explosion proof
junction boxes with type of protection increased safety “e” designed for use in explosive
gaseous atmospheres) in order to consider the factors influencing the determination of

maximum surface temperature and of the hottest points inside the enclosure.
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AUTONOMOUS INDOOR NAVIGATION SYSTEM
CONCEPT: HARDWARE AND SOFTWARE INTEGRATION
FOR ELECTRIC VEHICLES

COSMIN RUS?, LEBA MONICA?

Abstract: This paper presents a comprehensive investigation into the development of
an autonomous electric vehicle specifically designed for indoor use. The research focuses on two
critical aspects: the hardware-based steering system and the software algorithm for autonomous
navigation. The steering system integrates a set of sensors and a closed-loop control algorithm to
accurately determine the wheel positions relative to the steering wheel, utilizing a microcontroller
and a LiDAR sensor for precise directional control. Concurrently, an interactive dashboard was
developed, using Python and Qt, to display real-time data including motor temperature, battery
voltage, and current consumption. The autonomous navigation algorithm, implemented and
tested in MATLAB Simulink, uses LiDAR-generated maps to define the vehicle's trajectory
within a physical space. The algorithm guides the vehicle through predefined coordinates,
adapting to environmental changes and obstacles. The integration of these hardware and software
components aims to achieve reliable autonomous navigation in confined indoor spaces,
enhancing the vehicle's performance and safety. This research contributes significantly to the
field of intelligent electric vehicles, promoting advancements in autonomous mobility solutions
for industrial, commercial, and residential applications.

Key words: navigation, closed space, Simulink, Lidar, dashboard, monitoring.

1. INTRODUCTION AND STATE OF THE ART

In the age of technological advancement and the push for sustainable transport,
the development of autonomous electric vehicle prototypes is increasingly gaining
interest across various sectors. The creation of these vehicles hinges on several critical
components, including the architecture and control system, environmental perception,
navigation, energy efficiency, and specific hardware like BLDC and servo motors. These
elements are crucial for the vehicles' safe and efficient operation, requiring seamless
integration and coordination. Key aspects include flexible and modular design for easy
updates, real-time decision-making capabilities through advanced algorithms, and the
use of sensors and machine learning for environmental understanding. Additionally,
precise navigation and localization technologies, alongside energy optimization and

1Ph.D.,, Eng., cosminrus@upet.ro
2Ph.D., Eng.
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storage solutions, are essential. The synergy and optimization of these components are
vital for achieving reliable autonomous driving, underscoring the importance of
comprehensive studies and research in the field for the successful realization of
autonomous electric vehicle prototypes [1].

Ajao and Sadeeq [2] provide a detailed overview of recent advances in
autonomous electric vehicles. The paper begins by highlighting the importance of the
development of autonomous electric vehicles and how it can revolutionize the way we
move and transport goods, providing safer and more efficient solutions for our
transportation needs. The authors then analyze the various subsystems that make up an
autonomous electric vehicle, including energy storage systems, battery management
systems, vehicle charging systems, electric motor mechanisms, and braking systems.
Within each subsystem, the authors provide a detailed overview of recent advances and
comparisons with other similar technologies. The paper also presents several prototypes
of autonomous electric vehicles, providing an overview of how these technologies are
implemented in practice.

In the paper done by Wang et al. (2020) [3], the authors focus on the
development of intelligent functions on autonomous electric vehicle platforms and
explore the fascinating world of autonomous driving and the challenges it presents for
safety engineering and human-vehicle interaction. In the paper, the authors present an
experimental study on human-autonomous vehicle interaction, which was carried out on
a robot platform. Also, theoretical models for the analysis of human-autonomous vehicle
interaction are presented and the main challenges and objectives of the development of
autonomous driving technology are discussed. In addition, the paper addresses policy
and societal issues such as user information and acceptance, as well as the regulatory
adaptations needed to ensure the safety and efficiency of autonomous vehicles.

The paper done by Parekh et al. [4] presents a review of the progress, methods
and challenges encountered in the development of autonomous vehicles. The authors
performed a bibliometric and scientific analysis of the existing literature, examining
previous studies and research in the field. They identified a number of challenges, such
as safety, regulation and public acceptance, but also a number of potential benefits, such
as reducing road accidents and improving mobility. In addition, the authors examined
the various methods used to develop autonomous vehicles, including sensor technology,
artificial intelligence, and navigation systems. Overall, this paper provides a
comprehensive insight into autonomous vehicles and how they could change the way we
get around in the future.

The paper by Rus, Leba, Risteiu, and Marcus (2023) [5] aims to investigate the
development of intelligent electric vehicles that possess the potential for transformation
into autonomous counterparts. A crucial aspect of this research involves the formulation
of a robust and intuitive mathematical model, which serves as the foundation for a
dedicated cruise control system designed for small electric vehicles. The proposed
control system is intended for deployment in both outdoor and indoor industrial
environments, in alignment with the principles of sustainable development. To achieve
this objective, the researchers engaged in extensive simulations and mathematical
modeling of a small electric vehicle. The primary focus of the modeling process
encompassed the dynamic behavior of the vehicle and its core components. These
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components comprise the powertrain, suspension system, tires, and the human driver.
The powertrain model intricately incorporated the electrical and mechanical
characteristics of the electric motor, the behavior of the controller, and the state of charge
of the battery. Additionally, the suspension system model accounted for the unique
attributes of dampers, springs, and the vehicle's mass and moment of inertia. On the other
hand, the tire model encompassed essential features such as tire-road contact, lateral and
longitudinal forces, and slip angle. Furthermore, the driver model captured the inputs
from the accelerator and brake pedals, as well as the steering wheel. The various
component models were meticulously combined in a comprehensive simulation
framework to facilitate the examination of the small electric vehicle's dynamic behavior
under diverse operating conditions. Moreover, this integrated simulation environment
served as an effective platform for rigorous testing of various control algorithms. Among
the control algorithms studied were those pertaining to regenerative braking systems,
energy management, and battery charging. The researchers relied on the powerful
MATLAB Simulink software platform to implement the numerous vehicle component
models and conduct the control algorithm assessments. MATLAB Simulink provides a
versatile and user-friendly block-based modeling environment, which is ideally suited
for this type of complex system modeling. Moreover, the software's support for real-time
hardware-in-the-loop simulation enabled the researchers to execute the control
algorithms on a real-time platform. As a result, they could send inputs to the physical
vehicle components and receive outputs, facilitating the evaluation and validation of the
control strategies in a real-world context.

In summary, the investigation undertaken by Rus, Leba, Risteiu, and Marcus
(2023) [5] constitutes a significant advancement in the development of intelligent
electric vehicles that can eventually transition into fully autonomous entities. The
establishment of a reliable mathematical model and the utilization of the MATLAB
Simulink software platform have been pivotal in simulating and testing control
algorithms critical to the performance and autonomy of these vehicles. By embracing
these technological advancements, the automotive industry moves closer to realizing a
greener, safer, and more efficient future for sustainable transportation. This provides the
ability to test control algorithms in a real environment to verify their performance and
ensure that they meet the desired specifications. The literature review reveals that there
is a wide variety of research related to the development of electric vehicles, especially
regarding the extension of their autonomy, energy efficiency and the implementation of
advanced control systems [6, 7]. Based on the developed mathematical model [5], the
researchers demonstrated its use for sizing electric motors for various types of electric
vehicles, including off-road vehicles such as the electric buggy and electric ATV [8].

Using the mathematical model as an inverse model, they were able to determine
the minimum moment required for the vehicles to climb slopes of varying degrees. These
results allowed the appropriate selection of electric motors for the vehicles in question,
thus ensuring the reliable and efficient operation of the propulsion systems. The study
emphasizes the importance of continued research in the field of electric vehicles,
especially for the development and implementation of autonomous driving algorithms.
Advances in this area promise to bring significant improvements in the efficiency, safety
and performance of electric vehicles. The integration of advanced technologies, such as
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artificial intelligence, into electric vehicles will make them more intelligent, autonomous
and easy to use, contributing to sustainable development and reducing the impact on the
environment [9].

The study by Rus and Leba (2023) [10] provides a succinct but insightful
exploration of the progress made in the development of an intelligent electric vehicle
with autonomous driving capabilities. This revolutionary wvehicle demonstrates
outstanding adaptability, seamlessly integrating into the next-generation concepts of
Smart Grid and Smart City, also contributing as a prosumer element in electricity supply
networks. The research provides a brief but informative outline of the complicated
process involved in creating a small electric vehicle, which is achieved by converting a
thermal engine into a highly efficient electric motor. Additionally, the study highlights
the successful incorporation of state-of-the-art communication systems based on the
LoRa network, improving vehicle connectivity and data exchange capabilities. In
particular, the integration of LiDAR sensors adds a remarkable dimension to the
vehicle's functionality, enabling precise mapping of specific areas of interest.
Furthermore, the research introduces a future concept for establishing an innovative
power supply system. Combining cutting-edge technologies, innovative design concepts
and sustainability principles, this study presents the potential for significant advances in
the field of intelligent electric vehicles, thus contributing to a more efficient and
environmentally conscious future of transport. A noteworthy aspect is that this vehicle's
environmental impact is genuinely 100% non-polluting, as its batteries are entirely
powered by renewable energy sources [10].

Within our university, there are several achievements regarding the development
of autonomous electric vehicles, one such outstanding example is the prototype of a mini
autonomous electric vehicle made on the functional platform of a Buggy-type vehicle,
an innovation that promises to revolutionize the way we move in the urban environment
as well as on off-road terrain. This prototype represents a compact and intelligent version
of an electric vehicle, designed to offer an efficient and environmentally friendly
transport solution. It is proposed to equip it with advanced technologies, such as sensors,
video cameras and artificial intelligence algorithms, which allow it to navigate
autonomously through traffic, without requiring human intervention. The mini
autonomous electric vehicle is designed to meet urban mobility needs, with small
dimensions that allow it to easily slip through dense traffic and park in small spaces.

Thus, it becomes a practical and efficient option for traveling short distances,
such as the daily commute to work or shopping. Another remarkable aspect of this
prototype is its exclusive use of electricity. The vehicle is equipped with an advanced
electric propulsion system based on a BLDC brushless motor, powered by a high-
performance battery. This sustainable approach not only reduces carbon emissions and
the noise produced by vehicles with conventional engines, but also provides a smooth
driving experience, without unpleasant vibrations or noises. Also, this mini autonomous
electric vehicle comes with a modern and intuitive interface that allows users to access
different functions of the vehicle, turning it into a viable solution for public and shared
transportation. In the future, through a mobile application, users can request the vehicle,
check availability and even monitor the route and status of the vehicle in real time.
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The prototype of this mini autonomous electric vehicle represents an important
step in the direction of smart and sustainable mobility. The integration of autonomous
technology in electric vehicles opens new horizons for urban transport, increasing the
safety, efficiency and comfort of passengers, while reducing the negative impact on the
environment [5].

2. IMPLEMENTED METHODS AND SYSTEMS

This work presents two system prototypes that are the basis of the construction
of a mini autonomous electric vehicle. The first system prototype is a hardware type
developed to manage the direction of travel of the mini autonomous electric vehicle,
while the second system is a software type that allowed the creation of a dashboard for
this type of vehicle. Regarding the development of the autonomous steering hardware
prototype, in the first stage, a system was created using a control algorithm in a closed
loop with the help of sensors that can be used to determine the position of the vehicle's
wheels in relation to the steering wheel's position (Figure 1). This is just a concept; at
this stage of research, it has not been realized from a hardware point of view.

ww Wheel movement
Steering wheel tomatic steering

wd
Direction angle

Fig.1. System block diagram

The vehicle's physical steering wheel can be replaced with a trajectory function
whose output values can control the direction change system via a microcontroller. To
do this, a Raspberry Pi-type development board, a Lidar sensor, a speed sensor, a
temperature sensor, a touchscreen and a voltage and current sensor were used, so that a
dashboard for this type of vehicle was created. In Figure 2 shows the connection of the
Lidar sensor to the Raspberry Pi development board which was also connected to the
touchscreen.

Fig.2. Hardware connections
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This dashboard has the ability to display various essential vehicle data, including
engine temperature, battery terminal voltage, battery capacity and current consumption,
allowing drivers and technicians to monitor vehicle performance in real time. In the
initial stage, the development environment was set up, ensuring that there was Python
installed on the working system and the necessary libraries were included to program
the GUI using Qt. To design the interface, QtDesigner was used, thus allowing the
development of an ergonomic and intuitive design for users. Our dashboard features a
set of information panels, each providing essential vehicle data (Figure 3).

WELLCOME| 12:08:11

Fig.3. Main dashboard screen

The main panel displays data related to engine temperature, battery terminal
voltage, battery capacity and current consumed (Figure 4 and Figure 5).

WELLCOME| 20:36:01

Curent Status
+ Current: 27 A

W Voltage: 74 V

f Temperature: 44 °C

e O

Fig.4. Screen for viewing speed, battery voltage, current consumed and engine temperature
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Fig.5. Graphic representation of the engine temperature evolution

This critical information is updated in real time, allowing users to monitor the
condition of the vehicle throughout its life. An innovative element of this dashboard is
the integration with the Lidar sensor. This sensor plays a crucial role in creating an
efficient and safe autonomous navigation system. Through the Lidar sensor, the
dashboard can retrieve relevant data about the vehicle's environment and provide a
graphic representation of the route followed by it (Figure 6).

{HOME WELLCOME]| 20:39:39
90°

180°

Q e O

Fig.6. The map generated using the Lidar sensor
Through this route map, users can observe in real time how the vehicle plans its

movements and adapts to different traffic situations. This advanced functionality
significantly improves user confidence and safety in self-driving systems.
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3. RESULTS AND DISCUSSION

Until now, the hardware structure of the entire system has been successfully
implemented and relatively good results have been obtained in a simulation of the entire
autonomous driving algorithm made in Matlab Simulink. The algorithm is structured
into 9 main design and simulation steps as follows. Making a map of the physical space
where the electric vehicle will follow a route, this being done with the Lidar sensor, as
can be seen in Figure 7.

Fig.7. Map resulting from the use of the system based on the LIiDAR sensor [11]

Then based on a part of the map of the studied premises, a simple algorithm was
implemented in the Matlab Simulink simulation environment that generated the
trajectory of the autonomous electric vehicle in the form of a sequence of coordinate
points (X, y) in the plane. The generated trajectory is shown in Figure 8 [11].

1 1
0 10 1 0 ] » o

Fig.8. The map generated using the Lidar sensor

148



COSMIN RUS, MONICA LEBA

The entire process of driving an autonomous electric vehicle was thought to
follow the following steps: checking the position of the electric vehicle in relation to the
trajectory, reading the position of the electric vehicle with the help of a localization
system, orienting the electric vehicle to the desired trajectory, imposing the necessary
position on the proposed trajectory, determining the direction angle of the electric
vehicle, actuating the servomotor coupled to the steering as well as the drive motor and
last but not least avoiding obstacles.

In order to simplify the simulation model made in Matlab, it was considered that
when encountering an unforeseen obstacle while traveling an imposed route, the electric
vehicle will stop. In the first sequences of the realized Matlab program, the number of
points on the imposed trajectory represented in a 2D plane (16 points) were defined, then
the X,y pairs related to each point and the starting point of the electric vehicle were
defined. The speed of the electric vehicle was considered to be 3 m/s, approximately 10
km/h. With the help of a minimum algorithm, the closest point on the imposed trajectory
and the distance from the initial position of the electric vehicle were determined. The
angle a was determined, which represents the angle of movement of the electric vehicle's
steering wheel required to reach a certain point on the imposed route, as well as the time
required to move from one point to another on the defined trajectory. The simulation
results for an imposed route represented in Figure 9 are satisfactory and can be taken
into account when implementing an autonomous navigation system on an electric
vehicle [11].

Fig.9. Navigation route imposed

Figure 10 shows the graph of the change in angle a for each pair of points
separately, as well as the graph showing the time required to travel a distance between
two points on the imposed trajectory. It is thus possible to carefully analyze the evolution
of angle o according to each distinct point on the trajectory, highlighting the differences
between its values for various pairs of points. The graph reveals how the angle a varies
depending on the route taken, allowing a deeper understanding of the vehicle's behavior
on the predetermined trajectory. In addition to this aspect, the time required to cover the
distances between the points on the trajectory can also be seen in the graph. This graph
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shows the relationship between the distance traveled and the time required to perform
this operation, providing an insight into the vehicle's performance on the required route.
By combining these two aspects, a comprehensive approach is proposed to evaluate the
behavior and performance of the autonomous electric vehicle on the set trajectory. Thus,
possible deficiencies or optimizations that can be brought to the control system and the
navigation algorithm can be identified to ensure a more precise, safe and efficient
movement. These results make significant contributions to the field of autonomous
vehicles, where a good understanding of the interaction between angle a and travel time
between trajectory points is crucial for optimizing the autonomous driving experience.

Fig.10. Graph of angle o and graph of travel time distance between two points

In Figure 11, we present the simulation system that plays a crucial role in our
study. This system actually acquires the steering angle from the workspace, where it is
meticulously calculated based on the desired trajectory. Afterwards, this calculated
steering angle is skillfully translated into the precise direction of the vehicle's wheels.
The integration of this simulation system marks an essential step in our research, as it
allows us to analyze and optimize the steering behavior of the vehicle in relation to the
desired trajectory. By accurately translating the calculated steering angle into actual
wheel movements, we can assess the vehicle's ability to follow the intended path and
make the necessary adjustments to improve its overall performance. This simple
simulation system is an indispensable tool in our quest to develop and refine cutting-
edge self-driving capabilities for the smart electric vehicle.

simin Pl + |:|
. - PID{s) »

From
Wheels
Workspace |—. Add1 PID Controller

Fig.11. Simulation diagram for steering system
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In Figure 12, we illustrate a vital aspect of our research, where the comparison
between calculated and actual steering angles is shown. The blue curve represents the
steering angle values meticulously calculated based on the imposed trajectory, while the
red curve describes the real-time steering movements of the vehicle's wheels. This
representation allows us to closely observe the alignment between the desired steering
angles and the actual response of the vehicle during operation. Analyzing this data
enables us to obtain valuable information about the accuracy and effectiveness of our
steering control system.

Discrepancies or variations between calculated and actual steering angles can
provide critical feedback for further refinement and optimization of our self-driving
capabilities. By striving to minimize the gaps between the two curves, we aim to increase
the precision and reliability of the vehicle's direction, consequently improving its ability
to faithfully follow the imposed trajectory.

|
Fig.12. Steering simulation results

Figure 13 and Figure 14 show the difference between the imposed trajectory and
the trajectory achieved by the autonomous electric vehicle if its starting point is inside
the imposed trajectory and if the initial position is outside the imposed trajectory.
Satisfactory results are observed even if the two curves do not overlap perfectly, the
algorithm presenting some errors, something that can be improved by choosing more
points to define the imposed trajectory. The curve of the trajectory made on the basis of
the trajectory imposed using this algorithm is then superimposed over a certain area on
the map of the studied space obtained with the help of the system based on LiDAR
mapping and after it is established that the simulated route falls perfectly over the
mapped area considering also a certain safety zone in relation to its proximities (the
safety space in the industrial environment is usually considered 10%), the algorithm can
be implemented in the software structure of the system thus obtaining an autonomous
driving system.
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Fig.13. The result of the simulation of the autonomous driving algorithm for the case where the
initial position of the vehicle is inside the imposed trajectory [11]

Tralectons realzat
Teaisctons imouss

Figl14. The result of the simulation of the autonomous driving algorithm for the case
where the initial position of the vehicle is outside the imposed trajectory [11]

Undoubtedly, the algorithm used in our study presents some errors when it
comes to accurately achieving an imposed trajectory. However, it is important to note
that despite these challenges, the algorithm remains a valuable asset that can be
effectively integrated into the functional system of an electric vehicle. This integration
is made possible by incorporating a sophisticated communication and location system
along with a state-of-the-art LIDAR mapping system [12, 13]. As a result of this
comprehensive integration, we successfully transform the electric vehicle into an
autonomous entity.

The use of this algorithm in the functional system of our electric vehicle
represents a significant step in this stage of research and development [14]. It lays the
foundation for a fully autonomous electric vehicle that can navigate any type of
environment with far above average precision and safety. Although some errors persist,
they serve as valuable learning opportunities to refine and optimize the algorithm.
Continuous improvement, guided by real-world data and feedback, is essential to
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enhance vehicle autonomy and ensure smooth tracking of the imposed trajectory. With
the convergence of advanced communication, localization and mapping technologies,
we can achieve an autonomous electric vehicle. The culmination of these efforts will
ultimately lead to greener, safer and more efficient transport, revolutionizing the way we
travel and shaping a sustainable future for generations to come [15].

4. CONCLUSIONS

This paper stands out for its dual focus on developing a precise steering control
system, enhanced by a suite of sensors and a closed-loop algorithm, and a sophisticated
software algorithm for autonomous navigation, underpinned by Matlab Simulink
simulations and Lidar sensor data for environmental mapping. The cornerstone of this
research is the hardware prototype, which employs a microcontroller and Lidar sensor
to achieve exact steering control, crucial for the vehicle's precise maneuvering. This
system's flexibility and modularity are highlighted, allowing for upgrades and
adaptations as technology progresses. The integration of an interactive dashboard that
displays vital performance metrics such as motor temperature, battery voltage, and
current consumption in real-time further exemplifies the hardware's role in enhancing
vehicle monitoring and safety. Parallelly, the software component's innovation lies in its
algorithm for autonomous navigation. The algorithm, validated through simulations,
utilizes Lidar-generated maps and defined coordinates to navigate the vehicle
autonomously within a predefined trajectory, showcasing adaptability to environmental
changes. The research illustrates the algorithm's capability to guide the vehicle
efficiently, marking a significant step towards autonomous indoor mobility. The paper's
findings contribute significantly to the field by demonstrating the successful integration
of hardware and software systems for autonomous electric vehicles. It underscores the
importance of a harmonized approach to vehicle design, where steering systems,
navigation algorithms, and real-time monitoring coalesce to create a vehicle capable of
intelligent autonomous operation in indoor environments. This research's implications
extend beyond academic interest, offering insights into practical applications for
autonomous electric vehicles in industrial, commercial, and residential settings. It lays a
foundation for future advancements in autonomous mobility, emphasizing the need for
continuous innovation in hardware and software development. The study serves as a
testament to the potential of integrated technologies in transforming transportation,
making strides towards safer, more efficient, and environmentally friendly autonomous
vehicles.

REFERENCES

[1]. MarcusR., Rus C., Leba M., Risteiu M., Electric vehicles between recycling and
sustainable development-@. ro, In International Conference on Computers Communications and
Control, pp. 47-62, Cham: Springer International Publishing, 2022.

[2]. Ajao Q., Sadeeq L., Overview analysis of recent developments on self-driving
electric vehicles, arXiv preprint arXiv:2307.00016, 2023.

[3]. Wang R., Sell R., Rassolkin A., Otto T., Malayjerdi E., Intelligent functions
development on autonomous electric vehicle platform, Journal of Machine Engineering, Vol. 20,
2020.

153



AUTONOMOUS INDOOR NAVIGATION SYSTEM CONCEPT: HARDWARE AND
SOFTWARE INTEGRATION FOR ELECTRIC VEHICLES

[4]. Parekh D., Poddar N., Rajpurkar A., Chahal M., Kumar N., Joshi G. P., Cho
W., A review on autonomous vehicles: Progress, methods and challenges, Electronics, Vol. 11,
No. 14, p. 2162, 2022.

[5]. Rus C., Leba M., Risteiu M., Marcus R., Vehicle control modeling and
simulation for small electric car case, In 24th International Carpathian Control Conference,
Miskolc-Szilvasvarad, Hungary, pp. 388-393, 2023.

[6]. Rus C., Leba M., Negru N., Marcus R., Risteiu M., Electric vehicles in smart
grid and smart city for Petrosani case, MATEC Web of Conferences, Vol. 342, p. 05002, EDP
Sciences, 2021.

[7]. Leba M., lonica A., Dovleac R., Dobra R., Waste management system for
batteries, Sustainability, Vol. 10, No. 2, p. 332, 2018.

[8]. Rus C., Leba M., Negru N., Marcus R., Costandoiu A., Autonomous control
system for an electric ATV, In MATEC Web of Conferences, Vol. 343, p. 06003, EDP Sciences,
2021.

[9]. Rus C., Mija N., Leba M., Autonomous electric ATV using IPM based inverter
control and deep learning, In Trends and Innovations in Information Systems and Technologies,
Vol. 1, pp. 746-755, Springer International Publishing, 2020.

[10]. RusC., Leba M., Autonomous smart electric vehicle integrated into a smart grid
type system, In Benitez-Andrades, J.A., Garcia-Llamas, P., Taboada, A., Estévez-Mauriz, L.,
Baelo, R. (eds) Global Challenges for a Sustainable Society. EURECA-PRO 2022, Springer
Proceedings in Earth and Environmental Sciences, Springer, Cham, 2023.

[11]. Rus C., Leba M., Use of electric vehicles in closed spaces, Universitas
Publishing House, Petrosani, Romania, ISBN: 978-973-741-862-3, 2022.

[12]. Real-Moreno O., Rodriguez-Quifionez J. C., Ramirez-Hern&ndez L. R.,
Trujillo-Hernandez G., Flores-Fuentes W., Castro-Toscano M. J., Sergiyenko, O., Scanning
Systems for Environment Perception in Autonomous Navigation, In Scanning Technologies for
Autonomous Systems, pp. 33-66, Cham: Springer Nature Switzerland, 2024,

[13]. Silva E., Soares F., Souza W., Freitas, H., A Systematic Mapping of
Autonomous Vehicle Prototypes: Trends and Opportunities, IEEE Transactions on Intelligent
Vehicles, 2024.

[14]. Berceanu A., Leba M., Risteiu M., Mija N., lonica A., Simulation of an
autonomous car drive scenario, In 7th International Conference on Mathematics and Computers
in Sciences and Industry (MCSI), pp. 170-174, IEEE, 2022.

[15]. Ferreira M. A., Moreira L. C., Lopes A. M., Autonomous Navigation System
for a Differential Drive Mobile Robot, Journal of Testing and Evaluation, VVol. 52, No. 2, pp. 841-
852, 2024.

This article was reviewed and accepted for presentation and publication within the 11th edition
of the International Multidisciplinary Symposium "UNIVERSITARIA SIMPRO 2024".

154



Annals of the University of Petrosani, Electrical Engineering, 26 (2024)

PREBUNKING, AN EFFECTIVE DEFENSE MECHANISM
TO STRENGTHEN CONSUMERS’ CYBER AWARENESS

SIMONA RIUREAN?, TATIANA ANTIPOVA?

Abstract: In today’s digital age, especially with generative Al, several significant cyber
threats exploit the consumers' vulnerabilities. Prebunking, a proactive strategy aiming to protect
consumers from misinformation and cyber attacks, can serve as an effective defense mechanism
by exposing them to milder versions of deceptive content. Traditional reactive approaches, such
as post-incident responses and debunking misinformation, often fall short. Prebunking, on the
other hand, poses a proactive alternative, aiming to preemptively arm consumers with the
knowledge and skills needed to recognize and resist both cyber threats, and misinformation This
paper explores various prebunking methods aiming to enhance consumers' cyber defense.
Different approaches to prebunking methods and strategies are developed in this paper, aiming
to raise consumers' ability to create a stronger, more instinctive defense against cyber threats and
deep fake news, contributing to a more informed and secure digital environment for us.

Key words: cybersecurity, cyber resilience, cyber hygiene, deep fake, misinformation,
ethical phishing simulation

1. INTRODUCTION

In this increasingly interconnected world, where the internet forms the
foundation of modern life, cybersecurity has never been more critical. In today's digital
landscape, businesses, as well as consumers, are increasingly targeted by a range of
cyber threats, including phishing, malware, identity theft, and fake news by cyber
manipulation using extended misinformation and ethical phishing campaigns. The
sophistication and frequency of these attacks require innovative defense mechanisms
beyond traditional reactive measures [1].

Just as the body can be vulnerable to physical pathogens, so too are consumers
susceptible to the "viruses" such as deception, scams, stealing of sensible personal data,
identity theft, and misrepresentation. To combat these, the principles of inoculation
theory, as prebunking, are viable to be applied to cybersecurity as reliable proactive
measures. The goal of prebunking techniques applied in cybersecurity is to strengthen
consumers' psychological defenses against these attacks, making them more resistant to
manipulation by malicious actors seeking to exploit human trust and weaknesses [2].

1Ph.D.,, Eng., sriurean@yahoo.com
2Ph.D., Eng.
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The research of behavioral scientists such as William McGuire has revealed the
potential power of a preventative technique, referred to as prebunking [3]. This
approach, grounded in social psychology, seeks to inoculate consumers against the
persuasive tactics of misinformation by exposing them to the methods often employed
by those who spread disinformation, thereby rendering them more resistant to
manipulation.

The concept of prebunking involves proactive efforts to prevent misinformation
from spreading by exposing individuals to a weakened form of the argument and refuting
it in advance. As a proactive approach, it should anticipate misinformation and phishing
attacks before it can do the aimed damage. It can also be better understood as a
"psychological vaccine" against misinformation.

Rather than trying to correct false beliefs after the fact (which can be notoriously
difficult), prebunking aims to educate individuals (aka users or consumers) about
common misinformation techniques, phishing attacks and fake websites, such as cherry-
picking facts or using emotional appeals so that they are more likely to spot and question
misinformation when they encounter it [4].

Research in the psychology area has demonstrated that prebunking is an
effective counter-disinformation strategy [5]. Prebunking concept has also been already
used in various other contexts resurch such as health domain (during Covid-19
pandemic) [6,7], biotechnology [8], climate change [9, 10], energy transitions
(Geothermal Energy Systems) [11], theology field [12], earthquake predictions [13] or
public relations [14]. Also “in 2020, Twitter launched a new strategy dubbed
‘prebunking’ in hopes of pre-emptively countering false information about voting by
mail and election results. Prebunking was touted as a potential solution.” [14].

Since prebunking has been proven in many studies and different areas to reduce
susceptibility to misinformation, it can also be implemented as an effective measure to
increase consumers’ resilience against social engineering attacks. By preparing
consumers with simulated "mild" and ethical cyber threats and misinformation,
prebunking can strengthen their critical thinking skills and awareness, making them less
susceptible to real attacks. This proactive approach should help consumers to recognize
and resist more effectively to varios types of cyber threats.

A commonly used technique in misinformation cases is debunking. Debunking
corrects false information after it has already spread, but it is less effective in preventing
initial belief in disinformation. Despite the indispensable role played by debunking and
fact-checking in the battle against disinformation on various digital platforms, these
strategies possess certain limitations. The power of information to stick in our memories
and shape our beliefs can be strong, rendering the falsity we encounter stubbornly
resistant to correction, even after being presented with reliable, verifiable facts. Once a
false claim has taken root in our minds, debunking alone may not be sufficient to eject
it, leaving the door open for the continued propagation of misinformation [16]. In the
ongoing struggle against online misinformation, above common debunking methods,
Google implemented innovative solutions for prebunking. Jigsaw, a division within
Google focused on counteracting threats to open societies, has joined forces with leading
scholars from the Universities of Cambridge, Bristol, and American University to
explore the effectiveness of this approach. By addressing the problem at its source, this
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technique offers a glimmer of hope in combating the pervasive influence of deep fake
and disinformation campaigns. The effectiveness of prebunking in various contexts (as
demonstrated by research [5-14]), serves as an encouraging result that decreases the
impact of online disinformation and, in turn, shields those consumers that are most
susceptible to its negative effects [15].

Within this paper we define the general concept of prebunking, explore the
applicability of the prebunking in cybersecurity, discuss cyber threats and Al-generated
disinformation, cyber-defense measures and deep fake detector tools as well as proactive
strategies of prebunking and its application in enhancing consumers’ cyber hygiene and
best practices. We also explore its theoretical foundation, as well as various proactive
instruments as effective defense mechanisms against disinformation, fake news, and
cyber threats. Within this paper, we also aim to explore how prebunking can be used to
improve consumers' cyber hygiene by attending culturally tailored cyber awareness
training classes, ethical phishing simulations, and extended national campaigns.

2. CYBERSECURITY AND AI-GENERATED THREATS

Cybersecurity threats have grown increasingly sophisticated and widespread.
Among the most common threats are phishing, malware, identity theft, and the spread
of fake news.

2.1. Cybersecurity threats

Phishing is a subcategory of the social engineering attack that uses deceptive
messages (sent by email, SMS, voice calls, WhatsApp, QR codes) or websites to deceive
consumers into divulging sensitive personal data. It is a ubiquitous and continually
evolving threat that exploits human psychology to steal sensitive information. By
understanding its characteristics and implementing comprehensive security measures,
consumers can reduce the hazard of falling victim to such attacks. Malware, is another
prevalent threat, as malicious software can infect computers or smart devices to steal
data or disrupt system functions by compromising data integrity and system
functionality. Identity theft represents stealing and exploiting personal information for
financial gain or to commit other crimes. Identity theft causes significant financial and
reputational damage to victims.

Fake news is intentionally false or misleading material presented as news to
manipulate public opinion. It is created to influence public opinion, deceive readers, or
generate financial gain through advertising revenue [17,18].

2.2. Al-generated digital content as potential threats

As Al continues to advance at a fast speed, the specter of Al-generated
disinformation has emerged as a genuine cause for concern among researchers and
experts. Al models can now generate massive content with little to no human
involvement, posing a grave threat to the integrity of information online. Al-generated
disinformation (text, audio, images, or video - figure 1) is a rising and worrying trend

157



PREBUNKING, AN EFFECTIVE DEFENSE MECHANISM TO STRENGTHEN
CONSUMERS’ CYBER AWARENESS

that must be under continuous surveillance and closely monitored before it becomes a
significant part of the disinformation landscape. There have been several alarming
instances that serve as a reminder of the growing potential for Al to be weaponized by
malicious actors in the disinformation arena. [15].

Private Al-generated text, that is not examined based on a reliable external
verification tool, poses a risk of directly exposing consumers to incorrect or misleading
information. This danger is especially acute when Large Language Models (LLMs) rely
on controversial datasets and lack strong safety guard mechanisms.

Fig.1. Examples of Copilot Al generated images

On the other hand, public disinformation that is publicly shared Al-generated
text poses a more traditional disinformation threat. As the European Digital Media
Observatory (EDMO) underlined [19], there is a particular risk, since consumers tend to
believe that answers from chatbots based on LLMs are the most correct ones, and not
just a convincing one. Just like any technology, LLMs can be exploited for harmful
purposes. Cybercriminals could manipulate them to spread misinformation or create
toxic content, therefore, storing LLM queries online could lead to accidental exposure
or hacking, potentially compromising sensitive information.

In Al-generated images, some common evidence points to the images being not
real but created with Al technology because of the details of the image itself: hands with
fingers and nails not well undefined, both eyes even and perfectly shaped, other body
parts and objects’ shapes, and shades that are often weird, if not completely unreal [20].
The most common Al-generated images are old images that are altered to mislead
consumers in a way to get the impression of being related to current events. Because of
their quality, Al-generated images should be relatively easy to spot for experts, but also
for consumers to allow quick and effective detection and debunking, especially when an
advanced method like prebunking is used as a proactive measure. Al-generated audio
poses a scary challenge in the fight against disinformation[21]. Without the visual signs
that often aid in discerning synthetic content, it becomes increasingly difficult for the
average consumer to differentiate between human and Al-generated audio. Even
advanced detection tools struggle to identify the synthetic nature of such content. This
growing capability of Al-generated audio to seamlessly balance in with genuine human-
generated audio presents a significant threat to the integrity of data and threatens to
exacerbate the already pervasive issue of disinformation [22]. The rapid advancement of
Al-generated video technology has led to the creation of tools that produce increasingly
realistic and convincing videos. A notable example is the upcoming Sora by OpenAl,
which can generate videos from simple text prompts [23].

This development raises significant concerns about the misuse of Al-generated
videos for spreading misinformation. The difficulty for average consumers in
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distinguishing between Al-generated and real videos further intensifies the threat posed
by this evolving technology.

3. CYBER-DEFENSE MEASURES AND DEEP FAKE DETECTOR
TOOLS

Traditional cybersecurity measures, play critical roles in protecting against
cyber threats, being essential to protect networks, systems, and data from cyber-attacks.
The most effective cybersecurity measures are Security Information Event Management
(SIEM), firewalls, antivirus, and anti-malware software, multi-factor authentication
(MFA), strong passwords, encryption, Intrusion Detection and Prevention Systems
(IDPS), operation system updates (OS updates), and regular software updates. This
classification of cybersecurity measures are presented in Figure 2.
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Fig.2. Cybersecurity measures for consumers

SIEM systems offer real-time analysis of security alerts generated by
applications and network hardware. They collect and analyze data from various sources
to detect suspicious activity. Splunk, IBM QRadar, and Microsoft Azure Sentinel are a
few examples of SIEM solutions for monitoring, searching, and analyzing machine-
generated big data, integrating security intelligence and event monitoring to provide real-
time visibility and actionable insights. Firewalls are network security means (software
and/or hardware) that monitor In/Out network traffic based on security rules. They act
as a barrier between a trusted internal network and untrusted external networks, such as
the Internet. For example, network-based firewalls protect entire networks by filtering
traffic at the network perimeter and host-based firewalls protect individual devices by
filtering incoming and outgoing traffic. Antivirus and anti-malware software are
programs designed to detect, prevent, and remove malicious software. They regularly
scan systems for known malware and provide real-time protection. Norton Antivirus
offers extensive protection against viruses, malware, spyware, and phishing attacks and
Malwarebytes provides advanced protection against malware, ransomware, and other
online threats. MFA enhances security by requiring two or more verification methods to
gain access to resources. This often includes something the user knows (password),
something the user has (security token), and something the user is (biometric
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verification). Google Authenticator generates Time-based One-Time Passwords (TOTP)
for MFA and Duo Security provides two-factor authentication with a second factor
delivered via mobile devices [24].

Strong passwords are essential for defending accounts and personal data from
unauthorized access. A strong password should be at least 12-16 characters long (since
longer passwords are more secure), and use a mix of uppercase and lowercase letters,
numbers, and special characters (e.g., !, @, #, $, %).

Consumers should use different passwords for different accounts to prevent a
security breach on one account from compromising others and avoid using easily
guessable information such as names, birthdays, common words, or simple patterns (e.g.,
123456, admin, gwerty). Using a paraphrase, which is a sequence of random words or a
sentence that is easy to remember but hard to guess is also a good idea. Consumers
should use a password manager to generate, store, and manage passwords securely such
as LastPass, 1Password, and Dashlane.

Encryption is converting data into a coded format to prevent unauthorized
access. It ensures that only authorized parties can read the data. Advanced Encryption
Standard (AES) is widely used as a symmetric encryption algorithm for securing data
and Secure Sockets Layer/Transport Layer Security (SSL/TLS) are protocols for
encrypting data transmitted over the internet. IDPS are systems that monitor network
and system activities for malicious activities or policy violations and can take action to
prevent or mitigate attacks.

Snort is an open-source intrusion detection and prevention system (IDPS) that
analyzes network traffic for signs of attacks and Palo Alto Networks offers integrated IDPS
capabilities within its next-generation firewalls. Keeping operating systems (OS) and
software updated with the latest patches helps protect against known vulnerabilities that
attackers can exploit. Windows update automatically delivers security patches and updates
to Microsoft operating systems and patch management solutions are tools like Ivanti and
ManageEngine help automate the patching process across various platforms [25].

Natural language processing NLP are tools that analyze and understand the
sentiment, context, and semantic structure of text. They can be used to identify potential
misinformation in text content. Al fast-checking tools cross-reference the information in
the text with a database of verified facts to identify potential misinformation. Fast-
checking tools that allow to testing of different types of digital content (text, image, audio,
and video), is a proactive defense method against cyber threats and fake news. Audio
analysis tools refer to speech-to-text conversion and speaker recognition. Speech-to-text
converts spoken words into written text that can then be analyzed using NLP and fact-
checking tools. Speaker recognition tools can identify the speaker based on their unique
vocal characteristics, being used to verify the authenticity of the audio content. Deep fake
audio detectors are tools designed to identify and mitigate the impact of synthetic audio
created using artificial intelligence techniques. These detectors are increasingly crucial as
deep fake technology becomes more sophisticated and widely accessible.

Popular deep fake audio detection tools are Resemble Al [26] which detects
deep fake audio by analyzing the characteristics of the audio files, Pindrop which uses
machine learning and signal processing techniques to analyze the audio and identify fake
or tampered files.
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Video analysis tools consist of video recognition and deep fake detection. Video
Recognition can analyze video content to identify objects, people, text, scenes, and
activities. They can also detect any modifications made to the video. Deep fake video
detectors are tools and technologies designed to identify and mitigate the impact of
synthetic videos created using artificial intelligence techniques. As deep fake video
technology becomes more sophisticated, the importance of these detectors is growing in
fields such as media, security, and public safety. Deepfake Detection uses Al to detect
deep fakes - manipulated videos that are often used to spread misinformation [27].

Various tools are very helpful in identifying and debunking misinformation.
Deepware Scanner is an app that can detect deep fake audio and video by analyzing
digital media for signs of manipulation and FakeCatcher, developed by Intel, detects
deep fakes by analyzing subtle changes in facial blood flow that are not present in
synthetic media, applicable to both audio and video [28].

FaceForensics++ is a large-scale dataset and benchmark for detecting
manipulated facial imagery, which can be used to train and evaluate detection models
[29]. DeepFacelLab while primarily a tool for creating deep fakes, it includes features
that can help identify synthetic videos by analyzing the artifacts left by its own
generation process. TruePic provides solutions for authenticating images and videos,
ensuring they have not been tampered with. Sensity Al (formerly Deeptrace) offers a
deep fake detection platform that leverages machine learning to identify manipulated
videos across various media [30].

Several platforms adhere to the International Fact-Checking Network’s codes of
principles that examine all parties and sides, examine discrete claims and reach
conclusions, track political promises, are transparent about sources and methods,
disclose funding/affiliations and their primary mission is news and information. Snopes
is one of the most popular fact-checking platforms and PolitiFact is a fact-checking
website that rates the accuracy of claims by elected officials and others.

These useful platforms are: Annenberg Public Policy Center, which consistently
produces high-rated articles, Reuters Fact Check operated by the international media
agency Reuters, the Washington Post’s dedicated fact-checking platform, the fact-
checking platform by the Associated Press, the international media agency France-
Presse, Africa’s first independent fact-checking organization with offices in Kenya,
Nigeria, South Africa, Senegal, and the UK, a West African independent verification
and fact-checking project and the first fact-checking platform in Catalonia [31].

4. PREBUNKING PROACTIVE STRATEGY

The "prebunking™ approach comprises three main key stages (figure 3). First, a
warning is issued to inform consumers of potential attempts to manipulate them and their
information ecosystem. Next, a "microdose" of the false narrative is administered,
similar to a vaccine, allowing consumers to recognize and identify similar narratives in
the future. Finally, a comprehensive repudiation of the false claims, debunking them
with factual information, completes the process. This three-pronged approach seeks to
create a psychological "immunity" against the spread of disinformation [32].
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Fig.3. Key stages of prebunking approach

Education has always been a proactive tool for solid preparation in any area,
therefore, consumers participating in cybersecurity threats awareness training sessions
is one of the most effective tools for a reliable, consistent result. Therefore, consumers
who are exposed to prebunking interventions can be better equipped to identify and resist
phishing attempts and misinformation. For example, a study revealed that prebunking
messages significantly improved participants' ability to discern fake news [33, 34].
These findings recommend prebunking as an effective tool for enhancing cyber
awareness among consumers.

The most common threats used for simulation can be ethical phishing and fake
websites. Instead of waiting for users to fall for phishing scams, prebunking can involve
showing them examples of how phishing emails look and explaining the tactics attackers
use (such as urgency or fake links). By learning these tactics in advance, users are better
prepared to identify phishing attempts in real-world situations. Consumers can also visit
fake websites examples as fraudulent websites or pages designed to steal personal
information. The training sessions must cover detailed explanations of how attackers
create legitimate-looking sites and offer tips to spot inconsistencies or red flags.

Several companies provide applications (free or by subscription) that can be
customized to mimic real-world attack scenarios, with some sophisticated tools that offer
phishing, and smishing simulations, as well as employee progress evaluation reports.
Some of the most advanced examples are Infosec 1Q’s, Gophish, LUCY — a social
engineering platform, SpeedPhish Framework (SPF), TrustedSec with the Social-
Engineer Toolkit, Phishing Frenzy with penetration testing tools, Usecure with the
uPhish platform that provides detailed analytics and reports to quantify employee
progress, Sophos Phish Threat, and so on [24]. Ethical phishing simulations prove highly
effective, particularly when organizations deploy these tests to employees regularly.
With consistent phishing simulations, employees become better at identifying the
indicators of phishing attempts and are more likely to report them to the organization,
thereby reducing the probability of successful attacks (Figure 4). Regular campaigns, as
a prebunking method of cybersecurity awareness training, must be consistently effective
for both consumers and employees.

Cybercriminals often exploit psychological triggers, like fear, greed, or urgency.
Prebunking can teach users about social engineering techniques (e.g., phishing, baiting,
and pretesting) by explaining how attackers use these tactics to manipulate behavior. By
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knowing these strategies in advance, users are more likely to think critically when
confronted with suspicious requests. Consumers can be exposed to interactive, realistic
simulations where they encounter cyber threats in a controlled environment. They would
be taught how attackers might try to deceive them and how to respond before facing the
actual risks. This training could simulate ransomware attacks, malware downloads, and
credential theft attempts, building users' defenses against these threats. Prebunking can
debunk common cybersecurity myths (e.g., "I’m not important enough to be hacked," or
"I have antivirus software, so I'm safe") before these misconceptions lead to risky
behavior. By addressing these beliefs ahead of time, users are more likely to adopt safer
practices online. Similar to how prebunking combats misinformation, it can inoculate
consumers against common scams, such as tech support fraud or online shopping scams.
Training could expose consumers to typical scam formats and show how scammers
operate. The core of prebunking is providing consumers with the tools to detect threats
on their own. By educating them about the evolving tactics of cybercriminals, they
become more resilient to attacks and can make smarter decisions without having to rely
on constant updates or reminders.

Prebunking proactive strategies consists of nine blocks: Educational Games;
Videos and Infographics; Browser Extensions; Social Media Campaigns; Interactive
workshops; Automated Alerts and Fact-Checking Bots; Media-Literacy Programs;
Prebunking Newsletters as presented in Figure 4.

EDUCATIONAL
GAMES

PREBUNKING VIDEO AND
NEWSLETTER INFOGRAPHICS
i
MEDIA LITERACY BROWSER
PROGRAMS EXTENSIONS
PREBUNKING
KEY STRATEGIES
FACT-CHECKING &~ \ SOCIAL MEDIA
BOTS CAMPAIGNES
AUTOMATED INTERACTIVE
ALERTS WORKSHOP

Fig.4. Prebunking proactive key strategies

Educational Games

By interactively engaging consumers, games like "Bad News" [36] and "Go
Viral!" [37] build awareness of common deception strategies and improve critical
thinking skills [35]. They simulate the experience of creating fake news, helping players
recognize common manipulation tactics, and allowing consumers to experience how
misinformation is created and spread. Education lays the foundation for effective adult
behavior in any field, and prebunking, as well [38].

Videos and Infographics

Prebunking infographics are visual representations that combine text and
graphics to convey information about misinformation and how to identify and counteract
it. Visual and easily digestible content can quickly educate a broad audience, making
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complex concepts more understandable and unforgettable. Therefore, engaging videos
and infographics that explain how to recognize phishing emails, fake news, and other
forms of cyber deception is some of the most effective methods used in prebunking. In
February 2024, The Federal Trade Commission (FTC), USA, proposed an amendment
to the Impersonation Rule to protect consumers against deep fake scams that leverage
Al technology. This amendment underscores the FTC's dedication to safeguarding
consumers from the potentially devastating consequences of Al-enabled impersonations.
By holding parties accountable for the misuse of their products and services, the FTC
aims to discourage future acts of deep fake fraud and maintain the integrity of digital
identities [39].

Browser Extensions

By alerting consumers to potentially misleading content as they browse, these
extensions offer immediate, practical guidance to help consumers avoid cyber traps.
Tools like "NewsGuard" and "Fakey" help consumers identify credible sources and
understand the reliability of the information they encounter online by providing real-
time information about the credibility of websites and news articles These extensions
allow real-time prebunking by alerting consumers to potentially misleading content
before they engage with it.

NewsGuard is a service that assesses the credibility of news and information
sources to help consumer s navigate the digital landscape and avoid misinformation. It
monitors and flags misinformation trends, including Al-generated content and false
narratives. For example, it has identified over 950 websites that produce content with
little to no human oversight, which are often prone to spreading misinformation. They
also maintain databases like the Misinformation Fingerprints catalog, which tracks
provably false narratives circulating online [40].

Fakey is an interactive news literacy game developed by Indiana University to
help consumers identify and debunk fake news on social media platforms. The game
simulates a social media news feed, presenting players with a mix of legitimate news
articles and those that are false or misleading. Consumers are invited to decide whether
to share, like, or fact-check each post, receiving immediate feedback on their choices to
help them learn from their mistakes and improve their media literacy skills. The game is
designed to be engaging and fun, making the process of learning about news literacy
enjoyable. Players receive feedback on their decisions, which helps them understand the
nuances of identifying credible sources versus misleading ones. It represents an
innovative approach to combating misinformation by combining education with
gamification, making it an effective tool for improving news literacy in an engaging
manner [41]. Platforms can integrate prebunking into their content moderation systems.
For example, YouTube has experimented with displaying information panels from
authoritative sources when consumers search for topics prone to misinformation, like
vaccines or climate change

Social Media Campaigns

Leveraging the extensive reach of social media, these campaigns can quickly
disseminate prebunking information to large and diverse audiences. Social media
platforms can run targeted prebunking campaigns, displaying posts or ads that educate
consumers about common misinformation tactics. Social platforms like Meta, Instagram,
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or Twitter can push prebunking messages or educational content to consumers based on
their activity and the type of information they are likely to encounter.

The BBC launched the campaign "Get Your Facts Straight” to educate
consumers on how to spot fake news through infographics, articles, and videos. The
campaign included tips on verifying sources, checking for biases, and understanding the
difference between opinion and fact [42]. Google’s “Be Internet Awesome” initiative
primarily focused on internet safety for kids; this campaign includes modules on
recognizing misinformation. It uses interactive games and activities shared on social
media to teach critical thinking skills [43]. The "Pause " Initiative by the United Nations
uses social media platforms to spread awareness about misinformation related to
COVID-19. It includes myth-busting posts, educational videos, and collaborations with
influencers to reach a broader audience [44]. The campaign "Think Before You Share"
by the European Commission focuses on the importance of verifying information before
sharing it online. It uses a mix of videos, infographics, and interactive content to educate
consumers on common misinformation tactics [45].

Interactive workshops

Prebunking interactive workshops are an effective method to educate consumers
about the tactics and strategies used in misinformation and build their resilience against
such content. These workshops aim to provide participants with the skills to recognize
and critically evaluate information, making them less susceptible to false information.

Automated Alerts and Fact-Checking Bots

Bots like "Botometer" and various fact-checking bots can analyze social media
posts in real-time, providing messages or flagging misleading content before it spreads
widely, being powerful tools in the fight against misinformation. They leverage artificial
intelligence (Al) and NLP to identify and counter false information in real time [46].
Being a proactive strategy that aims to inoculate people against harmful actions by
exposing them to the techniques used to deceive them “in advance”, prebunking can be
applied in cybersecurity awareness training for consumers. This concept, when applied
to cybersecurity domain, can help consumers better recognize and avoid threats.

5. CONCLUSIONS

This Prebunking, a proactive strategy based on inoculation theory, has solid
grounds to emerge as a promising approach to enhance cyber awareness and resilience
among digital consumers. By inoculating consumers against potential cyber threats,
prebunking can reduce the possibility of efficacious cyber-attacks. Prebunking can be
integrated into existing cybersecurity awareness training programs and extended
campaigns, providing consumers with the tools to identify and resist proactively to
different forms of cyber threats. Organizations deploy simulated ethical phishing
campaigns and misinformation exercises regularly to reinforce these skills and maintain
high levels of cyber awareness. Such training awareness strategies and campaigns should
be conceived for consumers, as well. As cyber threats continue to evolve, innovative
strategies like prebunking are essential in safeguarding consumers and maintaining trust
in the digital ecosystem. There are several methods and tools that can assist consumers
in testing, identifying, recognizing, and defending against cyber misinformation and
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cyber threats, ultimately creating a more informed and resilient digital community. As a
result of this study, we have defined the key stages of the prebunking approach. We also
designed the prebunking proactive most effective strategies that consist of nine blocks:
Educational Games; Videos and Infographics; Browser Extensions; Social Media
Campaigns; Interactive workshops; Automated Alerts and Fact-Checking Bots; Media-
Literacy Programs; Prebunking Newsletters. The positive impact of prebunking on
consumer cyber awareness can have several implications. Organizations and
policymakers should consider incorporating prebunking strategies into their
cybersecurity education programs. By proactively equipping consumers with the skills
to identify and resist cyber threats and misinformation, prebunking can enhance overall
cybersecurity.

We also concluded that the impact of misinformation, and phishing attacks can
be efficiently reduced by adapting content to specific audiences, using clear language,
and engaging consumers across multiple platforms therefore, future studies will
investigate the scalability of prebunking interventions and their effectiveness across
different cultural and demographic contexts.
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PUBLIC OPINION ABOUT THE IMPACT OF RENEWABLE
ENERGY SOURCES ON THE ENVIRONMENT OF JIU
VALLEY

ALEXANDRA SOICA?, NICOLETA NEGRU?,
RAZVAN BOGDAN ITU3, SUSANA APOSTU*

Abstract: This study examines public opinion on the environmental impact of
renewable energy sources, focusing on a comprehensive survey conducted in 2023 involving
10,000 residents aged 18 to 60. The survey consisted of 20 questions designed to gauge
opinions on energy sources and their application in both private households and public spaces.
The findings reveal that while a majority of residents are in favor of adopting renewable energy
sources, they perceive the associated costs as prohibitive. The study concludes that significant
governmental support is essential to make the transition to renewable energy viable for the
community. The research employs a structured questionnaire to collect quantitative and
qualitative data, highlighting the substantial potential for renewable energy adoption in regions
traditionally dependent on coal mining.

Key words: adoption, coal mining, energy sources, environment, renewable energy.

1. INTRODUCTION

The Jiu Valley, nestled between the Retezat and Pardng Mountains in
southwestern Transylvania, Romania, is a region with a deep-rooted industrial heritage,
primarily driven by coal mining. For over a century, the valley has been synonymous
with coal extraction, with cities such as Petrosani, Vulcan, Lupeni, and Petrila serving
as the epicenters of this industry. The region's coal mines, including Lonea, Lupeni,
Livezeni, and Vulcan, have not only shaped its economic structure but also its cultural
identity and social fabric. The coal industry provided livelihoods for thousands of
families, and the towns in the Jiu Valley grew and developed around this vital
economic activity.
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However, the coal industry in the Jiu Valley has been in decline for several
decades, facing numerous challenges such as depleted coal reserves, rising operational
costs, and increasing environmental concerns. The European Union's stringent
environmental regulations and the global shift towards reducing carbon emissions have
accelerated the closure of many coal mines in the region. This decline has led to
significant economic hardships, including job losses, population decline, and social
unrest, as the region grapples with the need to reinvent itself in a post-coal economy.

Despite these challenges, the Jiu Valley holds untapped potential for
transitioning towards a more sustainable energy future. The region’s geographical
characteristics, such as its mountainous terrain and the Jiu River, present opportunities
for the development of renewable energy sources, including hydropower, wind, and
solar energy. Additionally, the transition to green energy in the Jiu Valley is not only a
necessity driven by environmental concerns but also a strategic opportunity to
revitalize the local economy, create new jobs, and improve the quality of life for its
residents.

Green energy, or renewable energy, is derived from natural processes such as
solar, wind, and hydropower, and it plays a crucial role in reducing greenhouse gas
emissions and combating climate change. The importance of this transition is
underscored by its potential to provide significant socio-economic benefits, including
job creation, enhanced energy security, and economic diversification, as supported by
previous research [1], [2], [9], [11]. Despite these advantages, the implementation of
green technologies often faces resistance due to economic, logistical and social factors,
including the high initial costs and the need for substantial infrastructure changes

This study seeks to explore public opinion on renewable energy in the Jiu
Valley, focusing on the critical need for governmental support and active community
engagement to facilitate this transition. The research is framed within the broader
context of the 2030 Sustainable Development Agenda, which emphasizes the
importance of clean energy and the creation of sustainable communities as key global
objectives [4], [10], [12].

The adoption of renewable energy sources in the Jiu Valley offers significant
potential for mitigating the environmental impacts traditionally associated with coal
mining, such as air pollution and water contamination. Transitioning to renewable
energy could lead to improvements in local air quality, conservation of water
resources, and the promotion of sustainable economic development. These changes
align with global efforts to reduce carbon emissions and achieve sustainable
development goals [3], [13]. However, realizing this potential requires overcoming the
socio-economic challenges and addressing the perceptions and concerns prevalent
among the local population. This study aims to provide insights into these challenges
and offer recommendations for fostering a successful energy transition in the region.

2. MATERIALS AND METHODS
The study employed a structured survey method to comprehensively assess

public attitudes towards renewable energy in the Jiu Valley. Recognizing the region's
historical dependence on coal mining and the growing importance of transitioning to
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sustainable energy sources, the survey was meticulously designed to capture a wide
range of data relevant to this transition. The survey aimed to gather insights into not
only the public's attitudes towards renewable energy but also the socio-economic and
demographic factors that influence these attitudes.

The survey was structured into 20 questions, strategically divided into four
main categories to provide a holistic view of the public's perceptions:

Residence Characteristics and Energy Consumption: This section focused on
gathering detailed information about the respondents' living conditions, including the
type of residence, size of the household, and patterns of energy consumption.
Questions in this category aimed to establish a baseline understanding of how energy is
used within households, which is critical for assessing the potential impact of adopting
renewable energy sources.

Expenditures: This category sought to understand the financial aspects of
energy consumption, including monthly energy bills, expenditures on heating, and any
investments made in energy efficiency measures. Understanding the economic burden
of energy costs on households is essential for evaluating the feasibility of transitioning
to more sustainable energy options.

Green Energy Adoption: Questions in this section explored the respondents'
awareness of and attitudes towards green energy technologies, such as solar panels,
wind turbines, and energy-efficient appliances. The survey also investigated the extent
to which residents have already adopted or are willing to adopt these technologies in
their homes.

Perceptions of Cost and Feasibility: This final category delved into the
perceived barriers to adopting renewable energy, focusing on the costs associated with
green technologies and the perceived ease or difficulty of implementing these
solutions. This section aimed to identify the key factors that may hinder or promote the
adoption of renewable energy in the Jiu Valley.

Data was collected from a large sample of 10,000 residents across the Jiu
Valley, achieving a valid response rate of 85.6%, which resulted in 8,562 responses.
The survey population was carefully stratified to ensure that the sample was
representative of the Jiu Valley's diverse demographics. Stratification was based on
key variables such as age, gender, household size, and employment status. This
approach ensured that the findings could be generalized to the broader population of
the Jiu Valley.

The demographic breakdown of the respondents included a balanced
representation of men and women, a range of age groups, and varied household sizes.
Employment status was also considered, reflecting the economic diversity of the
region, which includes both employed individuals and those who are unemployed,
retired, or students. This comprehensive sampling approach provided a robust dataset
for analyzing public attitudes towards renewable energy.

The structured survey method was chosen for its ability to collect large
amounts of data from a broad population efficiently. This approach is particularly
advantageous in a region like the Jiu Valley, where diverse opinions and experiences
with energy consumption need to be captured to inform effective policy and decision-
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making. The standardized format of the survey ensured consistency in data collection,
allowing for a clear comparison of responses across different demographic groups.

However, the method is not without its limitations. One potential drawback is
the reliance on self-reported data, which can introduce biases, such as the tendency of
respondents to provide socially desirable answers rather than fully accurate ones.
Additionally, while the survey was designed to capture a wide range of opinions, the
standardized nature of the questions may not fully capture the complexity and nuance
of individual attitudes towards renewable energy.

To mitigate these limitations, the survey design incorporated best practices
from similar studies on public attitudes towards renewable energy [5], [6], [13]
ensuring that the questions were both relevant and clear to the respondents.

Overall, the survey method provided valuable insights into the current state of
public opinion on renewable energy in the Jiu Valley, offering a solid foundation for
understanding the challenges and opportunities associated with transitioning to a more
sustainable energy model in the region.

3. RESULTS AND DISCUSSION
The study yielded important insights into the acceptance and adoption of

renewable energy sources in the Jiu Valley, revealing both the challenges and
opportunities that exist within this historically coal-dependent region.

The average amount energy consumptionin a house
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Fig. 1. The energy consumption in a house
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The demographic analysis of the survey respondents provided a snapshot of the
Jiu Valley's population. The survey revealed a slightly higher proportion of men (51%)
than women, reflecting the gender dynamics of a region historically shaped by its coal
mining industry. The majority of residents live in apartment buildings (89.8%), with
70% concentrated in central urban areas such as Petrosani, Vulcan, and Lupeni. This
urban concentration suggests a population accustomed to centralized infrastructure,
which can both aid and complicate the transition to decentralized renewable energy
systems.

One of the most significant findings was the low implementation rate of
energy-saving measures among the population. Despite the region’s harsh winters and
the rising costs of energy, 70% of households reported lacking basic energy efficiency
upgrades, such as thermal insulation and energy-efficient windows.

This gap in energy efficiency highlights a major barrier to reducing energy
consumption and transitioning to renewable energy sources. The primary reasons cited
for this lack of adoption were the high costs associated with retrofitting existing
buildings and the logistical challenges posed by the region’s aging infrastructure.
These findings echo concerns raised in earlier studies [2] about the financial and
practical hurdles of improving energy efficiency in established urban environments.

Information about green energy

have have no refrain have have
knowledge knowledge sufficient excellent
knowledge knowledge

Fig. 2. Information about green energy

While there is a general awareness of the environmental benefits associated with
green energy, the study uncovered significant resistance to its adoption. Notably, 60%
of respondents expressed opposition to implementing renewable energy technologies,
such as solar panels or wind turbines. The primary reason for this opposition was the
perceived high cost of these technologies, which many residents felt was beyond their
financial reach. This resistance is indicative of a broader challenge in the Jiu Valley:
while the concept of green energy is recognized and even supported in theory, the
practicalities of adoption—especially the upfront costs—present a formidable obstacle.

The findings underscore the critical need for targeted policies and financial
incentives to overcome the barriers to energy efficiency and renewable energy
adoption in the Jiu Valley. The high costs and logistical difficulties associated with
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retrofitting existing buildings are significant challenges that must be addressed if the
region is to successfully transition to a more sustainable energy model. Additionally,
the opposition to green energy adoption due to cost concerns suggests that there is a
need for greater public education and engagement, particularly around the long-term
economic benefits of renewable energy, such as reduced energy bills and increased
energy independence.

The adoption of green technologies in people homes
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Fig. 3. The adoption of green technologies in people homes

The study also revealed a "not in my backyard" (NIMBY) attitude among
some residents, who acknowledge the need for renewable energy but resist its
implementation near their homes. This resistance is often fueled by misinformation and
skepticism about the feasibility and benefits of green technologies [1]. The lack of
widespread adoption of energy-saving measures indicates a need for more effective
public education campaigns and financial incentives to overcome these barriers.

Furthermore, the finding that 1 in 3 citizens selectively heat parts of their
homes to manage energy costs underscores the potential for targeted interventions to
promote energy efficiency. Financial incentives, combined with community-based
education initiatives, could play a critical role in shifting public opinion and behavior
towards more sustainable energy practices.

4. CONCLUSIONS

The findings from the study reveal both the potential for renewable energy
adoption in the Jiu Valley and the significant barriers that must be addressed to realize
this potential. While the region is well-positioned to transition to a more sustainable
energy model, several challenges stand in the way, including the high costs of
implementation, a lack of comprehensive information, and socio-economic factors that
shape public attitudes towards renewable energy.
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The study highlights that the financial burden associated with adopting
renewable energy technologies is one of the most significant obstacles for residents of
the Jiu Valley. The initial costs for installing solar panels, wind turbines, or other green
energy systems are perceived as prohibitively high by many households, particularly in
a region that has historically relied on coal and where economic conditions are often
constrained. This financial barrier underscores the need for targeted interventions such
as government subsidies, low-interest loans, or other financial incentives that can lower
the entry cost for households and businesses.

Another critical barrier identified is the lack of comprehensive information
available to residents regarding the benefits and feasibility of renewable energy
technologies. The study suggests that many residents are not fully aware of the long-
term savings and environmental benefits associated with green energy, leading to
skepticism and resistance. This gap in knowledge contributes to the prevalence of
misconceptions and a lack of enthusiasm for renewable energy projects. To overcome
this, there is a clear need for educational campaigns and outreach programs that
provide accurate, accessible information about renewable energy and its potential
benefits for the Jiu Valley.

The study also identifies socio-economic factors, including the prevalence of
NIMBY (Not In My Backyard) attitudes, as a significant challenge. These attitudes
reflect a resistance to the implementation of renewable energy projects in the
immediate vicinity of residents, often due to concerns about property values,
aesthetics, or perceived inconveniences. Additionally, the demographic profile of the
population, which includes a high proportion of residents living in older apartment
buildings, further complicates the widespread adoption of renewable energy
technologies. The combination of these socio-economic factors and the physical
infrastructure of the region necessitates a tailored approach that considers the specific
needs and concerns of the local population.

To address these challenges and enhance the acceptance and implementation of

renewable energy technologies, the study suggests a multi-faceted approach. This
approach should involve:
Government Support: Active governmental involvement is crucial in creating a
supportive policy environment that incentivizes renewable energy adoption. This could
include financial subsidies, tax breaks, and regulatory support for both individuals and
businesses investing in green energy.

Targeted Financial Incentives: Specific financial programs tailored to the
needs of the Jiu Valley's residents are necessary to overcome the cost barriers. These
could include grants, low-interest loans, or even direct financial assistance for lower-
income households to make renewable energy technologies more accessible.
Community Engagement: Engaging the community through public consultations,
educational campaigns, and participatory planning processes is essential to build trust
and address the socio-economic factors that contribute to resistance. By involving
residents in the decision-making process and addressing their concerns directly, it is
possible to mitigate NIMBY attitudes and foster a more positive outlook towards
renewable energy projects.
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In conclusion, while the Jiu Valley has substantial potential for adopting
renewable energy, realizing this potential requires addressing significant barriers
related to cost, information, and socio-economic factors. A comprehensive, multi-
faceted approach that includes strong government support, targeted financial
incentives, and robust community engagement is essential for overcoming these
challenges. By addressing these specific issues, there is considerable potential to
enhance the acceptance and implementation of renewable energy technologies in the
Jiu Valley, contributing to the broader goals of sustainable development and the
transition to a low-carbon economy.
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Abstract: Creating an interior electrical installation for lighting and sockets is a rigorous
endeavor that must comply with current regulations and standards in the field. For this, it is
necessary to draft a technical project that includes the designed situation and calculation briefs to
determine the parameters of the installation. This paper succinctly presents the realization of
interior electrical installations for lighting and outlets in the Electroenergetics Laboratory
("Laboratory L1") in Building A of the University of Petrosani and its adjacent rooms.

Keywords: electrical installation, modernization, standards, calculations, protections.

1. INTRODUCTION

The discovery of electrical energy and the ways it can be utilized have
represented essential turning points in the progress and development of human
civilization. Today, electrical energy is indispensable in all aspects of life and human
activities, offering a series of advantages compared to other forms of energy [1], [23]:

- production under economically favorable conditions in power plants;

- rapid—practically instantaneous—and economical transmission of energy over
long distances through overhead and underground transmission lines;

- economical distribution to a large number of consumers with different power
requirements;
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- efficient and advantageous transformation possibilities of electrical energy into
other forms of energy (mechanical, thermal, etc.), even at the consumption site,
with high efficiency.

Regarding the specific provisions for the design and execution of low voltage
electrical installations in Romania, these are generally legislated through the technical
regulation ""Norm for the design, execution, and operation of electrical installations
related to buildings™, indicated as 7. The most recent edition of this norm was approved
in 2011 by an Order of the Minister of Regional Development and Tourism, published
in the Official Gazette of Romania No. 802 bis on 14.11.2011, and was modified and
supplemented by the Order of the Minister of Development, Public Works and
Administration No. 959/18.05.2023, published in the Official Gazette of Romania No.
512 on 12.06.2023 [2]. The 17-2011 norm was mainly developed based on the SR HD
60364 series of standards. Additionally, in the design and execution of lighting electrical
installations, the provisions of the technical regulation ""Norm for the design and
execution of artificial lighting systems in buildings™, indicated as NP-061-02, are also
taken into account [3], [24], [25], [29].

2. EXISTING SITUATION

The main building of the University of Petrosani, known as "Building A," was
constructed between 1949 and 1952. The internal electrical installations were designed
and executed according to the technical regulations valid at that time, which are now
technically outdated.

Fig. 1. Electrical panel from the years 1949-52, in an open construction

The electrical circuits were made with cables and conductors insulated with
rubber and jute, lacking fire-resistant properties, and in some cases, with smaller cross-
sections than those specified by current regulations. Most of the electrical panels were
built in an open construction on marble supports, equipped with fuses and switches that
are also in open construction and unprotected (see fig. 1) [4]. The installations were sized
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for the electrical energy consumption of that period when the number of electrical
devices was much lower than it is today. Considering the need for the electrical
installations to support the state-of-the-art laboratory equipment intended to be acquired
for the modernization of the educational spaces, the urgency of replacing the old
electrical installations of the Laboratory L1 complex becomes fully justified [26], [28].
The L1 Laboratory complex includes the following rooms:

- the main laboratory;

- the office of the teaching staff;

- the office of the laboratory staff;

- the technical annex.

3. PROJECTED SITUATION
3.1. Specifications document

The first step in modernizing the electrical installations of Laboratory L1 and its
associated rooms is the preparation of a project for the new electrical installations for
lighting and power. For this purpose, a specifications document has been prepared,
outlining a series of requirements, such as: determining the number and placement of
electrical panels, lighting and power electrical receptors, as well as their installed power
and their mode of operation and usage. The main provisions of the specifications
document are summarized in the following paragraphs [27], [30].

3.1.1. Electric power supply

For the electric power supply, the two existing electrical panels in the old
installation will be used: the main electrical panel (MEP), located in the basement
technical hallway, and the secondary electrical panel, located in the laboratory hallway,
which will be renamed SEP-1. The two old electrical panels at the mentioned locations
will be decommissioned, and new panels equipped with modern protection devices,
chosen in accordance with current technical regulations, will be installed in their places.
In addition to these two panels, a new secondary electrical panel, named SEP-2, will be
installed in the laboratory. The secondary electrical panels SEP-1 and SEP-2 will be
powered from the main electrical panel MEP through two three-phase electrical columns
with 5 conductors (L1, L2, L3, N, PE), appropriately sized and installed underground in
the existing cable ducts [5], [31].

3.1.2. Lighting electrical installations
Both normal and emergency lighting installations will be implemented. For the
normal lighting installations, the placement of existing lighting fixtures will be

maintained. Within the laboratory room, lighting will be supplemented with 8 wall-
mounted sconce-type fixtures, installed on the eastern and western side walls.
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Fig. 2. The electrical plan for normal lighting installations

The normal lighting installation will consist of two circuits:
- lighting circuit LC-1, containing the lighting fixtures in the laboratory's annex
rooms;
- lighting circuit LC-2, containing the lighting fixtures in the laboratory.
The lighting fixtures will be LED, point-type, chandelier and/or sconce-type,
mounted on ceilings and/or walls.
The emergency lighting installation will consist of one emergency lighting
circuit LC-3 and will include emergency lighting fixtures with local battery for
evacuation, signaling, and panic [6].
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3.1.3. Electrical installations for single-phase sockets

To supply power to the electrical appliances and devices, several socket outlet

circuits will be implemented as follows:

circuit SC-1 in the laboratory staff office;
circuit SC-2 in the technical annex;
circuit SC-3 in the teaching staff office;
circuits SC-4 and SC-5 in the laboratory.
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3.1.4. Electrical installations for powering specific
teaching equipment in the Electroenergetics Laboratory

In order to power the educational apparatus and equipment that will be acquired
and installed in Laboratory L1, a total of 8 power supply blocks with protection (PSBPS)
will be provided. These will essentially function as capsulated type electrical panels,
each equipped with two three-phase sockets outlets and three single-phase sockets
outlets. Each socket outlet will be locally protected by miniature circuit breakers
(MCBs).
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3.2. Preparations for electrical plans

The preliminary stage for preparing the electrical plans consisted of creating the
survey drawing. The electrical plans were developed by tracing the electrical circuits and
positioning the distribution boards, lighting fixtures, and terminal equipment on the
survey drawing. Three electrical plans were prepared [7]:

- electrical plan for normal lighting installations (Fig. 2);
- electrical plan for emergency lighting installation [8] (Fig. 3);
- electrical plan for single-phase socket outlets installations (Fig. 4).

The symbols used in the electrical plans are explained in Fig. 5, and the legend
of abbreviations used in the electrical plans and the purpose of each circuit are detailed
in Table 1 [9].

‘ Electric panel

#{ Single-phase socket with protective earth

w4 Three-phase socket with protective earth

3 Switch

Push-switch

X LED lamp for mounting on/under the ceiling

Wall mounted LED lamp

' Power supply block with protection PSBP

Junction box and/or appliance box

‘ Emergency LED lamp

Fig. 5. Syr;bols used in the preparation of electrical plans

Table 1. Legend of abbreviations and the purpose of electrical circuit destinations

Abreviation Component element of the electrical installation
MEP Main Electric Panel
SEP-1 Secondary electric panel no. 1
SEP-2 Secondary electric panel no. 2
SC3/504 Example notation: unit of 2 modular socket outlets no.4, mounted
2 in a common device box, connected in socket circuit SC-3
LC3/L8 Example notation: Emergency evacuation lighting fixture no. 8
3w from emergency lighting circuit LC-3, with a nominal power of
Evacuation 3w
LC3/L7 Example notation: Emergency panic lighting fixture no. 7 from
P3W emergency lighting circuit LC-3, with a nominal power of 3W
anic
LC3/L4 Example notation: Emergency hydrant signage lighting fixture
3w no. 4 from emergency lighting circuit LC-3, with a nominal
Hydrant signage power of 3W
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Example notation; unit of 3 modular push-button switches,
mounted in a common device box, connected in lighting circuit
LC-2:

- sl, for controlling lighting fixtures L1...L9

- s2, for controlling lighting fixtures L10-L11

- 83, for controlling lighting fixtures L12...L.19

s1 s2 s3
L1-9L10-11L12-19

LC2

LC1/L7 Example notation: Lighting fixture number 7 from normal
30W lighting circuit LC-2, with a nominal power of 30W.
LC1/s5 Example notation: Modular toggle switch no. s5, for controlling
L6,7 lighting fixtures L6 and L7, mounted in normal lighting circuit
LC-1.
PSBP-2 Three-phase power supply block with protection no. 2

4. TECHNICAL MEMORANDUM

4.1. Preparing the calculation summary and configuring the electrical
Installation

4.1.1. Normal Lighting Installation

In the case of lighting installations, the illumination level on the work

plane is determined by NP-061-02 [3].

To determine the characteristics of lighting installations, the following
data will be used:

- ha - height of suspension of lighting fixtures (m);

- hy - height of the working plane (m);

- H-room height (m);

- h-free height (m);

- L-room length (m);

- | -room width (m);

- i-room index;

- @ - luminous flux falling on a reflecting surface (walls or ceiling) (Im);

- @ - reflected luminous flux inside the room (Im);

- p -reflection factor;

- u - utilization factor, provided in the technical sheets of lighting fixtures;

- Mk - maintenance factor;

- Em - average illuminance of the room;

- @req — luminous flux required for a room;

- @ump - luminous flux of a lighting fixture. In the case of LED fixtures with a
matte cover, if the value of ®@pmp IS NOt provided in the product's technical
specifications, it is determined by multiplying the nominal power of the lamp by
80;

- s—area of the room (m?);

- n—number of light sources;
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Free height is calculated using the equation (1):

h=H-h,-h, 1)
Room index is calculated using the equation (2):

1= h(LL*il) (2)
Reflected luminous flux inside the room is calculated using the equation (3):

=D *p @)
Luminous flux required for a room is calculated using the equation (4):

=2 @
Number of light sources is calculated using the equation (5):

= o (5)

dlamp

For this project, a working plane height of h,=0.7 m was adopted, specific to
room where intellectual activities are conducted.

The reflection factors considered for this project are:

- for educational rooms: pceiling = 0.7; pwais = 0.5;
- for the technical annex: peeiling = 0.5; pwans = 0.3.
The maintenance factors con5|dered for this project are:
- for educational rooms: Mr =0,8;
- for the technical annex: Mg = 0,7.

Regarding the average illuminance level Em, the rooms in this project are
considered to have visual tasks with specific visual requirements, and the Em value
considered is 1000 Ix, according to Table 7.1 of NP-061-02 [3].

The light sources used will be LED technology, requiring the selection of a light
color appropriate to the type of activities performed. In terms of emitted color, there are
three groups of light sources [10, 11]:

the group of light sources that emit warm light, with a yellowish-white hue,

having a color temperature of less than 3000K (typically Tk= 2700K);

- the group of light sources that emit neutral light (sometimes called "natural
light"), with a white hue, having a color temperature between 3000-4000K;

- the group of light sources that emit cool light, with a bluish-white hue, having a
color temperature of Tk= 6000K.

For the educational activities specific to the spaces covered by this project, it is
recommended to use lighting fixtures with a color temperature of T,=4000K.
Additionally, these lighting fixtures must ensure visual protection for the users.

The data resulting from the calculations are synthesized in Table 2 [12, 13].
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Table 2. Calculation of normal lighting installation

Circuit Room Lighting fixtures
abrevia- Ceiling-mounted Wall-mounted
tion Number | Nominal Total Number | Nominal Total
power | nominal power | nominal
power power
LC-1 Main hall - - - 1 30 30
LC-1 Hol 1 50 50 1 30 30
LC-1 Technical 1 50 50 - - -
annex
LC-1 Lab 1 50 50 - - -
technicians
office
LC-1 Teaching 2 30 60 - - -
staff office
LC-2 Laboratory 9 50 450 10 30 300

4.1.2. Emergency lighting installation

For emergency lighting, the option chosen is to use LED luminous
block-type fixtures with continuous operation, equipped with local batteries and
having a nominal power of 3W. The lighting fixtures will be intended for:

- emergency evacuation lighting, for fixtures installed above access ways and/or
evacuation routes;

- panic emergency lighting, in the technical annex, which lacks natural lighting;

- emergency lighting for the interior fire hydrant signage, located in the hallway.

Connection to the network and protection of the lighting fixtures will be
done in the MEP.

4.1.3. Determining the electrical parameters of the installation

Within the calculation summary, the following data were used [12]:

- U - line voltage = 400 V AC;

- Us - phase voltage = 230 V AC;

- cos @ - power factor; for this project, a value of cosp = 0.92 was considered [13];

- L -circuit length (m);

- s -conductor cross-section (mm2);

- Pi-installed power (W);

- ks - simultaneity coefficient;

- k- utilization coefficient;

- P: - instantaneous absorbed (required) power (W);

- Iy - nominal current of the circuit breaker;

- Iy - instantaneous absorbed (required) current (A);

- I, - permissible current according to the chosen reference mounting method (B2)
(from Annex 5.10 of 17-2011) [2];

186



FLORIN MURESAN-GRECU, FLORIN GABRIEL POPESCU, MARIUS DANIEL MARCU,
DRAGOS PASCULESCU, MIRCEA RISTEIU, TEODORA LAZAR

- ki - ambient temperature factor, from Annex 5.18 of 17-2011 [2]. For this
project, an ambient temperature of 25°C was considered, which corresponds to
a value of k; = 1.06;

- ko - group reduction factor, from Annex 5.19 of 17-2011 [2]. In this project, the
most unfavorable situation is with 3 grouped circuits, which corresponds to a k>
factor value of 0.7;

- la - maximum permissible current in continuous operation (A);

- Ay - voltage drop expressed as a percentage;

- pcu - electrical resistivity of copper = 0.0175 Qmm?/m;

- Z.- direct fault loop impedance phase-neutral L-N (Q);

- Z_pe - direct fault loop impedance phase-earth L-PE (Q);

- IscLn - direct short-circuit current phase-neutral L-N (A);

- IscL-pe - direct short-circuit current phase-earth L-PE (A);

- Rp - dispersion resistance of the local ground electrode, presumed to be 4.
The requested power P; was determined using the equation (6):

Pr=Pi*ks*ky (6)

The sizing of the circuits was done based on the required current Ir, ensuring
that the equation (7) is satisfied:
I <I<I, (7

The maximum permissible current in continuous operation was determined
using the equation (8):
la=1.*k * ke (8)

The minimum cross-section of copper conductors is 1.5 mm? for lighting circuits
and 2.5 mma2 for socket circuits, even if calculations suggest the possibility of choosing
smaller cross-sections [2]. The reference installation method for the circuits in this
project, determined from Annex 5.6 of 17-2011, is B2. From Annex 5.10, the values of
the maximum permissible currents were determined, taking into account the most
unfavorable conditions [2].

The required current Ir was determined for each circuit using equation (9) and

(10):
For one-phase circuits:
_ Pr
Ir_Uf-cosgo (9)
For three-phase circuits:
—_ PT
I = V3:-Upcosp (10)

For the protection of the circuits were selected circuit breakers with standardized
nominal current values In, each immediately higher than the corresponding Ir values,
ensuring that these values satisfy equation (7) for each circuit [14].

The voltage drops expressed as a percentage were calculated for the longest
circuits. For single-phase socket circuits, circuit SC-3 has the biggest length of 15 m,
between panel SEP-1 and socket outlet SC3/SO5. For normal lighting circuits, the
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section with the biggest length of 20 mis in circuit LC-2, between panel SEP-2 and lamp
LC2/L19. Regarding three-phase circuits, the section between panel SEP-2 and PSBP-8
is the longest, measuring 19 m.

The maximum permissible voltage drops expressed as a percentage are 3% for
lighting circuits and 5% for socket circuits [2, 15, 16]. The calculation of the voltage
drops expressed as a percentage was carried out using equations (11) and (12):

For one-phase circuits:
_2:100Iy"Lcos@-pcy

AUs = (11)
Uf'S
For three-phase circuits:
AU, :\/5-100-In-L-cosgo-pCu (12)
Urs

The values determined by calculations using equations (11) and (12) for voltage
drops are: 1.87% for the lighting circuit; 1.3% for single-phase socket circuits and 0.93%
for three-phase socket circuits. These values are below the maximum limits provided by
17-2011 [2, 17].

For the correct selection of the type of miniature circuit breakers (MCBSs) in the
electrical panels, in addition to their nominal current, it is necessary to determine the
time-current characteristics of each circuit breaker. These characteristics, also known as
tripping curves, show the time in which a circuit breaker trips depending on the value of
the overload current it is subjected to. The most common tripping curves of circuit
breakers used in residential areas are as follows (fig. 6) [10, 18, 19]:

- curve B, where the circuit breaker trips when a current between (3-5) * I, passes;

- curve C, where the circuit breaker trips when a current between (5-10) * I,
passes;

- curve D, where the circuit breaker trips when a current between (10-20) * I,
passes.
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Fig. 6. Tripping curves of the MCBs
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Manufacturers generally recommend using circuit breakers with tripping curve
B for the protection of circuits with long lengths (which implicitly have a higher fault
loop impedance), those with tripping curve C for the protection of general-purpose
circuits in all types of installations, and those with tripping curve D for the protection of
circuits supplying devices that draw high currents upon connection to the network (e.g.,
electric motors or high-power lighting installations equipped with LED luminaires that
switch on simultaneously, where the inrush current has a high value for a very short
period) [14, 20].

In order to correctly determine the fault currents and make the appropriate
choice of circuit breaker type, it is necessary to know the values of the phase-neutral and
phase-earth fault loop impedances, calculated for the longest circuits or circuit sections.
These impedances are calculated using equations (13) and (14) [15, 21]:

Zn =2 e (13)
ZLpPE = w (14)

Knowing the values of the fault loop impedances, the presumed values of short-

circuit currents were determined using equations (15) and (16):
Us

Iscn = - (15)
U
IsCL.pe = ZL—j}:E (16)

The results of the calculations have been summarized in Table 3.

The next step in designing the electrical installation involves configuring the
electrical panels based on the previously calculated data and parameters. Figure 7 depicts
the single-line diagram of the main electrical panel MEP.

Table 3. Electrical installation parameters

Circuit Destination P, I Mate- I, S 1, I, Zin | Zppe | Iscpn | Iscipe | Tripp. | ke ky

Simbol W) | @) | ral | @ |[mm)| Q) | @A) | @ | @ | @A) (A) | curve

LC-1 | Normal lighting 270 1,28 Cu 6 1.5 16,5 | 1299 | 047 2.90 |489.36| 79.30 C 1 1
circuit

LC-2 | Normal lighting 750 354 Cu 6 1,5 16,5 | 12,99 | 047 2,90 |489,36| 79,30 C 1 1
circuit

LC-3 | Emergency lighting 30 0,14 Cu 6 1,5 16,5 | 1299 | 047 2,90 |48936| 79.30 C 1 1
circuit

SC-1 | One-phase socket 2000 | 9.45 Cu 10 25 23 | 17.89| 021 170 | 1095 | 13530 C 1 1
outlets in laboratory
staff office

SC-2 | One-phase socket 2000 9,45 Cu 10 25 23 17,89 0,21 1,70 1095 | 13530 C 1 1
outlets in technical
annex

SC-3 | One-phase socket 2000 9.45 Cu 10 25 23 | 1798 | 0.21 1.70 1095 | 13530 C 1 1
outlets in teaching
staff office

SC-4 | One-phase socket 2000 | 6.05 Cu 10 25 23 | 17.98| 021 170 | 1095 | 13530 [ 0.8 | 0.8
outlets in laboratory

SC-5 | One-phase socket 2000 6,05 Cu 10 25 23 1798 0.21 1.70 1095 | 13530 C 08 | 0.8
outlets in laboratory

PSBP | Three-phase Power 12000 | 12,06 Cu 20 6 34 2523 0,11 0,72 3636 | 555,56 C 0,6 | 0.6

1...4 | Supply Block with
Protection

PSBP | Three-phase Power 12000 | 12,06 Cu 20 6 34 (2523 0.11 0.72 3636 | 555.56 C 0,6 | 0.6

5...8 | Supply Block with
Protection
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Destination Pi Phase
(kW)
MCB Electric column MEP, 400V ac, 50 Hz General oaos L1
s L1023, 13, N . ] protection X L2
50A/20kA/4P, curve C I L3
180V s
=
i (310v) > l Monitoring and L1
@ ® ; protection against 24,25 L2
®(=270V | | under and over- L3
@ “7V) g voltage
Relay |
e e
‘c‘: L —MCB T = ~ Security
=l i , 230V ac, 50 Hz lighting circuit 0,03 L1
2 77 L1,N,PE x LC-3
i | 6A/6kA, 1P+N, curve C
o
z! __mMcB Three-phase L1
o i s 400V ac, 50 Hz electric column 6,21 L2
= o el AT L1,L2,L3, N, PE SEP-1
|/ L3
N | 25A/10kA, 4P, curve C
i
w
Zflse  MCB: - - Three-phase L1
|r—q 1 400V ac, 50Hz electric column | 18,05 2
L1,L2,L3,N, PE SEP-2 L3
40A/10kA, 4P, curve C

Fig. 7. The single-line electrical diagram of the main electric panel MEP

For monitoring and protecting the entire electrical installation against network
over/undervoltages, a three-phase monitoring and protection relay with a nominal

current of 63A will be installed in the MEP (main electrical panel) (see figure 7).

N€1°21'L1 ‘ZH0S ‘98 A0OY

= T T €
Destination | 8% . | § S 2 a @ S .
s8E|S8e|8s2| 2 [|E8=2
g5= ES =3 g = o g il
Electric column SEP-1 400V ac, 50 Hz | = @ = o
MCB L1,L2,L3, N, PE
o e St e 1
sty —L b= e il protection 6.21 1 6.21 tg
F‘;’, 20A/10KA, 4P, curve C
{
N RCBO-1 - Lighti
= 230V ac, 50 Hz ging
L e ,,230Vac >, 90 Hz t .21 1 0,21 L1 1
|H/{_U e “L1,N, PE —X s o
| 6A/0,03A/3kA, 1P+N, curve C
RCBO-2
... _RCBO-2 One-phase
) 230V ac, 50 Hz e
£”"""*/\(—1_]if\_’-_" #’;LWPE\ < { sockggf;rcult 2 1 2 L2 1
I 10A/0,03A/3kA, 1P+N, curve C
, __RCBO-3 One-phase
T 230V ac, 50 Hz e socket circuit 2 1 2 L3 1
] m‘ L1, N, PE N~ sc-2
[ 10A/0,03A/3kA, 1P+N, curve C
|
.. _RCBO-4 — One-phase
| PSR 230V ac, 50 Hz i socket circuit 2 1 2 L1 1
el e Rl L1, N, PE ~ sc3
10A/0,03A/3KA, 1P+N, curve C
TOTAL 6,21 6,21

Fig. 8. The single-line electrical diagram of the secondary electric panel SEP-1
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Destination (:,i, ks (:v:/) Phase ku
..RCBO_ Electric column SEP-2 400V, ac, 50 Hz i1
5 m " o L1,L2,L3,N, PE Main
= e Nt e 7 = protection | 6619 | 05 | 1805 | L2 | 0545
ﬁ 32A/0,03A/10KkA, 4P, curve C
|
sl mcB- Lightin
8 = ) 230V ac, 50Hz [V ghting
=3
< -}—»‘—Xi 4 — > circuit 0,75 1 0,75 L1 1
P S L1, N, PE A oz
ol I 6A/3KA, 1P+N, curve C
£l
;: L mcB2 — One-phase
= f:‘?"%@ Hz '}C socket circuit 2 0,8 1,28 L2 038
L s N, SC-4
| 10A/3KA, 1P+N, curve C
=z ||
|
+— SMCB-3. - One-phase
i f:ox ‘::'E' S0:H> { socket circuit 2 08 1,28 L3 08
| 10A/3KA, 1P+N,curve C SC:3
I MCB-4 Three-phase L1
= - Si—" 5 400V ac, 50 Hz electric column
A 1, L2, L%TPE’—{ ! for PSBP-1 to 30,72 0,8 7,37 tg 0,3
| 20A/6kA, 4P, curve C PSBP-4
\ -
L MCB-5 Three-phase L1
e ] 400V ac, 50 Hz electric column
o fac.50hz 03
Lt e meanee 1\ |orrsersw | %72 | o8 | 737 3
20A/6kA, 4P, curve C PSBP-8

Fig. 9. The single-line electrical diagram of the secondary electric panel SEP-2

©
- Socket |[g& (25 [(2&_ S
Electric column EC; L1, L2, L3, L4, N outlet |SES|SE ¢ S22 Phase |§32
| 400V ac; 50 Hz E type |2851E2 |88 =5
i ! Three-
10A/3KA, 4P, curve C | 5 poles L1
I 6 09 | 54 L2 0,6
| Three- L3
} phase,
: 5 poles
|
! Single-
e __MCB_ Pse sfC | phase, 2 |1 2 [ (Los
10A/3kA,1P+N, curve € 3 poles
I
Single-
MCB Lo
v " : r ghaslel 2 1 2 L2 0,6
10A/3kA,1P+N, curve € Boles
I ;
MCB o8 Single-
—— = { phase, 2 il 2 L3 0,6
10A/3kA,1P+N, curve C 3 poles
Total requested power=
(5,4+2+2+2)x ku = 6,84 kW

Fig. 10. The single-line electric diagram of the power supply block with protection PSBP

Upon analyzing the single-line diagrams in figures 8-10, it is observed that all
final circuits of the installation are protected against residual currents by bipolar (1P+N)
or four-pole (4P) high-sensitivity RCBO (Residual Current Breaker with Overcurrent
protection) devices, with a nominal residual current of 30 mA. These are installed either

as the main protection for the entire panel or as individual protections for the final
circuits [16].
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Fig. 11. The electrical control diagram for the lighting in the laboratory, utilizing a 3-point
control system with step relays and contactor setup

Regarding the lighting fixtures in the laboratory, it is necessary that these can be
controlled from each of the 3 access points into the laboratory. Control needs to be
distinct for the ceiling lights, the lights on the side walls, and the lights on the front wall
above the smart board. To achieve this, in the secondary panel SEP-2, 3 relay switches
(step relays) and 3 contactors have been installed, one for each grouping of lights. Each
of the 3 step relays is controlled from the 3 control points via a momentary push-button
switch (see figure 11).

The operation of the control scheme is as follows: when one of the momentary
push-button switches S1...S3, S4...S6, or S7...S9 is pressed, the corresponding step relay
coil receives a voltage pulse, causing the internal cam-driven mechanism to rotate one
step and close the corresponding contact. This energizes the coil of the corresponding
contactor. By closing the normally open (NO) contact of the contactor, the power circuit
to the corresponding lighting line is completed [9, 10].

Upon pressing the corresponding push-button switches again, the step relay coil
receives a new pulse and rotates the cam-driven mechanism again, opening the relay
contact. This interrupts the coil circuit of the contactor, causing it to de-energize and
thereby stopping the power supply to the lighting line.

5. THE PRACTICAL IMPLEMENTATION OF THE ELECTRICAL
INSTALLATION

After completing the project, the next steps in the practical implementation of

the interior electrical installations in laboratory L1 and its annexes involved selecting
materials and equipment, and executing the installation.

192



FLORIN MURESAN-GRECU, FLORIN GABRIEL POPESCU, MARIUS DANIEL MARCU,
DRAGOS PASCULESCU, MIRCEA RISTEIU, TEODORA LAZAR

ader

" Mads in EU - 02

RO

e)

9)

Fig. 12. Examples of the electrical equipment and devices used in the installation:
a) Bipolar RCBO; b) Four-pole RCBO; c) DIN rail-mounted contactor; d) Step relay; e) Three-
phase monitoring and protection relay; f) PSBP; g) Unit of 2 modular socket outlets installed in
surface-mounted box
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The electrical columns supplying the secondary panels SEP-1 and SEP-2 were
executed using multi-strand copper conductors with PVC insulation having enhanced
resistance to flame propagation, type HO7V-K, of flexibility class 5, with a cross-section
of 16 mm2. These were protected in corrugated flexible PVC conduit type FK15 with a
diameter of 40 mm, capable of withstanding a compression resistance of 750 N [5, 22].

For equipping the electrical panels, protective and control equipment from
renowned European manufacturers such as Schneider Electric, Legrand, and Finder was
used. Regarding terminal equipment (single-phase socket outlets, toggle-switches and
push-button switches), we opted for products from the Italian manufacturer Gewiss -
modular equipment from the System range installed in surface-mounted boxes from the
27 Combi series. From the same manufacturer, Gewiss, we also selected the power
supply blocks with protection PSBPs which are to be installed in the laboratory [14, 17].

The lighting fixtures are LED, wall or ceiling-mounted sconces with a matte
diffuser, featuring a color temperature of 4000K. The electrical circuits were installed
with PVC-insulated single-core copper conductors and flame-retardant sheathing type
CYY-F, with cross-sections of 1.5, 2.5, and 6 mm2, surface-mounted on the non-
combustible structural elements of the building (masonry walls) and protected in 40 x
60 mm PVC ducts. Penetrations between rooms for routing electrical circuits were made
through masonry walls, without compromising the structural integrity of the building.
Within-room transitions were protected with PVC conduits. Minimum distances from
other installations (water, gas) as per Norm 17-2011 were adhered to.

In Figure 12 are some photographs and illustrations of various types of
equipment used in the installation.

6. CONCLUSIONS

Over its 75 years of existence, the University of Petrosani has earned a well-
deserved reputation within the scientific and technical community of Romania and
beyond. The university's educational facilities have primarily served the training of
specialists in the field of mining, equipped specifically for this purpose. With the
evolution of society and the gradual shift away from coal for electricity generation, the
University is now facing the necessity to "reinvent" itself in order to remain a significant
player in today's competitive university environment, where attracting new students at
all academic levels is crucial.

With the gradual disappearance of strictly mining-related specializations and the
emergence of new fields of study, it is natural to consider the discontinuation of many
of the old equipment and facilities in the university laboratories that no longer serve their
purpose in the current context. Over the coming years, there is a plan to replace these
outdated facilities with state-of-the-art teaching materials and equipment.

It is obvious that the electrical installations that have served the university's
educational spaces for seven decades no longer meet the requirements to support modern
laboratory equipment. Additionally, they do not align with the safety and operational
standards mandated by current regulations and industry standards. Therefore, there is a
need to upgrade these installations to ensure they can support the new laboratory
equipment effectively and comply with the latest safety regulations.
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In the context outlined above, the initiative to design and implement modern and
safe electrical installations to serve the entirety of the rooms comprising Laboratory of
Electrical Engineering (Laboratory No. 1) in Building A of the university, as the subject
of this project, is entirely normal. Its culmination can only be positive, with the aim to
extend similar initiatives to other educational spaces across the campus.

Furthermore, this project underscores once again that the design and
implementation of internal electrical installations must be approached professionally by
specialists and industry professionals. Not only is this a legal requirement, but it also
ensures rigorous handling of all issues and aspects, leading to excellent results.
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HARDWARE AND SOFTWARE USED FOR THE STUDY OF
ANGULAR MOTION BY REMOTE CONTROL

NICOLAE PATRASCOIU!

Abstract: This work is part of a project that includes methods for studying automation
elements' functionality. From this project, | chose to present, in this paper, the hardware and
software structure used for the study of angular motion. The generation of movement in the
sense of controlling the spinning direction and amplitude is achieved by a DC motor. The
Discovery Studio module, a Digilent product, controls the motor through the L298N DC motor
driver module. The movement parameters are measured through an experimental incremental
transducer through a National Instruments data acquisition module. The software created in
LabVIEW allows both the control of the motor and the determination of the spinning direction
and amplitude. The user has an interface with movement control elements and visualization of
measurement results, for various operating conditions.

Key words: incremental sensors, DC motor control, LabVIEW, DiscoveryStudio,
remote control

1. INTRODUCTION

The development of virtual tools like virtual instruments that can be used in
education processes or in research activities offer a number of advantages over
hardware structures based on measuring devices with manual data logging, including:

. the generation of signals with very precise shapes and amplitudes and
at very well-determined moments of time,

. automatic data retrieval and processing,

. graphical interfaces that allow users to effectively control the
computer or device they interact with,

. virtual instruments through their interfaces offer the user:

v clarity, that's means recognizable features and elements that are
intuitive to interact with,

v’ consistency which helps the users feel at ease and in control of their
actions,

v accessibility which makes all users feel comfortable, at ease, and in
control when using a software product.

Y Ph.D. Eng., University of Petrosani, nicolaepatrascoiu@upet.ro
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LabView is a graphical programming language that allows users in various
fields to develop and implement interactive programs that will enable the acquisition of
data from different technical equipment and also analysis and data processing and then
displaying the obtained results in different forms like reports, graphs, or charts. The
LabView programming environment provides the user with many functions,
programming structures, libraries, and routines that allow the creation of virtual tools
that can be used in many branches of engineering [1]. The facilities offered by the
LabVIEW software by generating virtual laboratory instruments along with the
corresponding hardware enable the development of student's abilities to conduct
experiments with dynamic systems to study their responses [2], [3].

Motion can be defined as a physical quantity of a mechanical change that can
provide information about the position of a material point or mobile against a reference
system. Quantities derived from this, which may be considered, are: position, distance
or speed [4]. In many applications, all these quantities are considered vectors, so
measuring both size and direction for this quantity is necessary.

The usual procedure for obtaining the size of these quantities is by counting the
pulses acquired from an incremental sensor that generates a pulse train [5]. The same
incremental sensors can be used to detect the direction of movement if it provides two
trains of pulses shifted by one quarter of the period, in which case it is named
guadrature encoder. A quadrature encoder can have up to three channels — channels A,
B, and Z.

In order to understand the operation and use of incremental sensors, it is
necessary to use a rotation mechanism whose angular displacement and rotation speed
can be set. The DC motor can fulfill this role if it is possible to control the supply
voltage.

2. THE HARDWARE STRUCTURE OF THE LABORATORY STAND

The purpose of this paper is to present the physical structure and virtual
instrument that allows automatic control and acquisition from the experiments in the
study of angular motion. This hardware structure and virtual instrument are part of
interactive and low-cost tools used for students' training systems.

The following elements were used to create the laboratory stand:

1. DC motor Un=9V;

2. Interface L298N DC Motor Driver Module;

3. Incremental encoder with 4 slits and D=80 mm, necessary choice to be able to
visually observe the rotation movement and its sense;

4. Two transmissive optical sensors with phototransistor output TCST1103
(Vishay Semiconductors);

5. A trigger-type signal adapter module made with the Hex Non-Inverting Buffer
CD4050 integrated circuit;

6. Analog Discovery Studio module (Digilent);

7. USB-6008 data acquisition module (National Instruments);

The block diagram of the entire system is shown in Figurel
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Fig.1. Laboratory stand block diagram

The elements component of the of this system are arranged like shown in
Figure 2. The generation of the values of the rotation speed as well as its direction is
carried out by means of the Analog Discovery Studio and L298N DC Motor Driver
modules respectively.

The Analog Discovery Studio is a fully functional, portable test and
measurement device that can turn any cross-functional space into a pop-up electronics
laboratory. This equipment includes the Power Suppliers and other 13 instruments
including 16 channels digital I1/O lines with input logic standard: LVCMOS (1.8/3.3 V,
5 V tolerant) and output logic standard: LVCMOS (3.3 V, 12 mA). From this device is
used the Variable Power Supply for which the generation, with a resolution of 12 bits,
of a programmable voltage in the range (0 ... 5) V, the 5 V Fixed Power Supply, and
digital channels DO to D2 like output lines [6].

Fig.2. Setting up the laboratory stand
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The Variable Power Supply and the three digital channels are used to control
the angular movement of the DC motor through the L298N DC Motor Driver. Thus,
the output lines DO1 and DO2 are connected to motor A input pins IN1 and IN2 which
are used to control the spinning direction of the DC motor. Line DOO is connected to
the ENA pin that enables the PWM signal for the DC motor. The Variable Power
Supply is connected to input from DC power Source at the L298N module and the 5 V
Fixed Power Supply is used to supply power for the switching logic circuitry inside
L298N integrated circuit.

The DC motor is connected to the output OUT1 and OUT2 pins.

The two transmissive optical sensors TrA and TrB with phototransistor output
TCST1103 are mechanically fixed relative to the incremental encoder such the output
signals of these must be two pulse trains Out A and Out B in quadrature. By using a
relatively large encoder disk together with the two optical sensors, students are given
the opportunity to observe and understand the operation of incremental rotary
transducers as well.

The Out A and Out B signals taken from the transducers are processed in order
to improve the transitions between their logical levels by using two gates from the
CD4050B CMOS Noninverting Buffer and Converter. This operation is performed by
the Signal Adapter Module.

The two pulse trains Out A and Out B in quadrature are used to measure the
DC motor spinning value and direction. These signals are connected to the digital 1/0
lines and also to the counter input line on the N USB-6008 data acquisition module.
Thus, are used the digital inputs DIO and DI1 for the spinning direction identification,
and the PFIO for spinning value measurement.

The NI USB-6008 is a low-cost, bus-powered, all-in-one data acquisition
(DAQ) module with a USB connection. Along with the functionalities related to the
acquisition or generation of voltages, as analog quantities, this module also includes
two ports with 12 digital 1/0 lines and a 32-bit counter. Each of these digital channels
can be individually programmed as input or output and is compatible with TTL,
LVTTL, and CMOS logic levels. The counter is a 32-bit resolution up-counter, which
counts the falling-edges of pulses with frequencies up to 5 Mhz [7].

3. VIRTUAL INSTRUMENT IMPLEMENTATION

The virtual instrument that is proposed in this paper is built in the LabVIEW
graphical programming environment. This virtual instrument consists of the front panel
which is the user interface and the diagram block which is the actual program for
controlling the laboratory stand.

3.1 Front panels of the virtual instrument

The front panel of the virtual instrument, shown in Figure 3 include two
sections.
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Fig.3. Front panel of the virtual instrument

The first section is used to sets the movement parameters, thus from the
controls here the user can set the polarity (Polarity of the motor supply) and the value
(Speed) of the power supply for the DC motors. For both input type elements that
generate the rotation movement (polarity of the DC motor supply voltage and its PWM
control) the parameters used to set this movement are not measured and are not
available on the front panel to the user.

The second section is used to display the waveforms of the Out A and Out B
signals taken from the transducers and also to display direction of motor spinning or
speed value. The information that will be displayed about spinning direction or speed
(in rev/min) can be selected through the selector control, Display, placed on this
section.

3.2. Block diagrams of the virtual instrument

The block diagram of the virtual instrument, which represents its operating
program, consists of two While loops that work independently, their only common
element being the STOP command to stop the program. Block diagram used to read
electrical values.

The loop used to control the movement of the DC motor is shown in Figure 4.
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Fig4. The part of the block diagram used for control

This contains, in addition to typical LabVIEW programming functions and
structures, functions from the Digilent WF VIs library used for DC motor power supply
and setting its spinning direction.

51_“""" PWBA Chart

Tafved
Fig.5. PWM waveform generation

Thus, the function DWF PS Configure Voltage Output is used to configures a
voltage output on the +5 channel for a max 7 V voltage and max 100 mA current. The
validation of this function is performed through the DWF PS Enable function which
enables or disables all outputs on all channels of the instrument. By means of two For
loops whose number of cycles is controlled by the Speed control, a PWM type
waveform is generated, Figure 5. The width of the pulses is determined in relation to
the unitary value of 100% by setting the value N and respectively 100-N of the number
of loops of the two For structures.

The PWM signal is obtained at the digital output DOO of the Analog
Discovery Studio module and it is applied to the ENA input of the L298N driver and
for this the DWF Dig Write function is used. This function writes data to the specified
lines.
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Bidirectional control of the motor is established by the logical combination of
inputs IN1 and IN2 of the L298N as follows [8]:

Table 1. L298 motor control

Inputs Function
IN1=H ; IN2=L | Forward
ENA=H IN1=L ; IN2=H | Reverse
IN1= IN2 Fast motor stop
ENA=L [IN1=x; IN2=x Free running

The logic levels are transmitted, by selection with the Polarity of motor supply
control, to the outputs DO1 and DO2 of the Analog Discovery module using the same
DWF Dig Write function with the arguments dig/1 and dig/2.

The second While loop is used to display the spinning direction or the speed of
rotation. The choice of one of the two options is made from the front panel through the
Display control and a Case structure.

In the case of selecting the display of the direction of rotation, which
corresponds to case 0 which is shown in Figure 6, the signals from the DIO and DI1
inputs of port 0 of the NI USB-6008 low cost data acquisition module are read through
the DAQ Assistant function.

Speed [rot/min]

[Fo—istle

DAQ Assistant? inning direction

Display I
i il
M ] grorout 0} B
taskout ¥

b device name it : Spinning direction

b emorin '
v stop(T)

0 ) —=

Waveforms

Fig.6. The part of the block diagram used for display spinning direction

These signals are displayed in their dynamic development on the Waveforms
chart indicator. These also represent the input variables of a SubVI which is a
representation in LabVIEW of a sequential logic circuit through which the logic
functions necessary to identify the spinning direction are implemented [9]. In Figure 7
is shown the logic configuration of this SubVI.

203



HARDWARE AND SOFTWARE USED FOR THE STUDY OF ANGULAR MOTION BY
REMOTE CONTROL

Boolean in lm'Bunlean out

. @ | RN E o> E

TF

Fig.7. The logic configuration for spinning direction identification

In the case of selecting the display of the speed of rotation, which corresponds
to case 1 which is shown in Figure 8, one of the signals to the digital inputs is passed
also on the counter input PFIO of the same NI USB-6008module.

. spedlictimi] - facop |
i} o Pisible

Display DAQ Assistant : | Spiﬂﬂm-giirection

= data = peed [rot/min] o[>"'u’|5lb|e

hog M | ermorout b -

=lEe stopped ¥ -

taskout ¥
7

vl

-
L

Fig.8. The part of the block diagram used for display speed of rotation

Since a coding disc with only 4 slots was chosen, it can be said that its
resolution is 4 Pulses Per Revolution (PPR). By measuring the frequency of the pulses
generated on the counting input PFIO, the rotation speed of the disk and implicitly of
the DC motor axis can also be expressed. To express it in rev/min, the expression is

used:
xtime[sec] x 60 1)

Speed [rev/ min] =
peed [ 1 PPR
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where N represents the counted number of pulses between two successive
cycles of the While loop and the resolution is PPR=4.

Thus, the duration of the measurement is reduced to 250 msec, which means
that the number N of pulses by multiplying by 60 will represent the rotation speed
expressed in rev/min.

The simultaneous stopping of the two While loops and implicitly of the motor
control program and measurement of the movement parameters is done by the STOP
button on the front panel.

4. CONCLUSIONS

This paper presents one of the applications created in LabView that allows the
realization of several experiments related to different topics from the educational plan
of electrical engineering students. The other experiments are used to study force
sensors (strain bridge) or temperature sensors (RTD, thermistor) or semiconductor
devices like diode and transistor.

This laboratory stand and the experiment is used to verify the operation of both
a direct current motor whose control is achieved through the rotor circuit and angular
motion incremental transducers. Students are given the opportunity, on the one hand, to
study the principles of control (direction and speed) of a direct current motor and, on
the other hand, to study the operating principle of an incremental transducer.

The experiment benefits from its own command and control panel and both the
hardware configuration and the virtual tool proposed in this work were made and tested
in the laboratory.

I consider this application can be the starting point for creating a system based
on virtual laboratories that can be accessed via an internet connection from anywhere
in the world. In this sense, we intend to complete the tools created with G Web
Development Software interfaces. The G Web programming environment helps
programmers to create web-based user interfaces for test and measurement
applications.
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DEVELOPING A PROGRAMMABLE ELECTRONIC
CIRCUIT FOR THE CONTROLLED IGNITION OF
EXPLOSIVE MIXTURES

ZOLTAN VASS!, MARIUS SUVAR? BOGDAN SIMON-MARINICAS,
LAURENTIU MUNTEAN*

Abstract: The research performed in the domain of explosive gaseous mixtures, in
particular of hydrogen-oxygen gaseous mixtures, is gaining ground due to their applications in
various fields, such as power generation, propulsion systems and safety engineering. Due to the
current realities of environmental and political considerations it is necessary to transition away
from conventional carbon based sources of energy, to more clean sources of energy. In order to
accomplish this goal, research is needed in the field of clean energy, in particular in the research
of hydrogen. These research activities are performed under a strict laboratory environment
where the conditions and requirements of the ignition of these gaseous mixtures are critical. In
this context, the design and development of programmable electronic control circuit for the
controlled ignition of explosive gaseous mixtures represents a significant advance. The
objective is to create a system that not only is reliable, but also cost-effective and simple to use.
In this paper we present a design and development of a digital electronic circuit.

Key words: hydrogen, mixture, ignition, control circuit.

1. INTRODUCTION

With the beginning of the first industrial revolution, which necessitated the
rapid extraction and burning of fossil fuels, which in turn lead to the release of
greenhouse gases into the atmosphere in quantities never seen before, global
temperatures begin to rise, leading to increase in a number of negative effects, such as
drought, high intensity storms, rise of the sea level, melting of glaciers. In order to
mitigate these negative effects of global warming it is necessary to transition the
economy from the consumption of fossil fuels to other, more cleaner forms of energy.

Energy is the basic element for human survival and human consumption of
energy has increased dramatically due to the rapid development and progress of
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society. In particular, the consumption of large amounts of non renewable fossil energy
has aggravated environmental degradation and energy crisis. Therefore, the
development and construction of a clean, efficient, and renew-able new energy carrier
is of great significance to achieving the goal of carbon neutrality. As a globally
recognized clean energy carrier, hydrogen energy has the advantages of wide sources,
high energy density, and stable properties at room temperature [1].

In the current political, social and political climate, where the governments of
the countries of the world promote clean energy sources, hydrogen is one of the
alternatives proposed to replace fossil fuels. Due to the different thermal, chemical
properties of hydrogen, compared to fossil fuels, it is necessary to conduct research to
determine the behavior and potential risks the use of hydrogen presents in the ordinary
activities.

In the research on gas explosions, the emphasis has been and continues to be
primarily on physical experiments conducted on various scaled-down models. Building
models at actual size is often a resource-intensive task in terms of materials, time, and
human resources. The rapid advancement of computational techniques has allowed,
among other things, the transfer of gas explosion research into the virtual environment.
For validating computerized simulations of this kind, physical experiments and
specialized literature are still considered fundamental. However, one of the challenges
posed by the virtualization process is the limitation of conducting simulations in fully
or partially enclosed spaces, under initially imposed conditions, without the possibility
of dynamically modifying these conditions based on the development of over-pressures
generated by the virtual explosion. This paper details a computerized experiment
where the boundary conditions were successfully transformed into predefined pressure
threshold surfaces, transitioning from rigid surfaces to surfaces capable of releasing the
over-pressures developed in fully or partially enclosed spaces. This approach aligns the
results of these simulations with the real dynamic effects of gas explosion events [1].

The dangers associated with hydrogen mainly come from its wide flammability
range, it’s extremely fast burning rate (having much more aggressive explosive
properties than methane gas) and the considerable amount of energy released when it
burns or explode. The development of new applications that use hydrogen as clean
energy is constantly increasing, thus, hydrogen can be used on a large scale. This paper
presents the use of computational fluid dynamics techniques, regarding the linear
propagation of the explosion of air and hydrogen mixture in closed spaces, the main
purpose being the determination of the over-pressures to which a test stand of this
processes is subjected [2].

These research activities are performed under a strict laboratory environment
where the conditions and requirements of the ignition of these gaseous mixtures are
critical. In this context, the design and development of programmable electronic
control circuit for the controlled ignition of explosive gaseous mixtures represents a
significant advance. The objective is to create a system that not only is reliable, but
also cost-effective and simple to use [3].

Hydrogen will become a key player in transitioning toward a net-zero energy
system. However, a clear pathway toward a unified European hydrogen infrastructure
to support the rapid scale up of hydrogen production is still under discussion. This
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study explores plausible pathways using a fully sector-coupled energy system model

[4].

Hydrogen together with methane, is one of the most common gaseous fuels
that also exist in nature as the main part of the natural gas, the flammable part of bio-
gas or as part of the reaction products from biomass pyrolysis. In this respect, the bio-
gas and biomass installations are always subjected to explosion hazards due to
methane. Simple methods for evaluating the explosion hazards are of great importance,
at least in the preliminary stage [5].

2. COMPONENT ELEMENTS OF THE CIRCUIT

Due to the type of laboratory experiment performed, which consists of igniting
gaseous mixtures of hydrogen and oxygen, it is necessary to employ the use of an
electronic circuit that can provide a controlled and reliable way of igniting of these
gaseous mixtures [6].

This electronic device is a digital programmable electronic circuit, with a
custom instruction set.

The circuit is composed of multiple modules. These communicate with each
other using a central bus.

Table 1. Component elements of the circuit
Program memory
Instruction Decoder
Arithmetic and Logic Unit
Register file
Program Counter
10 Module

OO B|IWIN(F

The program memory holds the instructions than will be executed by the
electronic circuit.

There are two types of memory available. volatile memory which will lose all
data when the memory is disconnected from the power source, and non-volatile
memory, which will preserve the data stored in it even when is disconnected from the
power source.

The instruction decoder is responsible with decomposing the instructions read
from program memory and generating control signals for enable or disable different
components of the circuit. This is necessary in order to avoid conflicting scenarios that
could rise during the functioning of the electronic circuit.

Every computer has a word length that is characteristic of that machine. A
computer's word length is usually determined by the size of its internal storage
elements and interconnecting paths (referred to as buses), for example, a computer
whose registers and buses can store and transfer 8 to 32 bits. The characteristic 8-bit
field is referred to as a byte. Each operation that the processor can perform is identified
by a unique binary number known as an instruction code or operation code (OP code).
An 8-bit word used as an instruction code can distinguish among 256 alternative
actions, more than adequate for most processors.

209



DEVELOPING A PROGRAMMABLE ELECTRONIC CIRCUIT FOR THE CONTROLLED
IGNITION OF EXPLOSIVE MIXTURES

The processor fetches an instruction in two distinct operations. In the first, it
transmits the address in its program counter to the memory. In the second, the memory
returns the addressed byte to the processor. The CPU stores this instruction byte in a
register known as the instruction register and uses it to direct activities during the
remainder of the instruction execution. The mechanism by which the processor
translates an instruction code into specific processing actions requires more elaboration
than we can afford here. The data stored in the instruction register can be decoded and
used to selectively activate one of a number of output lines, in this case up to 256 lines.
Each line represents a set of activities associated with execution of a particular
instruction code. The enabled line can be combined coincidentally with selected timing
pulses, to develop electrical signals that can then be used to initiate specific actions.
This translation of code into action is performed by the instruction decoder and by the
associated control circuitry [7].

In computing, an arithmetic logic unit is a combinatorial digital circuit that
performs arithmetic and bit-wise operations on integer binary numbers. This is in
contrast to a floating-point unit, which operates on floating point numbers. It is a
fundamental building block of many types of computing circuits, including the central
processing unit of computers, floating-point unit, and graphics processing units.

The inputs to an Arithmetic and Logic Unit are the data to be operated on,
called operands, and a code indicating the operation to be performed; the Arithmetic
and Logic Unit's output is the result of the performed operation. In many designs, the
Arithmetic and Logic Unit also has status inputs or outputs, or both, which convey
information about a previous operation or the current operation, respectively, between
the Arithmetic and Logic Unit and external status registers [8].

The arithmetic and logic unit is responsible with performing logic and
arithmetic operations such as logic operations and arithmetic operations. Taking into
account the purpose and the intended use of this electronic circuit, the implementation
of logic operations was deemed as not necessary.

The register file is the component part of the electronic circuit that consists of a
number of fast memory modules, which are used to store data. The data stored in these
memory modules can be accessed by using control signals that allow us to use one or
multiple registers simultaneously.

A register file is an array of processor registers in a central processing unit.
The instruction set architecture of a central processing unit will almost always define a
set of registers which are used to stage data between memory and the functional units
on the chip. The register file is part of the architecture and visible to the programmer.

In simpler central processing units, these architectural registers correspond
one-for-one to the entries in a physical register file within the central processing unit.
More complicated processors use register renaming, so that the mapping of which
physical entry stores a particular architectural register changes dynamically during
execution.

Modern integrated circuit-based register files are usually implemented by way
of fast static RAMs with multiple ports. Such RAM memories are distinguished by
having dedicated read and write ports, whereas ordinary multi-ported S-RAM memory
will usually read and write through the same ports. Register banking is the method of
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using a single name to access multiple different physical registers depending on the
operating mode [9].

The program counter is a component part of the electronic circuit which
ensures that the instructions are loaded from program memory into the decoder
sequentially. This module is also responsible for the execution of jump instructions,
using a number of control signals provided by the decoder module.

The output module is used to allow for the circuit to communicate with other
devices. The output module, is designed in such a way that allow multiple ignition
devices to be controlled simultaneously.

— »
Program e Decoder
Counter Memory
T Control signals
¥ v 2
Input / Queput Register File ALU
I I I T

DATA BUS
Fig. 1. Block diagram of the electronic circuit

The Input / Output module of can be used to control a number if external
devices, such as:

- Data acquisition systems: i/o module can be used in data acquisition systems
to acquire and process data from various sensors and input devices. the i/o processor
can handle high-speed data transfer and perform real-time processing of the acquired
data.
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- Industrial control systems: i/o module can be used in industrial control
systems to interface with various control devices and sensors. the i/o0 processor can
provide precise timing and control signals, and can also perform local processing of the
input data.

- Multimedia applications: i/o0 module can be used in multimedia applications
to handle the input and output of multimedia data, such as audio and video. the i/o
processor can perform real-time processing of multimedia data, including decoding,
encoding, and compression.

- Network communication systems: i/0 module can be used in network
communication systems to handle the input and output of data packets. the i/o
processor can perform packet routing, filtering, and processing, and can also perform
encryption and decryption of the data.

- Storage systems: i/0 processors can be used in storage systems to handle the
input and output of data to and from storage devices. the i/o processor can handle high-
speed data transfer and perform data caching and pre-fetching operations. [10]

3. INSTRUCTION SET

In order to be useful, a programmable electronic circuit must have a set of
instructions that will allow to perform useful tasks.

The number of instructions a processor is capable of executing, varies
depending on the environment in which this processor will be used. Therefore if the
programmable electronic circuit is used in a special circumstance that require only a
limited functionality, it is not necessary to implement a full set of instructions.
However if the programmable circuit is used in a more complex environment,
implementing a full set of instructions may be necessary.

All processors carry out their require operations by executing sequences of
instructions. Each instruction defines a simple operation, for example, simple
Arithmetic and Logic Unit operation, data access to the memory system, program
branch operation, etc.

For the processor, it takes instructions in form of binary code and decodes
them in internal hardware (instruction decoder), then passes on the information about
the decoded instruction to the execution stage. In simple processor designs, for
minimum the following types of instructions are required:

- Data processing(arithmetic and / or logic operations);

- Memory access operations(read from memory, write to memory);

- Program flow control instructions(branches, conditional jump instructions,
function calls);

- Access to registers;

- Other operations [11].

In our case, the programmable circuit is used in a laboratory setup, to control
the ignition of explosive gaseous mixtures, therefore it is not necessary for us to
implement a large set of instructions.

In the table below are listed all the instructions that our programmable circuit
can execute.
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Table 2. List of instructions of the programmable circuit

Opcode Instruction name: Instruction binary map
00000 NOP 0000000000000000
11111 HLT | e 00000
00001 JR mmmmmmmm---00000
00010 JA mmmmmmmm---00000
00011 JC mmmmmmmmfffooooo
00011 JZ mmmmmmmmfffooooo
00011 JE mmmmmmmmfffooooo
00011 JL mmmmmmmmfffooooo
00011 JG mmmmmmmmfffooooo
01001 ADD --bbbaaadddooooo
11001 SUB --bbbaaadddooooo
01011 INC | - aaadddooooo
11011 DEC | = - aaadddooooo
11000 CMP --bbbaaa---00000
10110 MOV | - aaadddooooo
10101 LDI iiiiiiiidddooooo

Legend:
0 — opcode

m — memory address

a — first operand register address

b — second operand register address
d — destination register address

i — immediate value

f — function select

3.1. NOP instruction

The purpose NOP instruction its to allow for the processor to pause execution
for a limited amount of time. This time can be controlled by executing one or more
NOP instructions sequentially.

Table 3. Binary representation of the NOP instruction
15 5| 4 0
0 0 0O 0 0O

The fields from 0 to 4 is used to encode the binary representation of the NOP
instruction. As it can be observed from the table above, this instruction is encoded with
zero values.

The rest of the fields from 5 to 15 are unused.

3.2. HLT instruction
The The purpose of the HLT (halt) instruction is to terminate execution of the

program. This instruction is very important. Without this instruction the programmable
circuit will continue to run out of control, which could lead to errors.
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Table 4. Binary representation of the HLT instruction
15 5] 4 0
1 1 1 1 1

From the table above, the binary encoding of the HLT instruction can be
observed.

The fields ranging from 0 to 4 is used to encode the binary representation of
the HLT instruction.

The fields from 5 to 15 are unused.

3.3. JUMP instructions

Our programmable circuit is capable to execute special instructions that allow
it to load instructions from the program memory from any arbitrary memory address.
These instructions can be used to provide a greater flexibility to our programmable
circuit. Our circuit that we develop is capable of a number of seven jump instruction:
relative jump, absolute jump and five conditional jump instructions.

In the table below are presented the binary representation of the jump
instructions.

Table 5. Binary representation of the relative and absolute jump instruction
15 8 |7 5 4 0
m m m m m m m m|f f f 0 0O 0 0 0

From From table 5 above can be observed the binary encoding of the jump
instructions.

The fields ranging from 0 to 4 is reserved for encoding of the jump instruction.

The fields ranging from 5 to 7 is reserved to encode the type of the jump
instruction.

The fiends ranging from 8 to 15 is reserved to encode the memory location of
the jump instruction.

It can be observed from the above table that in fact the HLT instruction is a
special case of the absolute jump instruction.

3.4. Arithmetic instructions

Arithmetic instructions are an important part of the functioning of the
programmable circuit that we design. These instruction allow us to perform simple
arithmetic instructions such ad adding or subtracting two values, incrementing or
decrementing a value, and store the result in a specified registry location.

Table 6. Binary representation of the arithmetic instructions
15 13 11 | 10 8 |7 5 4 0
- - |b b b|la a a|d d d 0O O 0 0 0
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In table above we can observe the binary encoding of the addition and subtract
instructions.

The fields ranging from O to 4 is used to encode the binary code of the
instruction.

The fields ranging from 5 to 7 id used to encode the address of the registry
where the result of the instruction will be stored.

The fields ranging from 8 to 10 is used to encode the address of the registry
where the value of the first operand is stored.

The fields ranging from 11 to 13 is used to encode the address of the registry
where the value of the second operand is stored.

Table 7. Binary representation of the arithmetic instructions
15 10 8 |7 5 4 0
a a aj|d d d 0 O 0 0 0

In table above we can observe the binary encoding of the increment and
decrement instructions.

The fields ranging from 0 to 4 is used to encode the binary code of the
instruction.

The fields ranging from 5 to 7 id used to encode the address of the registry
where the result of the instruction will be stored.

The fields ranging from 8 to 10 is used to encode the address of the registry
where the value of the operand is stored.
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Fig. 2. Screen capture of the simulation of the electronic circuit
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This work was carried out through the”Nucleu” Program within the National
Plan for Research, Development and Innovation 2022-2027, with the support of the
Romanian Ministry of Research, Innovation and Digitalization, project no PN-23 32 02
01., title: Development of the knowledge level of the explosion parameters of gaseous
and hybrid mixtures based on hydrogen, involved in the processes of obtaining and
storage in order to reduce the explosion risk.

4. CONCLUSIONS

The development of a programmable electronic circuit, for the ignition of
explosive gaseous mixtures, can lead to an increased accuracy of the experiments, and
also to the improvement on the field of safety. Using a programmable electronic circuit
allow us to use ignition patterns that are unavailable or are difficult to implement using
traditional technologies.
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Abstract: In contemporary industrial and commercial settings, Heating, Ventilation,
and Air Conditioning (HVAC) systems are critical for maintaining optimal indoor
environments. However, the efficient operation of these systems is often challenged by varying
external and internal conditions, leading to suboptimal energy consumption and increased
operational costs.

This paper explores the integration of Artificial Intelligence (Al) to enhance the
performance and efficiency of HVAC systems. Using Brain.js, a JavaScript-based neural
network library, we train a model using multiple input parameters, including indoor
temperature, outdoor temperature, humidity, airflow rate, operating hours, and occupancy
levels, to predict optimal setpoints and energy consumption.

To facilitate practical application and user interaction, | developed a Vue.js-based web
interface. This interface allows users to input real-time environmental and operational data,
which is then processed by the trained neural network to provide actionable predictions for
optimizing HVAC performance.

Future work will focus on enhancing the model's accuracy by incorporating additional
data sources, such as weather forecasts, real-time energy prices, and more occupancy data. |
also plan to implement adaptive learning algorithms to allow the system to continuously
improve its predictions based on new data.

Furthermore, expanding the system's capabilities to include predictive maintenance
alerts and integrating with 10T sensors for more precise data collection may be key areas of
development. By pursuing these improvements, | aim to create a more robust, intelligent, and
comprehensive solution for HVAC system optimization, ultimately contributing to smarter and
more sustainable building management practices.

Key words: Artificial Intelligence, HVAC, predictive, improvement, intelligence,
system optimization, programming, data modelling, energy saving.
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1. INTRODUCTION

The findings indicate that Al-driven optimization can significantly enhance the
efficiency of HVAC systems, leading to substantial energy savings and improved
environmental sustainability. The user-friendly interface ensures ease of use, enabling
facility managers and operators to make informed decisions in real time [8], [10], [12],
[15], [18].

It is obvious that carbon neutrality has become the most important issue and
challenge of this century for humanity to respond to climate change.

However, the global target for greenhouse gas emissions commitments would
need to be six times higher to keep the global temperature rise below 2°C above pre-
industrial levels and seven times higher to limit warming to 1.5°C. This points to
failure to respond to extreme weather and climate change as the greatest risk to
humanity [1], [3], [14], [16], [22].

Insufficient global participation and carbon price signals are currently the
most pressing challenges in the global response to climate change.

Thus, broadening participation and strengthening carbon price signals are
crucial tasks for addressing climate change.

2. ABOUT HVAC

The title is set in bold 14 pt Times New Roman (TNR), centered. Fist letter of
the title should be capitalised with the rest in lower case. You should leave 2 space (12
pt) below the title.

Heating, Ventilation, and Air Conditioning (HVAC) systems are essential for
keeping us comfortable and healthy every day. With the latest advancements in
technology, especially Artificial Intelligence (Al), the HVAC industry is seeing a
major transformation. Al algorithms and machine learning are making HVAC systems
smarter and more efficient, helping to optimize energy use [9], [11], [13], 17], [20].

Buildings are complicated and ever-changing environments where the thermal
flow shifts due to varying occupancy and weather conditions. To optimize an HVAC
system's performance, it's important to understand energy flow and predict its changes.
The huge amount of data and complex equations needed to ensure optimal HVAC
performance can be overwhelming for traditional energy management systems.

Did you know that HVAC systems are responsible for 40% of a building's
energy use, with about 30% of that energy usually going to waste?

Al helps improve HVAC systems primarily through smart data analysis. These
Al algorithms can sort and analyze tons of data to spot patterns, including temperature,
humidity, occupancy, and weather conditions. Since energy costs fluctuate throughout
the day, this is another factor considered. The data processing can happen on-site, in
cloud data centers, near the system sensors, or using a mix of these methods [2], [5],
[19], [21].

The following diagram shows the simplified setup of a typical HVAC system.
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Fig.1. HVAC system

3. REAL-WORLD OUTCOMES OF Al IN HVAC
IMPLEMENTATIONS

Although using Al in HVAC systems is still relatively new, there are already
some real-world success stories.

For example, in 2020, Yokogawa used Al to cut energy use at its
semiconductor sensor manufacturing plant in Miyada-mura, Japan. According to the
International Society of Automation, the Al model used a reinforcement learning
algorithm to run the HVAC system in the company's clean room fabrication
environment.

The goal was to keep the environment tightly controlled while using as little
energy as possible. Clean rooms at the facility used liquefied petroleum gas and
accounted for 30% of the plant's total energy consumption. Yokogawa's Al system
worked alongside the existing HVAC setup and conventional controls, requiring
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minimal capital investment. After several months of self-driven model refinement,
energy consumption dropped by 3.6%.

In another case, BrainBox Al, an HVAC company in Montreal, Canada,
showecased its Al technology in a 509,612-square-foot shopping center. They converted
the traditional HVAC system into an autonomous one using custom algorithms running
in the cloud [4], [6], [7].

These algorithms combined building data collected over several weeks with
external weather and energy-tariff data to optimize the system's operation. After a year,
electricity savings reached 21% (205,214 kWh), with the Al ensuring the required
building-zone temperatures were maintained while significantly reducing the HVAC
equipment's runtimes.

4. HOW Al IS REVOLUTIONIZING HVAC SYSTEMS

Current HVAC systems are part of the problem. “Inefficient HVAC systems
consume excessive energy, often derived from fossil fuels, to heat, cool, and ventilate
assets, contributing to 4% of greenhouse gas emissions globally,” says Mateusz
Lukasiewicz, digital projects manager at KEO International Consultants. This firm
specializes in planning, architecture, engineering, sustainability, project and
construction management, and digital advisory services. “The increased resource usage
results in higher emissions of carbon dioxide, methane, chlorofluorocarbons, and other
greenhouse gases, intensifying climate change and environmental degradation,” he
explains.

As building managers look to improve HVAC performance with new
technologies, integrating Al and machine learning is a promising approach. These
advancements can optimize building operations and help address sustainability
concerns.

4.1. Enhanced Comfort and Personalization

Al-powered HVAC systems can learn what people like and adjust settings
accordingly. By analyzing patterns and user behavior, Al algorithms can create
personalized comfort profiles, ensuring individualized temperature and airflow control
in different areas of a building. This personalized approach enhances occupant comfort
and satisfaction.

4.2. Energy Efficiency and Cost Savings

Al algorithms optimize HVAC system operation by continuously analyzing
and adapting to real-time conditions. By considering factors like outdoor temperature,
occupancy patterns, and thermal loads, Al-powered systems adjust settings
dynamically, maximizing energy efficiency. This results in reduced energy
consumption, lower utility bills, and a smaller carbon footprint.
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4.3. Predictive Maintenance and Fault Detection

Al algorithms also enable predictive maintenance for HVAC systems. By
analyzing performance data, Al can spot early signs of equipment wear or potential
issues. This proactive approach allows for timely maintenance, reducing downtime and
improving system reliability. Al also helps with fault detection and diagnostics,
quickly identifying the root cause of problems for prompt resolution.

4.4. Smart Load Management and Demand Response

Al algorithms optimize energy usage by managing HVAC loads intelligently.
During peak demand periods, Al-powered systems can automatically adjust
temperature settings or activate load-shedding strategies to reduce energy consumption
without compromising comfort. This smart load management helps stabilize the grid
and lowers overall energy costs.

5. MACHINE LEARNING WITH BRAIN.JS

Machine learning is one of the hottest topics in the tech world right now. It is
the science of making computers learn from data and perform tasks that normally
require human intelligence, such as image recognition, natural language processing,
recommendation systems, and more.

Brain.js is a JavaScript library that allows you to create and train neural
networks using GPU and fallback to pure JavaScript when GPU is not available. You
can export and import trained models, use cross validation, stream training and more
features with Brain.js. It is simple, fast and easy to use, and provides multiple neural
network implementations as different neural nets can be trained to do different things
well.

A neural network is a computational model that mimics the structure and
function of the human brain. It consists of layers of nodes called neurons connected by
weights. The weights determine how much influence each neuron has on the next
layer. The neural network learns by adjusting the weights based on the input and output
data.

This is an example of data related to an HVAC system for Al optimization.
This data includes various parameters such as temperature, humidity, airflow rates, and
energy consumption, which can be used to train and optimize Al models for HVAC
system optimization:

Timestamp, Indoor Temperature (°C), Outdoor Temperature (°C), Humidity
(%), Airflow Rate (m"3/s), HVAC Setpoint (°C), Energy Consumption (kWh)
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Table 1. Example of data related to an HVAC system for Al optimization

Timestam Indoor Outdoor Humidit | Airflo | HVAC Energy
p Temperatur | Temperatur y (%) w Rate | Setpoin | Consumptio
e (°C) e (°C) (m"3/s | t(°C) n (kWh)
)

2022-01-01 22 5 50 0.5 20 10
08:00:00

2022-01-01 23 6 48 0.6 21 11
09:00:00

2022-01-01 24 7 47 0.7 22 12
10:00:00

2022-01-01 25 8 45 0.8 23 13
11:00:00

2022-01-01 26 9 44 0.9 24 14
12:00:00

2022-01-01 27 10 42 0.8 25 13
13:00:00

2022-01-01 28 11 41 0.7 26 12
14:00:00

2022-01-01 29 12 40 0.6 27 11
15:00:00

2022-01-01 30 13 39 0.5 28 10
16:00:00

2022-01-01 31 14 38 0.4 29 8
17:00:00

This data includes timestamps representing hourly intervals, along with
corresponding values for indoor and outdoor temperature, humidity, airflow rate,
HVAC setpoint, and energy consumption.

In this Brain.js starter program, the prediction refers to the output generated by
the neural network based on the input data provided.

In the provided example, the neural network is trained using dummy data
where each data point consists of input values representing indoor temperature, outdoor
temperature, humidity, and airflow rate, and corresponding output values representing
HVAC setpoint and energy consumption.

After training the neural network with this data, the program makes a
prediction by providing a dummy input object { indoorTemp: 27, outdoorTemp: 10,
humidity: 42, airflowRate: 0.8 } to the neural network using the net.run() method.

The output of the prediction is then logged to the console using
console.log(‘Prediction:’, output);.

The specific output of the prediction will vary based on the trained neural
network's learned patterns and relationships between the input and output data. It could
include predicted values for HVAC setpoint and energy consumption based on the
provided input data.
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const brain = require('brain.js’);

// Dummy data
const data = [

2, outdoorTemp: 5, humidity: 5@, airflowRate: ©.5 }, output: { setpoint: 28, energyConsumption:
3 irflowRate: 8.6 }, output: { i » energyConsumption:

airflowRate output: { int: 22, gyConsumption:

airflowRate output: { int: 23, energyConsumption:

, airflowRate: 8.9 }, output: { int: 24, energyConsumption:

IH

// Create a neural network
const net = new brain.NeuralNetwork();

// Train the neural network
net.train(data);

// Dummy input for prediction
const input = { indoorTemp: 27, outdoorTemp: 10, humidity: 42, airflowRate: 8.8 };

// Make a prediction
const output = net.run(input);

// Output the prediction
console.log( Prediction:’, output) ,'|

Fig.2. Brain.js Starter Program

After running the program, it gave the result Prediction: {setpoint:
0.9999996423721313, energyConsumption: 0.9999992847442627}.

The output  {setpoint:  0.9999996423721313, energyConsumption:
0.9999992847442627} signifies the predicted values for the HVAC setpoint and
energy consumption based on the input data provided to the trained neural network.

In Brain.js, the output values are normalized between 0 and 1 by default during
the training process. Therefore, the predicted values are also within this range after
running the neural network.

For the specific prediction provided:

e setpoint: 0.9999996423721313: This indicates that the neural network predicts
the HVAC setpoint to be very close to 1, which is likely the maximum or
optimal setpoint value. The actual value would need to be denormalized back
to its original scale (e.g., degrees Celsius) based on the range used during
training.

e energyConsumption: 0.9999992847442627: Similarly, this indicates that the
neural network predicts the energy consumption to be very close to 1, which
could suggest high energy consumption. As with the setpoint, the actual value
would need to be denormalized back to its original scale (e.g., kWh) based on
the range used during training.

Here's a more complex version of the starter program that includes additional
layers and neurons in the neural network, as well as more sophisticated preprocessing
of the input data:
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5 hvac-improvedjs X

proved,
const normalizedData = data.map(({ input, output }) => ({
output: {
energyConsumption: output.energyConsumption / 28, // Normalize energy consumption (assuming maximum value of 28)

// Create a more complex neural network with hidden layers
const net = new in.NeuralNetwork({
hiddenLayers: 3], // Two hidden layers with 8 neurons each

1
1)
// Train the neural network with normalized data
net.train(normalizedData);

// Dummy input for prediction (normalized)

const input = {
indoorTemp: 88, // Normalize indoor temperature
outdoorTemp 5@, // Normalize outdoor temperature
humidity / 160, // Normalize humidity
airflowRate / 1, // Normalize airflow rate
operatingHours: 8 / 24, // Normalize operating hours
occupancy: 1, // Occupancy (binary value)

// Make a prediction
const output = net.run(input);

// Denormalize the predicted output values
const denormalizedOutput = {
setpoint: output.setpoint * 3@, // Denormalize setpoint
energyConsumption: output.energyConsumption * 2@, // Denormalize energy consumption

// Output the denormalized prediction
console. log( "Prediction: ', denormalizedOutput);

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  PORTS

ode hvac-improved.js
027

ca\Desktop\f
etpoint: 21.
onsumption: 11.767
PS C:\Users\ghica\Desktol

Fig.3. Brain.js Starter Program

In this updated version of the program:

e Additional input data, such as operating hours and occupancy status, are
included in the training data and the prediction input.

e The input and output values are normalized before training the neural network
to improve convergence and stability during training.

e The neural network architecture includes two hidden layers with 8 neurons
each, making the network more complex and capable of capturing nonlinear
relationships in the data.

e After making a prediction, the output values are denormalized to obtain the
predicted setpoint and energy consumption values in their original scales.
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The result  {setpoint:  21.011354327201843, energyConsumption:
11.767369508743286} signifies the predicted values for the HVAC setpoint and
energy consumption after denormalizing the output of the neural network.

In this version of the program, the prediction output values are denormalized to
obtain the predicted values in their original scales. These values represent the neural
network's predictions for the HVAC system based on the input data provided.
Specifically:

- setpoint: 21.011354327201843: This indicates that the neural network
predicts the HVAC setpoint to be approximately 21.01 units, which could represent the
optimal setpoint value for the given input conditions

- energyConsumption: 11.767369508743286: Similarly, this indicates that the
neural network predicts the energy consumption to be approximately 11.77 units,
which could represent the expected energy consumption level for the HVAC system
under the given input conditions.

5. CONCLUSIONS

The integration of Artificial Intelligence (Al) in HVAC systems is an ongoing
process with exciting future trends.

Acrtificial Intelligence is revolutionizing HVAC industry, empowering systems
to deliver personalized comfort, maximize energy efficiency, and reduce costs.
Through the integration of Al algorithms and machine learning, HVAC systems can
adapt to changing conditions, optimize energy consumption, and proactively address
maintenance needs.

Future Al-powered HVAC systems will have enhanced capabilities to optimize
energy efficiency further. Al algorithms will leverage advanced machine learning
techniques to continuously learn and adapt to building dynamics, occupant behaviors,
and weather conditions. This will result in more precise and dynamic energy
management, reducing waste and maximizing energy savings.
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IS THE EUROPEAN INFRASTRUCTURE READY FOR
LONG HAUL ELECTRIC TRANSPORTATION? AN
ANALYSIS OF A FREIGHT TRANSPORT FROM ROMANIA
TO GERMANY USING AN ELECTRIC SEMI-TRAILER
TRUCK

ALINA PANCIUY, MIHAI VICTOR ZERBES?, LUCIAN LOBONT?

Abstract: The heavy-duty vehicle sector is responsible for over 25% of the greenhouse
gas emissions generated by road transport in the EU. In order to achieve their ambitious
objectives stated in the” Fit for 55” Package, the European Institutionshave to provide the legal
framework, that will compel the member states to assure the infrastructure to support the
transition towards more sustainable modes of transport, and to put the Union on track for the
full decarbonization of the transport sector by 2050. Thus, the new Alternative Fuels
Infrastructure Regulation (AFIR) — part of’Fit for 55” Package,has to ensure there is sufficient
public charging infrastructure to follow the deployment of zero emission cars and semi-trailer
trucks. Accordingly, the top ranked European semi-trailer truck makershave to align their
industrial plans and business activity to fully transition to zero-emission semi-trailer truck sales.
The purpose of this analysis is to evaluate the possibility of a heavy-duty electric semi-trailer
truckto carry out a trip on a frequent commercial route between Romania and Germany. The
scientific paper is based on an analysis in the form of a case study generated on the basis of a
theoretical requirement. The results will show to what extent electric vehicles and infrastructure
are ready for this type of transport. After results examination, we found that our findings
overlap with the literature and that there is still much room for improvement in this area. Major
changes are needed, namely additional investments in infrastructure and subsequent detailed
analyses of the opportunity to develop the use of electric vehicles..

Key words: battery electric trucks, European infrastructure, electric long-haul trips,
AFIR regulation, zero emission vehicles, electric charging stations.

1. INTRODUCTION

The heavy-dutyvehicle (HDV) sector is responsible for over 25% of the
greenhouse gas emissions from road transport in the EU. CO; emission standards for
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certain heavy-duty vehicles were first set in 2019, with targets for the period 2025-
2029 and for the period after 2030, with a provision to review these regulations by
2022 [1].

On the 14th of February 2023, the Commission presented a proposal to revise
the CO- emission standards for heavy-duty vehicles. Although the proposal is not part
of the” Fit for 55” legislative package, it is closely linked to it as it contributes to the
EU's target of reducing its net greenhouse gas emissions by at least 55% by 2030
compared to levels of 1990 and to achieve climate neutrality by 2050. The main
proposed changes relate to the extension of the scope of the regulation to include buses
and trailers, the definition of the term "zero emission vehicle" and the new EU
emission reduction targets for 2030, 2035 and 2040 [1].

Even though, from an economic point of view, road transport is indispensable,
acting as a backbone of trade, facilitating the movement of goods within and outside
the EU (European Union), its environmental footprint is substantial: heavy vehicles
account for less than 5% of on European roads, but are responsible for around 25% of
carbon dioxide (CO,) emissions from road transport and around 2-4% of total EU
emissions. Despite the overall decrease in CO, emissions in various sectors in the EU,
semi-trailer truck emissions have increased steadily over the last three decades (1990-
2020), except for a short decrease in 2020 due to the COVID-19 pandemic. The
sector's considerable greenhouse gas emissions underline its dual role as an economic
catalyst and significant environmental threat [2].

Electrification quickly emerged as a potential solution to this challenge.

Although there is no clear technological method for electrifying road freight transport
to date, potential solutions include the direct use of electricity in battery-powered semi-
trailer trucks and fuel cell semi-trailer trucks powered by green hydrogen from
renewable electricity [3].
The EU supports the electrification of the transport sector through the "Fit for 55"
legislative package, which aims to implement legal provisions, mandatory for the
member states, which have the effect of reducing greenhouse gas emissions by at least
55% by 2030 [4]. By transitioning from predominantly diesel-powered semi-trailer
trucks to electric ones, the aim is to significantly reduce direct emissions. In addition,
as electricity grids continue to go green — thanks to the growing share of renewable
energy — the estimated emissions reductions from electrified road freight transport
continues to grow. While the conversion rates to electric semi-trailer trucks currently
available on the commercial market in the EU is less than 1% of total vehicle sales, as
indicated by the sales figures of heavy vehicle manufacturers, according to the
standards of existing CO,, there could be more than 600,000 such vehicles on
European roads by 2030 [5].

Semi-trailer trucks deliver essential goods to consumers and keep society
moving. They provide most of our daily needs, such as food or medical supplies. In
addition, they support essential public services such as construction, garbage collection
and firefighting and rescue services. Semi-trailer trucks are also the foundation of the
European logistics and transport system. The demand for freight transport is increasing
and all modes of transport will need to continuously improve to meet the needs of the
future. Road transport is expected to remain the most used mode of goods transport [6].
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Why would it be more important to switch from semi-trailer trucks that use
conventional fuels (diesel and petrol) to electric semi-trailer trucks? While cars are
parked most of the time, semi-trailer trucks are mostly in motion. A semi-trailer truck
can easily drive up to 150,000 kilometers per year — 12 times more than a passenger ca
[7]. For this reason, the scope of this paper is to analyze the sustainability of carrying
out a transport of goods with an electric semi-trailer truck, in order to observe the
existing advantages and disadvantages and to provide future improvement solutions.

2. METHODS AND SELECTION METHODOLOGY

In order to identify the current readiness of the long-haulroad freight with an
electric semi-trailer truck, we designed a theoretical transport on an important
commercial corridor from the industrial area of Sibiu to the industrial area of Munich,
in Dingolfing. To reach the purpose of our study, we followed these steps: we selected
a specific commercial road corridor in Europe, then we settled upon an electric semi-
trailer truck, researched the legislation that regulates road freight transport,
documented the charging stations and their capability to charge, on this specific route
and the approximate costs to carry out this transport. This study tries to point out from
both an economical and technical perspective the advantages and disadvantages of a
battery electric semi-trailer truck. The same methodology was used for a diesel semi-
trailer truck to establish a comparison in terms of route travel time and economic point
of view.

2.1. Selecting the route

In order to achieve its the zero emission policies, the European Commission
issued a regulation called AFIR -Alternative Fuels Infrastructure Regulation [4]. In
accordance with the provisions of this regulation, a plan is established for the
development of charging points so that semi-trailer truckscharging infrastructure will
be located along the Trans-European Transport Network (TEN-T), which spans over
108,000 km of road network across the EU [8].

The TEN-T road network, as provided for in Article 9 of Decision
661/2010/EU, consists of existing, new or to be adapted high-quality motorways and
roads, which:

* play an important role in long-distance traffic;

* bypass the main urban centers on the routes identified by the network;

* ensures interconnection with other modes of transport;

« connects the landlocked and peripheral regions with the central regions of the
Union [8].

In addition to those listed above, the network should guarantee users a high,
uniform and continuous level of service, comfort and safety. It also includes
infrastructure for traffic management, user information, incident and emergency
handling and management, electronic toll collection, or such infrastructure being based
on active cooperation between European, national and regional traffic management
systems [5]. Thus,we considered that choosing a route on the TEN-T core network,
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will be highly relevant for our study. As shown in figure 1(Corridor 9-Rhine-Danube
of TEN-T — light blue color on figure), our transport will start inCristian (Sibiu) —Arad
—Budapest—Vienna - Passau and willl end in Dingolfing (Munich) — 1.160 km [8].

Fig. 1. The selected route integrated in the Corridor 9-Rhine-Danube of TEN-T[8]
2.2. Selecting the means of transport

The latest report of the expert group within [9] declared that Scania, Mercedes-
Benz and Man semi-trailer trucks, are the three European frontrunners based on
theirannounced ambition, strategy and readiness. All three aim for 100% new zero-
emission semi-trailer truck (ZET) sales by 2040or earlier. Volvo semi-trailer trucks is
the current market leader in battery-electric semi-trailer truck sales in Europe and
themanufacturer with the most ambitious 2030 target (70% ZET sales share).Renault
semi-trailer trucks and IVECO Groupare lagging behind in the transition. DAF closes
the ranks with a very weak score, having no public ZETtarget for 2030. We selected
four of these manufacturers, namely, Scania [10], Mercedes-Benz [11], Volvo semi-
trailer trucks [12] and Renault semi-trailer trucks [13] and formally, requested the
technical data and price offers through their official Romanian dealers, in order to
decide which electric semi-trailer truck trailer is more suitable for the long haul
between our point of departure and destination. First, we singled out the essential
features presented in the technical data sheets as shown in the table 1 and secondly, a
criterion analysis was carried out, taking into consideration the lowest purchase price,
the highest range, the shortest time of charge and the longest period of warranty.
Therefore, the best option for the task was Mercedes-Benz eActros 600 LS.

2.3. Identifying long-haul semi-trailer truck trips

In this study, we focus on BETs that use public chargers to reach their
destination, including a single charge at the point of departure, e.g., depots [14]. We
must consider the fact that [15] define HDVs long-haul, if they have a travel period of
around 333 km using average travel speed on German roads and a buffer distance,
resulting in 4.5 hours. In another paper, [16] use 350 km as a distance threshold and
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[17] define a trip as being long-haul, ifit exceeds distances over 400 km. In our study,
we follow the frequently used distance-based definition of “long-haul operation” that
considers point of origin and destination with travel times over4.5 h or 360 km distance
traveled using the typical average speed of semi-trailer trucks of about 80 km/h [14].

Table 1. Criterion analysis for the selection of an electric semi-trailer truck trailer

Brand Mercedes Scania Volvo Renault
Features | eActros 600 LS R400E FH 42 E-tech T
Year of production 2024 2023 2023 2023
Purchase price * 320.000 365.000 392.000 350.000
Maintenance 120.000 120.000 120.000 120.000
interval(km)
Range(km) 500 320 300 300
Charging time . '
from 20-80%** 1h 2h 2hand 30 1 hand 20

*The prices are Euro and do not include VAT (value added tax).
** At direct current (DC) stations with a charging power of at least 135 kWh (kilowatt-hour).

2.4. Break and rest assumptions

We try to estimate the remaining range of the electric semi-trailer truck
batteries on each main segment of the road, in order to recharge on time, before the
batteries run lower than 20%, meanwhile we also applied the provisions of Regulation
(EC) No 561/2006 of the European Union, which states that the daily driving period
must not exceed 9 hours and drivers should stop driving at least 45 minutes, after a 4.5-
hour continuous drive. Those two periods of time charging/driver's break did not,
always, overlap.

2.5. Charging infrastructure

The selected electric semi-trailer truck has a charging capacity of 400 kW per
hour at an average CCS Type 2 (Type 2 is standard for European and Asian vehicles
from 2018 onwards, it's a triple-phase plug and can charge at a level of up to 43
kw;Combined Charging System is a version of type 2 with two additional power
contacts allowing fast charging) charging point, resulting an approximate 60 minutes
time frame to charge from 20% to 80% [18] and a 4-hour charging time, if the charging
point has al00-kW output socket. Therefore, it is imperative to planand indicate in
advance, the stations, which will mandatorymeet two conditions simultaneously:

* A loading power of at least 100 kw per hour;

* Access to the charging station as a semi-trailertruck.

2.6. Charging infrastructure
The average energy consumption rate for BETs varies significantly depending

on a variety of factors. ICCT [19] and Suzan & Mathieu [17] consider that the energy
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efficiency of new semi-trailer trucks entering the fleet will reach 1.2-1.23 kWh/km in
2030. Speth [15] notesan energy consumption of 1.23 kwWh/km. In their study, Lin and
Zhou [20] use real-world driving data of energy consumptionfrom 18 electric semi-
trailer trucks and found energy consumption of 0.80-1.20 kwWh/km on urban roads and
1.30-1.80 kWh/km onhighways. Mareev [16] also find that real-world BET energy
consumption rates are between 1.23 kWh/km and 1.94 kWh/km,depending on speed
limits and road type and Al-Hanahi [21] pointed outtheenergy consumption of the
BETs is between 1 and 1.75 kWh/km. The manufacturer Mercedes-Benz technical data
report a 500 km range and 600 kWh of usable battery capacity, resulting a 1.2 kWh/km
consumption, for our selected semi-trailer truck.

Table 2. The structure of the selected route and the consumption of the electric semi-trailer

truck
Time
No Road Road [h Remained Elapsed Time from
‘|Category| Segment |Dist.| and |Consumption| range [km]/ departure
[km]| min] [kWh] Capacity[kW] [min]
National - 500 | 600
Road Cristian —
1. DN1 Cal:/zliifiurn 13.7| 12 16.44 486.3 | 583.5 12
/DN7H
. Calea Surii
o |HigWaY | i |42 | 1| 1704 | 3443|4131 118'
Al . 46'
Cosevita
National C ta -
3.| Road ,\;Z‘?Vi;lz 15 | 18 18 329.3 | 395.1 136"
DN68A g
Highway | Margina - 1h 172.3 | 206.7 . , ,
. . +60'=
4 Al Nadlac 157 56' 188.4 297 | 356,7 2527+ 60=312
Highway | Nadlac - , :
5. M43 Szeged 57 | 43 68.4 240 | 288.3 369
Highway | Szeged - 1h e
6. M5 Gyl 137 43 164.4 103 | 123.9 472
Highway| Gyal- , 400 | 480 492'+60'=
7 MO | Torokbalint 30| 20 36 370 | 344 (charging)= 552
Highway |Torékbalint- 1h . . .
8. M1 Nickelsdorf 157 57 188.4 213 | 155.6 |552'+60'+660'=1272
Highway |Nickelsdorf- . 156 | 87.2 S , ,
. . + =
9 A4 Mannsworth 57 | 43 68.4 200 280 1351 120'=1471
Express | Mannsworth , ,
10. road S1 | Vosendorf 18 | 13 21.6 482 | 458.4 1484
11, |Highway | Vosendorf- | o0 | g, 45.6 444 | 412.8 1522
A21 |Hinterleiten
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Highway Hinterleiten- 282 | 2184 1642 ****
12.| Al- Passal 162 | 2h 194.4 416 | 500 +60' (charging)=
A25 1702'
Highway | Passau- 1h ,

13. A8 - A3 | Deggendorf 128 36 153.6 288 | 346.4 1798
Highway | Deggendorf , 1830' =
14 A92 Dingolfing 45 32 675 243 | 2189 1 day 6h 30’

At the point of origin, Cristian (Sibiu), the electric semi-trailer truck trailer will
be fully charged, according with the Romanian provider tariffs, which are calculated
depending on consumption thresholds as in equation 1 [22].

Co= 0,26 Euros x 500 kW = 130 Euros (1)

where C represents the charging cost, calculated according to each
transitcountry/provider.

On the chosen route, we will pass through Hungary, Austria with the final
destination Germany, so we will calculate the rate for 1 kWh, as we will find it on the
Plugshare application - for Romania and Hungary and the Smatrics application[23] -
for Austria and Charge Finder [24] in Germany.

* a stop is mandatory for the driver to take his mandatory 45-minute break,
after crossing the border at Nadlac. At the MOL Magyarcsanad filling station, right
after entering Hungary on the M43, there is a high-power charging station (equipped
with CCSType 2, power output = 11-150 kW, DC charging costs — 309 Ft/ 1kWh + 1
Ft/ 1kwh after 30 minutes), where Ft represent the abbreviation for Forint, which is the
Hungarian official currency.

During the break, for efficiency reasons, it will last for an hour, so the driver
can rest and the semi-trailer truckcan charge.

SoC; = 206.7kW, we will charge the batteries with 150 kW, where SoC — state
of charge.

C. = (309 x 150) + (1 x 30) = 46,350+30=46,380 Ft.=117 Euros  (2)

** another battery charge will be necessary, immediately after entering the
MO, because, we haveat our disposal, the Shell Szigetszentmiklés, high-power station
(equipped with CCS Type 2, a power output of 350 kW, DC charging cost 280
Ft/kwh), where it also accepts trailers, a fact clearly mentioned in the application:
S0C,=120 kw, charging time — 1 h, to achieve a 480 kW

C. = 360Ftx 280 kW = 100,800 Ft. = 254 Euros (3)

*** after one hour of driving, the driver will perform the mandatory 11-hour
rest period in the first parking place arranged for this purpose, after which, at the end
of this period, he will continue the journey to the border with Austria, without loading.
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*Charging is required, we have a high-power station (equipped with CCS Type
2, power output = 200kW) near Lidl, before entering the Vienna ring road, where we
will charge up to 80%, DC charging cost:

SoCs= 87.2 kW, we will also correlate the mandatory 45-minute driver break
with the 2-hour charging period.

C3=9.90 Eur. (pass/month) + 392,8 kWx 0,65 Eur. + 29 'x 0,15 Eur. =270 Eur. (4)

**** \When entering Passau we will charge, at OMV, at a high-power station
(equipped with CCS Type 2, power output = 350kW, DC cost = 0.69 Euro/kWh, where
we will charge up to 80%, SoC4=218.4 kW, after one hour of charging we will reach
almost 500 kw.

C4=281 kWx=0.69 Euros = 194 Euros 5)
Total cost with charging (on route) = 117 +254+270+194 = 835 Euros (6)
Total cost with charging per transport = 130 Euros + 835 Euros = 965 Euros  (7)

Meanwhile, for the diesel HDV, applying the same methodology, on the exact,
same route, we have the following results: a) after 4 hours and 12 minutes of driving,
the semi-trailer truck driver will take the mandatory break, provided by the law; b)
upon entering Austria, at Nickelsdorf, the driver must take the mandatory 11 hours of
rest after the 9 hours of driving; ¢) upon entering Germany, in Passau, the driver will
have a 15-minute break, after which he will continue the route to the destination.

Comparison between the duration of the trip
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Electiic senu-trailer truck Diesel semu-trailer truck

Fig. 2. The duration of the trip with the electric semi-trailer truck and with the diesel semi-
trailer truck

The diesel semi-trailer truck was fueled at the point of departure, in Cristian,at
the OMV Station, [25], where a liter of diesel costs 1.44 Euros/liter andthe total cost
for the fuel supply was 1.600 Euros(the tank has a 1.110 diesel liters capacity).Taking
into consideration that the consumption of Mercedes Actros 5 LFHS 1848 is 27
liters/100 km, as stated in the technical data sheet, and the consumption estimated for
the 1.160 km of is 300 liters, the total cost with fuel per transport is 432 Euros.
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The duration of the trip with an electric semi-trailertruck trailer was 1 day, 6
hours and 30 minutes, whilethe duration of the trip with a diesel semi-trailer truck
trailer lasted 1 day, 2 hours and 12 minutes. The difference is not that big as shown in
figure 2, but that is a relative fact, due to the fact that the research had its limitation as
regards to the period of the trip.

4. DISCUSSIONS

The analysis of long-haul freight transport with an electric semi-trailer truck
has highlighted several weaknesses of this mean of transport, but above all,
deficiencies in the high-power charging infrastructure and legislative loopholes, which
will discourage hauliers from converting their diesel semi-trailer truck fleets to electric
propulsion. Reducing the negative effects of these problems and improving them
would make electric freight transport cost-effective and sustainable.

4.1. Lack of high-power charging stations

There are two key factors for the widespread use of battery electric commercial
vehicles: increased range and shorter charging times. Charging time, which can be
guantified as distance per unit of time charged, should be considered for the whole
fleet and should also take into account lost charging time due to late charging or even
problems related to charging equipment (i.e., long queues, overheating, faulty errors).
The implementation of the MCS (Megawatt Charging System — very fast high power
charging system) provides the charging rate needed to achieve widespread adoption of
battery electrification in the commercial vehicle market by increasing driving range
gained per minute spent charging [26]. Commercial vehicle customers have very
specific driving patterns. The increased charging rate offered by MCS will allow
customers to cover as much distance as possible per day, using the mandatory break
time in the hours-of-service regulations.

These regulations require drivers to take an occasional break during their
driving cycle; the exact amount varies by location, but it is well understood that
reducing charging times to fit within normal duty cycle breaks is an enabler for
improved electrification for commercial vehicles. This is just one specific example of
how the MCS charging rate can activate the market [26]. We must note the lack of any
MCS along the analyzed route (neither charging application indicated the MCS).

4.2. The small number of special places for charging a semi-trailer truck
semi-trailer at existing stations

Another challenge an electric semi-trailer truck driver faces is the space
required at the charging point, when driving a semi-trailer truck. Given that the length
of an assembly is approximately 15 meters or more, it is important to choose a
charging station that allows access and has the necessary space, without
inconveniencing the other vehicles, located in the perimeter. So, it is imperative to plan
the transport route in detail and indicate the stations ahead, which will have to meet
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two conditions cumulatively: charging power of at least 100 kWh and access for a
semi-trailer truck.

In our case, we identified onlyl4 stations that meet these conditions (as in
figure 3), with the help of the Plug Share application, which facilitates the location of
the charging stations, the application of filters, according to the requirements of the
situation. These stations, are not evenly spread, a fact that discourages electric road
freight. Of course, there are other types of charging points, with less output power, but
they are neither next to the highway, nor they allow semi-trailer trucks. Transport
managers must calculate the stopping points for the drivers to charge both exactly and
preventively. Still at this moment in time, there is not an electric semi-trailer truck with
enough range that could cross this road segment without having to charge [27].
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Fig. 3. Fast'c‘harging stations on the selected route
4.3. Unpredictability of charging station prices depending on ownership

As shown in figure 4, the charging cost with electricity is twice as high as the
fuel supply cost for a transport, i.e., Cristian-Dingolfing, these costs will be doubled,
when returning Dingolfing-Cristian.

If the price of diesel is somewhat predictable, with little fluctuation from one
country to another (in our case study, there was no need to refuel, due to the tank large
capacity), the price of electricity is calculated differently, depending on several factors:

» The state, on whose territory the charging station islocated and the rates
regulated per kWh;

* The owner of the charging station;

» Effective charging time; there are stations, where, after a determined period
of time, every minute spent at the charging point will be reflected in the final cost,
aside the price of the kWh;

* The existence or not of a subscription; the tariffs without a subscription, are
not profitable, at all.
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Comparison between the fueling cost
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Fig. 4. The difference between fueling costs

As a solution to improve and encourage the use of electric semi-trailer trucks,
we propose the development of a common kWh pricing policy at the level of the
European Union, so that the carrier has, to a certain extent, the highest possible
predictability and stability of the current price.

4.4. Lack of regulations on road tolls and property taxes

In order to encourage the purchase of electric passenger vehicles, the EU
member states have granted various facilities, such as exemption from taxes and duties
due to local authorities or special parking spaces or even the freeparking spaces.

At the level of HDV, there is not, at this moment, in Romania, nor at the
European level, a clear policy that provides facilities for them. There was, at one
point,a debate at the level of the decision-making forums of the EU, to eliminate road
taxes (vignette, toll collection) for electric semi-trailer trucks, but it did not materialize,
in a legislative act, to regulate this field, at the European level, so for the moment,
there no road toll exemptions.

Also, the property taxes, which are quite high, in Romania, HDVs remained
without a special regulation, so that, for now, at least on the Romanian territory, the
law does not distinguish between an electric semi-trailer truck and a conventional fuel
semi-trailer truck. Considering the other disadvantages that arise from the purchase of
an electric semi-trailer truck, we can conclude that they are not a cost-effective
solution, neither for the transporter nor for the end customer, who will feel all these
additional costs in the final price of the product.

4.5. The inefficiency of purchase incentives, considering electric HDVs
high prices

In Many European countries offer tax support to stimulate the market uptake of

electric commercial vehicles, but these tax advantages and purchase incentives differ
greatly from one member state to another [28].
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Some states grant these benefits for the purchase of passenger vehicles, for the
purchase of electric semi-trailer trucks or electric buses, or for the development of
charging infrastructure. Of course, there are states that grant benefits for all sectors, but
there are states that do not grant benefits at all for the electrification of road transport,
among them we list: Hungary, Lithuania, Slovenia. Among the states with the biggest
incentives for the purchase of an electric semi-trailer truck, we can mention: Austria,
England, Belgium, Croatia, Cyprus, Finland, Germany, Iceland, Malta, Spain and
Sweden [28].

As we can see in figure 5, an electric semi-trailer truck is 3 times more
expensive than a diesel semi-trailer truck. Without the support of government funds or
non-reimbursable funds granted by the European Commission, through its various
programs or support packages, it will be impossible to convert heavy commercial
vehicle fleets to the zero-emission restriction.

350,000 Comparison between purchasing cos

300,000 —— 320,000

102,490

§=
8 50,000
-

Fig. 4. The difference between purchasing costs
4.6. Unpredictability of trip duration due to a number of factors

Time plays a crucial role in the road transport of goods, being essential in the
following aspects:

* Delivery efficiency: road freight must ensure pre-arranged deliveries,
according to chosen deadlines. Thus, the consignee does not need to create safety
stocks. This aspect eliminates excessive storage, the possible depreciation of goods
during storage and the immobilization of financial resources for stocks.

* Cost reduction: Freight companies are looking for solutions to reduce costs
and time to deliver goods.

* Influence on the cost of transportation: When referring to time as a factor
influencing the cost of freight transportation, one must consider the transportation time,
order time, delivery schedule, punctuality and frequency of runs.
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* Legal regulations: there are legal regulations that control driving and rest
time in the road transport of goods, legislated at the level of the member states. These
are intended to ensure road safety and prevent driver burnout.

4.7. Limitations of the research

In conclusion, effective time management in road freight transport can lead to
a number of benefits, including cost reduction, improved efficiency and compliance
with legal regulations.

Given the vital importance of time in transport, our analysis could not identify
to a scientific level of precision, the following issues that will cause unexpected delays,
during a trip:

* The periods in which the mandatory breaks of the driver cannot be correlated
with the battery charging period. In this situation, the transport time will increase,
because at the moment, there is no regulation, which considers the charging period as a
break and deducts it from the driver's service time.

» Waiting periods for performing customs formalities at state borders. The
study carried out did not take into account the waiting time at the borders. It is known
that there are queues, customs controls, which will cause delays, but the autonomy of
the electric semi-trailer truck will be affected by these queues and therefore, most
likely, at least one additional charge caused by these delays will be needed. An
additional charge will result in higher costs and increased travel time.

* Battery charging time below 20% and above 80%. Electric semi-trailer truck
manufacturers cannot estimate either the charging time, if the state of charge of the
batteries drops below 20%, or the charging time required for the batteries to be fully
charged. Therefore, if for various reasons, the driverlets the batteries drop below the
20% threshold, it will increase the charging time, which will generate additional costs
and delivery delays.

* Route topography and weather conditions. Thermal extremes (too hot or too
cold), as well as the differences in slope of the route, will play an important role on the
state of charge of the battery, with direct effects on the transport time and charging
costs. It is important to know these factors because they influence the range of the
batteries to a great extent.

*Other types of costs such as: tires costs, tolls and insurance costs, drivers'
salaries, miscellaneous other transport costs were not taking into consideration,
although they were calculated, due to the fact their values are the same at some point or
they differ slightly.

5. CONCLUSIONS

In the European Union, 732 electric semi-trailer trucks were sold in 2022 and
2.486 electric semi-trailer trucks in 2023 [6]. The number is not large, but it is a start.
The models of electricsemi-trailer trucksare neither various, nor their autonomy is, on
average, greater than 400 km, but the semi-trailer truck manufacturers have sensed the
electrification trend of this sector and evaluate the necessary improvement solutions.
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According to the data and analysis carried out in this study, it is not cost-
sustainable to transport a certain quantity of goods on a major trade route with an
electric semi-trailer truck at this moment in time. As presented infigures 3 and 4, the
most important cost differences:the purchase cost and the supply cost for the two semi-
trailer trucks are so great, that a transport company could not endanger their
profits/survival by converting its diesel fleet, for decarbonization sake.

Considering that all the costs presented above and the delaying time risks will
be reflected in theprice of the product reaching the final customer, it is reasonable to
conclude that any product transported, at this moment, with an electric semi-trailer
truck will not be able to be competitive or sustainable, due to the economical
component of the sustainability.

Most certainly, technological developments at the level of charging
infrastructure, diversity of models of semi-trailer truck heads, but also the development
of legislation related to this new field, will change the balance in favor of electric semi-
trailer trucks in the future.

Acknowledgements: This work was supported by the Learn.Inc 2021-1-RO01-
KA220-HED-000031136 project.

REFERENCES

[1]. Consiliul European, Comunicate de presa, 18 January 2024 Available:
https://www.consilium.europa.eu/ro/press/press-releases/2024/01/18/heavy-duty-vehicles-
council-and-parliament-reach-a-deal-to-lower-co2-emissions-from-trucks-buses-and-
trailers/(accessedon 30 March 2024).

[2]. Ertelt, S.-M., Beyond predict and provide: Embracing sufficiency synergies in
road freight electrification across the European Union. Energy Res. Soc. Sci., pp. 111, 2024.

[3]. Ploétz P., Wachsmuth J., Sprei F., Gnann T., Speth D., Neuner F., Link S,
Greenhouse gas emission budgets and policies for zero-Carbon road transport in Europe.
Clim. Policy, 23/3, 2023.

[4]. European Commission, Alternative fuels infrastructure, 2024, Available:
https://transport.ec.europa.eu/transport-themes/clean-transport/alternative-fuels-sustainable-
mobility-europe/alternative-fuels-infrastructure_en (accessed on 10 June 2024).

[5]. European Federation for Transport and Environment, Fully charged for
2030 -  Enough infrastructure  for  more  electric  trucks in 2030,
https://www.transportenvironment.org/articles/fully-charged-for-2030 (accessed on 23 March
2024).

[6]. ACEA, New commercial vehicle registrations in Q1 2024, Available:
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-12-6-trucks-
4-buses-23-3-in-g1-2024/(accessed on 1 June 2024).

[7]. ACEA, New commercial vehicle registrations in 2023, Available:
https://www.acea.auto/files/Press_release_commercial_vehicle_registrations_2023.pdf(accesse
d on 31 March 2024).

[8]. European Commission, Mobility and Transport - CORE NETWORK
CORRIDORS ON THE TEN-T, Auvailable:
https://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/site/en/maps.html (accessed on
13 June 2024).

260


https://www.consilium.europa.eu/ro/press/press-releases/2024/01/18/heavy-duty-vehicles-council-and-parliament-reach-a-deal-to-lower-co2-emissions-from-trucks-buses-and-trailers/
https://www.consilium.europa.eu/ro/press/press-releases/2024/01/18/heavy-duty-vehicles-council-and-parliament-reach-a-deal-to-lower-co2-emissions-from-trucks-buses-and-trailers/
https://www.consilium.europa.eu/ro/press/press-releases/2024/01/18/heavy-duty-vehicles-council-and-parliament-reach-a-deal-to-lower-co2-emissions-from-trucks-buses-and-trailers/
https://transport.ec.europa.eu/transport-themes/clean-transport/alternative-fuels-sustainable-mobility-europe/alternative-fuels-infrastructure_en
https://transport.ec.europa.eu/transport-themes/clean-transport/alternative-fuels-sustainable-mobility-europe/alternative-fuels-infrastructure_en
https://www.transportenvironment.org/articles/fully-charged-for-2030
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-12-6-trucks-4-buses-23-3-in-q1-2024/
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-12-6-trucks-4-buses-23-3-in-q1-2024/
https://www.acea.auto/files/Press_release_commercial_vehicle_registrations_2023.pdf
https://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/site/en/maps.html

ALINA PANCIU, MIHAI VICTOR ZERBES, LUCIAN LOBONT

[9]. Transport & Environment, Who are the frontrunners in the global race to clean
up trucks and gain technology leadership?, Available:
https://www.transportenvironment.org/wp-
content/uploads/2023/06/2023 06_truckmakers ZE readiness_report.pdf (accessed on 31
March 2024).

[10]. Scania, Vehicul electric cu baterii, Available:
https://www.scania.com/ro/ro/home/products/trucks/battery-electric-truck.html (accessed on 07
May 2024).

[11]. Mercedes Benz, Available: https://hub.mercedes-benz-

trucks.com/ro/ro/trucks/eactros-600.html (accessed on 2 April 2024).

[12].Volvo, Volvo FH Electric, Available: https://www.volvotrucks.ro/ro-
ro/trucks/electric/volvofh-electric.html (accessed on 7 May 2024).

[13]. Renault  Trucks, Conducerea  camioanelor electrice,  Available:
https://www.renault-trucks.ro/static/conducerea-camioanelor-electrice (accessed on 8 May
2024).

[14]. Shoman W., Yeh S., Sprei F., PI6tz P., Speth D., Battery electric long-haul
trucks in Europe: Public charging, energy, and power requirements, Transp. Res. D, pp. 121,
2023.

[15]. Speth D., PI6tz P., Funke S., Vallarella E., Public fast charging infrastructure
for battery electric trucks — a model-based network for Germany, Environ. Res.: Infrastruct.
Sustain., 2022

[16]. Mareev I., Becker J., Sauer D.U., Battery Dimensioning and Life Cycle Costs
Analysis for a Heavy-Duty Truck Considering the Requirements of Long-Haul Transportation,
Energies, 2017.

[17]. Suzan S., Mathieu L., Unlocking Electric Trucking in the EU: long-haul trucks:
long-haul trucks: recharging along highways, Available: https://te-
cdn.ams3.digitaloceanspaces.com/files/202102_pathways_report_final.pdf (accessed on 20June
2024).

[18]. Mercedes-Benz Trucks, Modelul eACTROS 600 in detaliu, 2024. Available:
https://hub.mercedes-benz-trucks.com/ro/ro/trucks/eactros-600.html#eactros600 _technical-data
(accessed on 2 April 2024).

[19]. ICCT, Estimating the infrastructure needs and costs for the launch of zero-
emission  trucks, International Council on Clean Transportation, Available:
https://theicct.org/publication/estimating-the-infrastructure-needs-and-costs-for-the-launch-of-
zero-emission-trucks/ (accessed on 20 April 2024).

[20]. Lin J., Zhou W., Important factors to daily vehicle routing cost of battery
electric delivery trucks, Int. J. Sustain. Transp., 2020.

[21]. Al-Hanahi B., Ahmad 1., Habibi D., Masoum M., Charging Infrastructure for
Commercial Electric Vehicles: Challenges and Future Works, IEEE Access, 2021.

[22]. Avest, Pretul energiei consumul cashic 2024, Available:
https://www.avest.ro/blog/?pretul-energiei-consumul-casnic-2024(accessed on 12 June 2024).

[23]. SMATRICS, Tariffs, 2024. Available: https://smatrics.com/en-
AT/charging/tariffs (accessed on 24 April 2024).

[24]. Charge Finder, Charghing stations, Available:
https://chargefinder.com/en/charging-station-taufkirchen-omv-taufkirchen/r38x3p (accessed on
24 April 2024).

[25]. OMV, Pret statie de distributie, Available: https://www.omv.ro/ro-ro/statii-de-
distributie-carburant/localizare-statii-omv (accessed on 15 June 2024).

261


https://www.transportenvironment.org/wp-content/uploads/2023/06/2023_06_truckmakers_ZE_readiness_report.pdf
https://www.transportenvironment.org/wp-content/uploads/2023/06/2023_06_truckmakers_ZE_readiness_report.pdf
https://www.scania.com/ro/ro/home/products/trucks/battery-electric-truck.html
https://hub.mercedes-benz-trucks.com/ro/ro/trucks/eactros-600.html
https://hub.mercedes-benz-trucks.com/ro/ro/trucks/eactros-600.html
https://www.volvotrucks.ro/ro-ro/trucks/electric/volvofh-electric.html
https://www.volvotrucks.ro/ro-ro/trucks/electric/volvofh-electric.html
https://www.renault-trucks.ro/static/conducerea-camioanelor-electrice
https://te-cdn.ams3.digitaloceanspaces.com/files/202102_pathways_report_final.pdf
https://te-cdn.ams3.digitaloceanspaces.com/files/202102_pathways_report_final.pdf
https://hub.mercedes-benz-trucks.com/ro/ro/trucks/eactros-600.html#eactros600_technical-data
https://theicct.org/publication/estimating-the-infrastructure-needs-and-costs-for-the-launch-of-zero-emission-trucks/
https://theicct.org/publication/estimating-the-infrastructure-needs-and-costs-for-the-launch-of-zero-emission-trucks/
https://www.avest.ro/blog/?pretul-energiei-consumul-casnic-2024
https://smatrics.com/en-AT/charging/tariffs
https://smatrics.com/en-AT/charging/tariffs
https://chargefinder.com/en/charging-station-taufkirchen-omv-taufkirchen/r38x3p
https://www.omv.ro/ro-ro/statii-de-distributie-carburant/localizare-statii-omv
https://www.omv.ro/ro-ro/statii-de-distributie-carburant/localizare-statii-omv

IS THE EUROPEAN INFRASTRUCTURE READY FOR LONG HAUL ELECTRIC
TRANSPORTATION? AN ANALYSIS OF A FREIGHT TRANSPORT FROM ROMANIA
TO GERMANY USING AN ELECTRIC SEMI-TRAILER TRUCK

[26]. CharIN Association, Recommendations and requirements for MCS related
standards bodies and solution suppliers, Available:
https://www.charin.global/media/pages/technology/knowledge-base/c708ba3361-
1670238823/whitepaper _megawatt_charging_system_1.0.pdf (accessed on 15 March 2024).

[27]. MacDonnell O., Wang X., Qiu Y., Song S., The Zero-Emission Truck and Bus
Market, Available: https://globaldrivetozero.org/site/wp-content/uploads/2023/06/Final_ZETI-
Report-June-2023_Final.pdf(accessed on 2 May 2024).

[28]. ACEA, Electric commercial vehicles-Tax benefits and purchase incentives 2023,
Available: https://www.acea.auto/fact/electric-commercial-vehicles-tax-benefits-and-purchase-
incentives-2023/ (accessed on 2 June 2024).

[29]. PlugShare, https://www.plugshare.com/, Available: https://www.plugshare.com/
(accessed on 3 May 2024).

[30]. ACEA, New passenger car registrations, European Union Report, 2023,
Available:https://www.acea.auto/pc-registrations/new-car-registrations-13-9-in-2023-battery-
electric-14-6-market-share/ (accessed on 2 June 2024).

This article was reviewed and accepted for presentation and publication within the 11th edition
of the International Multidisciplinary Symposium "UNIVERSITARIA SIMPRO 2024".

262


https://www.charin.global/media/pages/technology/knowledge-base/c708ba3361-1670238823/whitepaper_megawatt_charging_system_1.0.pdf
https://www.charin.global/media/pages/technology/knowledge-base/c708ba3361-1670238823/whitepaper_megawatt_charging_system_1.0.pdf
https://globaldrivetozero.org/site/wp-content/uploads/2023/06/Final_ZETI-Report-June-2023_Final.pdf
https://globaldrivetozero.org/site/wp-content/uploads/2023/06/Final_ZETI-Report-June-2023_Final.pdf
https://www.acea.auto/fact/electric-commercial-vehicles-tax-benefits-and-purchase-incentives-2023/
https://www.acea.auto/fact/electric-commercial-vehicles-tax-benefits-and-purchase-incentives-2023/
https://www.plugshare.com/
https://www.acea.auto/pc-registrations/new-car-registrations-13-9-in-2023-battery-electric-14-6-market-share/
https://www.acea.auto/pc-registrations/new-car-registrations-13-9-in-2023-battery-electric-14-6-market-share/

Annals of the University of Petrosani, Electrical Engineering, 26 (2024)

RELIABILITY OF BLASTING MACHINES USED TO
INITIATE ELECTRICAL DETONATORS

DAN GABOR!, MIHAELA PARAIAN?, ANCA TAZLAUANU3

Abstract: In underground or surface mining operations in Romania, blasting machines
manufactured before 1990 are still used to initiate electric detonators. These blasting machines
have a long or very long operating life and certain operating parameters have changed over time.
On the basis of the data collected during the periodic inspections, the data contained in the test
reports issued by the Laboratory of Non-Electrical Ex Equipment, Electrostatic Materials and
Personal Protective Equipment of INCD Insemex Petrosani, an analysis was made in this paper
of the parameters that change in a blasting machine over time, the possible causes and the
consequences of these changes. Data from test reports from 2003 to 2023, i.e., over a period of
20 years, performed on blasting machines manufactured in Romania and the former German
Democratic Republic was used for the analysis. According to the analysis carried out for the
preparation of this paper, it was found that the blast machines with the longest service life were
those produced in the former GDR, i.e., Vopil M514 blast machines, and that most of them were
inductor and capacitor blast machines. The parameters that changed as a result of long use were
the output voltage value, the pulse power and, in the case of blasting machines intended for coal
mining, the pulse duration.

Key words: blasting machines, electric detonators, mining.

1. INTRODUCTION

Blasting machines, also known as blasting caps, detonators or initiators, are
devices used to initiate explosive charges in mining operations. Advanced technologies
in this field include the use of capacitors to provide the energy required to initiate
explosions.

These devices are preferred for their accuracy and reliability, as they are capable
of delivering highly controlled pulses of energy. These devices are vital in various
applications including mining, construction and demolition.

Here’s an overview of blasting machines for initiating electrical detonators:
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2Ph.D., Eng.
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1.1. Types of Blasting Machines
1.1.1. Hand-Operated Blasting Machines

- These are manual devices that generate an electric charge when a handle is
turned or a plunger is pushed.

- They are typically used in smaller operations where portability and simplicity
are important.

- Example: Crank-operated or push-down blasting machines.

1.1.2 Battery-Powered Blasting Machines

- These machines use batteries to provide the necessary electrical current to
initiate detonators.

- They offer greater convenience and reliability compared to manual devices.

- Example: Digital or electronic blasting machines with rechargeable batteries.

1.1.3 Capacitor-Discharge Blasting Machines

- These machines store electrical energy in capacitors and release it in a sudden,
controlled burst to initiate detonators.

- They are known for their precision and ability to generate a high current pulse.

- Example: CD (capacitor discharge) blasting machines.

1.1.4 Electronic Blasting Systems

- Advanced systems that use microprocessors to control the initiation sequence.

- They offer features like programmable delay sequences and enhanced safety
mechanisms.

- Example: Electronic detonators with programmable delay options.

1.2. Operation and Safety

1.2.1 Initiation Process

- The blasting machine generates an electric current.

- The current travels through wires to the detonators.

- The detonators then initiate the explosive material.

1.2.2 Safety Measures

- Ensuring all personnel are at a safe distance before initiation.

- Using proper insulation and handling techniques to avoid accidental discharge.
- Regular maintenance and testing of blasting machines to ensure reliability.
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1.3. Applications

- Mining: Used for breaking rock and ore to access mineral deposits.
- Construction: Demolition of buildings, road construction, and tunnelling.
- Military: Controlled explosions for clearing obstacles or demolitions. [1]

Capacitors used in the manufacture of mining blasting machines are capable of
storing large amounts of electrical energy and releasing it rapidly to initiate a controlled
explosion. Types of capacitors used include:

- Electrolytic capacitors. Commonly used because of their large capacity and
relatively low cost. They can store a large amount of energy and release it quickly. They
have a fairly short lifetime (especially those produced in the past).

- Metallized polypropylene capacitors. These capacitors are used because of
their stability and ability to withstand high voltages. They have a long life and are
reliable in harsh conditions.

- Ceramic capacitors. They are used in applications that require high thermal
stability and good reliability. Their capacitance is small and they are rarely used as
energy storage capacitors in the production of mining blasters.

These types of capacitors are selected according to their working (operating)
voltage, energy storage capacity, physical size and reliability under extreme
environmental conditions.

The mining blasting machines that were analysed in this paper used high-voltage
(1000 ... 2000V) electrolytic capacitors with a large electrical energy storage capacity
(2 ... 20pF).

The reliability of capacitor-based blasting machines depends on several factors,
including the type and quality of capacitors used, circuit design and operating conditions.

Four types of mining blasting machines from different manufacturers were
chosen for the analysis. The analysis was carried out on a total of 775 blasters. Most
were of the Vopil M514 type (614 pieces). Vopil M514 are mining blasting machines
with capacitor, inductor and gas tube trigger and were produced in the former German
Democratic Republic since the 1960s.

2. CAPACITOR-BASED BLASTING MACHINES

2.1. Principle of operation

Capacitor-based blasting machines work by storing electrical energy in a
capacitor. When this capacitor is charged to the required capacity, the stored energy is
suddenly discharged to an electrical detonator, triggering the blast. [2]

2.2. Advantages of using capacitors

- Accuracy and control: Capacitor-based blasting machines can deliver accurate
and controlled electrical pulses, essential for the safe initiation of explosive charges.
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- Reliability: Compared to other types of blasting equipment, these machines are
less prone to failure.

- Safety: Because the energy is not permanently available in the circuit, the use
of capacitors reduces the risk of inadvertent triggering of the explosion. [3]

2.3. Main components

- Capacitor: Energy storage device.

- Charging circuit: The mechanism that charges the capacitor. The capacitor can
be charged by an inductor or by a voltage boosting electronic circuit.

- Detonator: The device activated by the electrical impulse supplied by the
capacitor to trigger the explosion, in other words the electrical fuse. [4]

2.4. Applicability

These blasting machines are widely used in mining, quarrying and other
industries where controlled explosions are required to fragment rock or other materials.

[5]
3. RELIABILITY OF CAPACITOR-BASED BLASTING MACHINES

Their reliability depends on several factors, including the type and quality of
capacitors used, circuit design and operating conditions. Here are some key points:

3.1. Capacitor quality

The use of high-quality capacitors from recognised manufacturers contributes
significantly to the reliability of blasters. Capacitors must be able to store and release the
required energy consistently and reliably. Poor quality capacitors can lead to major
failures and risks in mining operations. [6]

4. THE LIFESPAN OF HIGH-VOLTAGE ELECTROLYTIC
CAPACITORS

The lifespan of high-voltage electrolytic capacitors varies significantly based on
several factors, including operating temperature, voltage, and ripple current. Typically,
high-quality electrolytic capacitors have a base lifespan of around 5,000 to 10,000 hours
at their maximum rated temperature, usually 105°C. However, this lifespan can be
extended by operating the capacitor under less demanding conditions.

A common rule of thumb is that for every 10°C reduction in operating
temperature, the lifespan of an electrolytic capacitor doubles. For instance, if a capacitor
rated for 5,000 hours at 105°C is operated at 85°C, its lifespan could extend to around
20,000 hours. [7, 8]
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Additionally, operating the capacitor at a lower voltage than its maximum rating
can also improve its lifespan. For example, running a capacitor at 50% of its rated voltage
can approximately double its lifespan. [9]

The ripple current also impacts the lifespan. High ripple currents generate more
internal heat, which can shorten the capacitor's life. Operating at 50% of the rated ripple
current can potentially increase the lifespan by about 23%. [9]

For a precise calculation of the expected lifespan under specific operating
conditions, you can use the de-rating formula (Equations 1):

Lifeactual = lifebase - temperatureFactor - voltageFactor - currentFactor (1)
where each factor adjusts for operating conditions relative to rated conditions. [7, 8]

5. ANALYSIS OF DATA COLLECTED FOR THE STUDY OF
RELIABILITY OF CAPACITOR-BASED BLASTING MACHINES

The data analysed and studied were taken from the certification reports issued
after the periodic tests carried out at the Laboratory for Non-Electrical Ex Equipment,
Electrostatics, Materials and PPE of INCD Insemex Petrosani. Data were collected from
775 certification reports over a period of 20 years (Table 1).

Table 1. Situation regarding the type of blasting machines and the number of inspections
carried out at INCD Insemex Petrosani over a period of 20 years.

Type and number of blasting machines checked
vear VOPIL M514 AICmlI E1-200D ECI-100
2003 169 1 - 8
2004 55 4 5 7
2005 9 4 5 10
2006 146 10 6 2
2007 26 6 3 2
2008 97 10 3 2
2009 77 8 4 3
2010 18 3 - -
2011 - 3 2 -
2012 - - - -
2013 - 1 2 -
2014 2 3 2 -
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2015 4 3 ] 2
2016 - - - 2
2017 2 1 2 -
2018 - - - 1
2019 4 - 8 ]
2020 2 - 2 -
2021 - 1 - 1
2022 1 4 5 ]
2023 2 4 5 1
TOTAL 614 66 54 41

As can be seen from Table 1, most of the periodically inspected blasting
machines were of the Vopil M514 type (Figure 1), 614 certification reports.

Fig.1. Vopil M514 Blaster machine
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The Vopil M 514 mining blaster is designed to trigger low-intensity electric
detonators connected in series for carrying out blasting operations with explosives in
mines with a risk of explosive atmosphere (coal mines).

The procedure for working with VVopil M 514 blasters is as follows:

- Connect the ends of the main ignition cable to the terminals on the blaster;

- Mount the operating crank and turn it clockwise at a speed of more than 4
revolutions per second until the "charged" signal lamp lights up and then until the
explosion starts.

Technical data of VVopil M514:

- Rated voltage: 1800 V d.c.

- Capacity of the charging capacitor: 2 pF

- Maximum number of low-current electrical detonators connected in series: 100
pieces

- Maximum circuit resistance: 510 Q

- Type of detonator: low-current electric detonator

- Detonators must be connected in series only.

Since the analysis followed the behaviour of a mining capacitor-based blasting
machine over time, and the data on Vopil M514 blasters was much more extensive than
that on other types of blasters (EI-200D and ECI-100), only the behaviour of Vopil
M514-type blasters was followed.

The AICmI type mining blasters are of a different generation, they are
electronically triggered blasters, with firing circuit control, etc. They were not included
in this analysis.

The analysis was carried out on data from 18 blasting machines over a period of
7 years (2003 ... 2010). Of the 169 Vopil M514 blasters from 2003, only 18 were still
undergoing verification in 2010.

In the year 2023 only two blasting machines that had not been verified at INCD
Insemex Petrosani and therefore were not taken in the study, arrived to be verified.

Data were available for 6 repairs. Repairs were made by replacing the storage
capacitors in all cases, replacing the discharge tubes in 2 cases and re-magnetising the
inductor stator in one case.

It was also found that in 2 blasting machines the stored energy had increased at
some point which implies that they were repaired.

The study period was limited to only 7 years and to a set of 18 Vopil M514
blasters. It was found that 8 blasters were repaired during this period and therefore these
were also removed from the analysis. In the end, only 10 blasters were analysed over a
period of 7 years (2003 ... 2010).

The aim of the analysis was to determine the existence of a decrease in energy
output over the life of the blasting machines and the possible causes of this decrease.

Data was collected from test reports which included records of output voltage
and output energy.

The blasting machine shall be capable of reliably delivering sufficient ignition
energy (kRe) to reliably ignite the maximum number of electrical detonators with the
permissible ignition lead resistance in the circuit. [10]
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The value of the output pulse is plotted over the seven years for the 10 blasting
machines. (Figure 2).
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Fig.2. The output pulse variation
6. CONCLUSIONS

The analysis of the data collected over a period of 10 years from the certification
reports issued by INCD Insemex Petrosani revealed the following:

- Table 1 shows a sharp decrease in the number of units inspected in 2010. This
sharp reduction is due to the decline in the mining industry, particularly in the Jiu Valley.
Financial problems and reduced production caused mining units to abandon many of the
blasters they had previously used. Another explanation would be that they have started
to carry out their own periodic checks.

- The longest-lived capacitor-based blasting machines were those produced in
the GDR - Vopil M514.

- Vopil M514 blasters have electrolytic capacitors for energy storage, the
required voltage is supplied by an electromagnetic inductor and the triggering is done by
a gas tube.

- The graph in Figure 2 shows that there are variations in the energy released by
the blaster, in the sense of a decrease, but the decrease is small and does not pose a
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problem, even though the blasters are very old (blasters produced from the 1960s to 1987
were studied).

- Reducing the output voltage and/or reducing the capacity of the energy storage
capacitors can reduce the output energy.

- The drop in output voltage may be due to failure of the discharge tube (which
sets the voltage at which the discharge occurs).

- The drop in energy may also be due to a reduction over time in the capacity of
the capacitors that store electrical energy.

- A drop in the output voltage of the electromagnetic inductor causes the
detonator to stop working as it is unable to charge the capacitor to a voltage sufficient to
trigger it.

- Most repairs have been carried out by replacing the storage capacitors. The
inductor stators were also re-magnetised and the gas discharge tubes replaced.

- It was found that users of VVopil M514 blasters were gradually replacing them
with more modern, safer and more reliable electronic capacitor-based blasters, inductor-
charged blasters or battery-charged blasters.

- Vopil blasters were very reliable blasters, simple in design, robust and well
suited to the harsh working environment in which they were used.

- It was also found that the correct choice of components, robust circuit design
and regular and careful maintenance are essential to ensure the reliability of mining
blasters.

- The study would be more conclusive if data from more blasters could be
collected. Many of the blasting machines verified at INCD Insemex in 2003, although
still in use, have not been sent for verification and therefore traceability could not be
achieved for them.

- A future comparative analysis of electronic and induction mining blasting
machines can identify the advantages and disadvantages of the two types of mining
blasting machines. Also, by collecting and analysing data from electronic mining
blasting machines currently in use in mines, potential problems that may arise from long-
term use can be identified.
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ASPECTS REGARDING THE USE OF VARIABLE SPEED
DRIVES IN THE CASE OF EXPLOSION PROTECTED
ELECTRIC MOTORS USED IN EXPLOSIVE
ENVIRONMENTS

MIHAI MAGYARIL, DRAGOS FOTAU?, SORIN ZSIDO3

Abstract: This paper presents some of the most important aspects that have to
considered regarding the functioning of variable speed explosionproof electric motors designed
for use in explosive mixtures of gases and vapors, highlighting some of the most important
technical issues which can occur in practice, as well as some practical solutions in terms of
designing these types of electrical drives in order to overcome some of the short comes which
can arise while functioning in various technical installations of operators in the oil and gas
industry.

Key words: variable speed drive, explosionproof electric motor, explosive atmosphere.

1. GENERAL CONSIDERATIONS REGARDING VARIABLE SPEED
DRIVES

Explosion protected electric motors, designed to operate safely in hazardous
areas, such as oil and gas as well as chemical industry play a crucial role in preventing
accidents. Variable speed drives (VSDs) have been developed in order to enhance both
the safety and efficiency of these motors.

The reasons for a rotor cage three phase asynchronous electric motor to be
supplied by a static frequency converter, instead of a sinusoidal supply, is to reduce the
energetic consumption and to optimize the technological processes, improving the
reliability and safety in operation. Equipment consisting of rotor cage three phase
asynchronous electric motor supplied by a static frequency converter are designed to
enhance the performances in exploitation, in the sense of reducing the energetic
consumption, optimization of the technological processes, enhancing the reliability and
safety in operation, simplification of the installation and reducing of the costs for the
maintenance and repair of the overall equipment.

1 Ph.D., Eng., mihai.magyari@insemex.ro
2Ph.D., Eng.
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Explosion protected electric motors are designed to prevent the ignition of
surrounding explosive gases, vapors or dust. These motors have to be manufactured
according to explosion protection standards they and have to comply with certain rules
of certification, such as ATEX in Europe [1, 2] and IECEXx globally, ensuring they can
operate safely in classified hazardous areas.

The combination of an electric motor supplied via a frequency converter can be
used in a wide range of power drives systems in which the variation of speed ensures the
regulating of certain technological parameters (pressure, flow, etc.).

1.1. The Power Drive System

The concept of a power drive system (PDS) is used to describe an electric motor
drive system within an overall installation. The terminology is used throughout IEC and
EN standards relating to electrical variable speed drives to describe a combination of
components, including a power converter and motor. The conventional illustration of a
PDS and its component parts is shown in Figure 1 [3], [9], [11].

| |
Installation rt of installafi \
or part o7 installation .\ -\.

Power Drive System (PDS)

Complete Drive Module (CDM)

System control &
s2quencing I:l l:l
Basic Drive Module D
(BDM)
Control & Converter
Feading section &
auxlliaries |:| l:l
|

Motor & Sensors s

Driven Equipment I_:I

Fig.1. The Power Drive System

Where:

* BDM - Basic drive module consisting of power input, control and
power output selections;

* CDM - Complete drive module consisting of BDM and auxiliary
sections, but excluding the motor and motor — coupled sensors.

» PDS — Power Drive System, comprising CDM, motor and sensors.
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2. POWER DRIVE SYSTEMS (PDS) USED IN POTENTIALLY
EXPLOSIVE ATMOSPHERES

2.1. Operating conditions of the PDS

Usually only the motor and driven load will be installed in the potentially
explosive atmosphere, with the converter supply operating in a safe area.

Compared to a motor connected directly to a mains supply, the motor
manufacturer must take account of a converter supply changing the operation conditions
mostly due to:

- reduced cooling for self-ventilated motors at reduced speed, due to reduced
airflow;

- increased loses due to non-sinusoidal supply at the motor’s terminals leading
to increased temperature rise, compared to sinusoidal supply;

- specific additional heat generation, particularly in the rotor cage and supporting
structure as a result of harmonic currents;

- induced voltages in the rotor, which can lead to currents through the bearings
(due to PWM technology and high switching frequency);

- dielectric heating due to high frequency / voltages.

For these reasons the application of the ATEx Directive calls for an extra
attention to be paid when an Ex-motor is used with a frequency converter (CDM), and
may require them to be tested together for certification [1, 3], [10], [12].

2.2. Selection of Ex-motor and BDM/CDM for PDS applications

2.2.1. General

The safety aspects include ensuring that:

- no additional risks exist of sparks due to premature insulation failure or to shaft
voltages / bearing currents;

- no additional risks exist of exceeding the temperature class due to extra loses
and possibly lower cooling.

2.2.2. Risk management of sparks

The motor and converter manufacturers will ensure that bearing currents are
limited and sparks are prevented using techniques including:

- suitable stator insulation materials and techniques;

- reduction of voltage transients, by use of electrical filters.

- prevention of excessive bearing currents, by use of insulated bearings or
bearing houses, usually at the non drive-end of the motor, reduced or optimized
switching frequency, or by the use of electrical filters.

2.2.3. Risk management of excess temperature

The temperature class of the motor shall be checked by calculation or by testing
as required by the appropriate standard concerning the type of protection of the motor
[5, 8].
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There are two main methods for diminishing the risks of excess surface
temperature:

a) to have a physical feedback signal from the motor (thermal sensing element)
and use this signal to initiate shut down in the case of excess temperature;

b) to control and limit the heat (temperature) which can be generated by the
motor.

Temperature sensing technique uses thermostats, thermistors or RTD devices
embedded in the stator windings, with the appropriate controls to ensure that the
temperatures are within the permitted limits.

This does not always control any additional temperature rise within the rotating
element, and for high power motors the manufacturer / Notified Body may stipulate the
use of additional thermal detectors at the bearings.

It is also mandatory that the protection used in conjunction with the temperature
detectors is suitable for the purpose (including any intrinsic safety barriers where
appropriate). As the correct functioning of the protection is critical to the safety of the
overall system, the functional safety of the protection should be assessed and approved
in accordance with the appropriate standards [5, 8], [13].

Control of heating is achieved by limiting the current passing through the motor
at a specific frequency. As the torque generated is directly related to current, a loadability
curve may be established, which gives the maximum continuously available torque at a
particular speed or frequency. The curve is dependent on the motor design, and can be
advised by the manufacturer. The loadability curves must take into account the CDM
technology, the surface temperature class of the motor and the type of Ex protection
(flameproof enclosure, increased safety, etc.).

In many cases a manufacturer will publish the loadability curves for his products
to allow users to check that the load characteristics fall within the PDS capability. Figure
2 shows an example of a loadability curve for a cage induction motor, fed by an inverter.
This shows the reduction in torque capability at low speeds due mainly to the reduction
in ventilation, a reduction in torque at base speed to allow a sufficient margin for safety,
and a reduction above base speed due to the application of a constant voltage (field
weakening) [3, 6, 7].

0 0.5 1 15 2
Per Unit Speed

Fig.2. Example of loadability curve established by test for induction motor for PDS
use
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2.3. Specific requirements for flameproof “Ex d” and increased safety “Ex
e” electric motors

In the case of flameproof Ex d electric motors, the following requirements apply
[8]:

Flameproof electric motors Ex d supplied at variable frequencies and voltages
require either:

a) means (or equipment) for direct temperature control with the help of imbeded
sensors, which are specified in the technical documentation of the motor, or other
effective means for the limiting of maxium surface temperature of the motor enclosure.
The action of the protective device must lead to the disconnection of the motor supply.
In this case, it is not mandatory to test the combination between the motor and the
converter together; or

b) the motor to have been submitted to a type test, for this kind of service, as an
assembly together with the converter, specified according to the provisins of the standard
CEI 60079-0 and with the protective device provided.

The user must also observe that in some cases, the highest temperature occurs
on the motor shaft and for motors with type of protection increased safety Ex e terminal
boxes, when using converters with high frequency pulses in the output, care should be
taken to ensure that any overvoltage spikes and higher temperatures which may be
produced in the terminal box are taken into consideration.

As regards the type of protection increased safety Ex e, electric motors which
use this type of protection and which are supplied at varying frequency and voltage by a
converter, have to be type tested for this duty in association with the converter and the
protective device. The motors should be used within their electrical rating and the
converter configuration should be set to match the motor rating information with respect
to frequency range and any other specified parameters such as minimum carrier
frequency. The converter configuration shall enable to adjust the parameter [8].

The user shall also take into account that permanent magnet motors operate as a
generator while coasting after the power is removed. In the case of Level of
protection ’eb” where the voltage can be greater than the rated voltage, the motor-
converter system wil need to be suitable for the voltages that wil result [8].

3. PARTICULAR REQUIREMENTS IN THE CASE OF EXPLOSION
PROTECTED ELECTRIC MOTORS SUPPLIED BY STATIC FREQUENCY
CONVERTERS IN HAZARDOUS AREAS

3.1. Constructive characteristics

The electric motor has to be designed in such a way that the maximum surface
temperature of the enclosure of the motor is less (with a certain safety margin) than the
minimum ignition temperature of the gases and vapors which are specific to the
application in which it will be used.

In order to check and measure the external temperature of the motor running at
rated load, heating tests have to be carried out [5, 6].
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Most electric motors which are normally rated in T4 temperature class are being
tested by supplying via static frequency converter using a load characteristic according
to Figure 3.

il

Gab.200-315

Gab.63-180

AT

Fig.3. Loading characteristics [4]
3.2. Life expectancy of winding insulation

When the motor is supplied via a static frequency converter, the winding
insulation system will be submitted to higher dielectric stresses, as compared to
supplying the motor with sinusoidal voltages. When a current source converter is used,
voltage peaks are likely to occur in the motor, especially during the commuting phase,
voltage peaks which can lead to high stresses in the winding insulation system.

The dielectric stress of the winding insulation is caused by the peak voltage, the
rise time and the frequency of the impulses produced by the converter, the characteristics
and the length of the connections between the converter and the motor, the winding
construction, as well as other parameters of the entire system.

In order to deal with this issue, filters are sometimes required to be used at the
output of the converters [6, 7].

Due to the complex inter conditionings, it is necessary to have a careful design
of the entire electric power drive. This requires sometimes the use of filters at the output
of the converter [6, 7].

3.3. Thermal protection of the insulation

Usually, thermistors with positive temperature coefficient (PTC code),
which are imbedded in the windings of the motor, are used for the temperature
control of electric motors which are supplied by static frequency converters.
These thermistors are connected to the protective device of the static converter,
through the terminal box of the motor, thus ensuring that the motor can be
disconnected safely from the electric power supply, in case of overloading
conditions, so that the maximum temperature of the motor will not exceed the
maximum admitted limits. The entire system comprising the electric motor and
the frequency converter, for explosive atmospheres has to ATEX certified [1, 2,
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8]. The motors are tested when supplied by the converter and the temperature of the
motor is determined in order to predict the temperature evolution and to prevent the
overheating of the motor [6, 7].

3.4. Bearing currents

Several situations can cause bearing currents and, in all cases, the bearing
current will flow when the voltage is developed across the bearing sufficient to break
down the insulating capacity of the lubricant.

The main sources for this voltage are:

- Asymmetry in the magnetic circuit of a motor creates a situation that causes

slow frequency bearing currents (usually for motors with power greater than
400 kW);

- Electrostatic build up on the shaft of the motor due to the driven load such
as an ionized filter fan;

- High frequency common mode voltage at the motor terminals generates
common mode currents parts of which can flow through the bearings of the
motor or of the driven equipment. The common mode currents may also
generate a voltage across the bearings by transformer action. These effects
result from the use of fast switching semiconductor devices and can cause
bearing problems, due to different effects, in motors of all ratings.

In the case of generation of high frequency bearing currents, the most important
factors that define which mechanism is prominent are the size of the motor and how the
motor frame and the shaft are grounded. The electrical installation, meaning a suitable
cable type and proper bonding of the earthing conductors and the electrical shield, also
plays an important role, as well as the rated converter input voltage and the rate of rise
of the converter output voltage. The source of bearing currents is the voltage across the
bearing. There are three types of high frequency bearing currents: circulating, shaft
earthing and capacitive discharge [7].

3.5. Supply cables and the distance motor — converter

Several parameters have to be considered for the determination of the cross
section of the cable as well as the distance between the converter and the motor: the
value of the current, the maximum diameter of the sealing gasket of the cable gland entry
of the terminal box of the motor, the drop voltage across the cable, which can affect the
motor parameters. By using frequency converters, it is possible to compensate the
voltage drop across the supply conductors of motors which are located at great distances
from the converter [6, 7].

3.6. Frequency/speed variation field and maximum safety speed in
operation

Function of the design of the motor, operation at higher speeds can be allowed,
but this possibility has to be checked by appropriate testing.
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In the case of operation at speeds higher than the rated speed, the noise levels
and the vibrations increase. It may be necessary to re-balance the rotor in order to operate
at speeds higher than the rated speed.

Long term operation at speeds close to the maximum safety operation speed can
lead to a considerable life shortening of the bearings.

This may also affect the sealing of the shaft and / or the lubrication intervals of
the bearings [6].

4 CONSTRUCTIONAL AND FUNCTIONAL REQUIREMENTS IN THE
CASE OF EXPLOSION PROTECTED (FOR EXAMPLE FLAMEPROOF
ELECTRIC MOTORS ,EX D”, SUPPLIED BY STATIC FREQUENCY
CONVERTERS

Electrical motors which endorse the type of protection “flameproof enclosure”
have to be designed and manufactured according to the specific standards EN 60079 — 0
and EN 60079 — 1, and have to be certified by a Notified Body in the European Union.
The Notified Body will issue an ATEX certificate for the electric motor. The static
converter is normally located outside the Ex classified area (see also subchapter 2.3).

The most important subassemblies of flameproof enclosure motors that endorse
this type of protection are: stator casing, shields, rotor, fan and fan hood, terminal box,
terminal box cover, as shown in Fig.4.

Flameproof joints = - ___ Flameproof joints
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Fig.4. Flameproof enclosure motor assembly

In order to be ATEX certified, the electric motors designed with type of
protection flameproof have to be submitted to certain tests and verification in explosive
mixtures, according to the explosion group (or groups) for which the certification is
seeked. The enclosure of the motor (as well as the terminal box enclosure) have to
withstand the following type tests and verifications [5]:

- reference pressure determination and overpressure test;
- test for non-transmission of an internal ignition.

In the case of reference pressure determination, each test consists of igniting an
explosive mixture inside the enclosure and measuring the pressure developed by the
explosion.
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The explosive mixture is ignited by one or more ignition sources. The location of
the ignition sources, as well as of the pressure recording devices is left att the discretion
of the testing laboratory, based on its experience to find the combination that produces
the highest explosion pressure. After that, the enclousre will also be tested for the ability
to withstand 1.5 times this highest explosion pressure during the so called overpressure
test, so that the manufacturer of the motor will have to design the enclosure for this new
increased pressure of 1.5 times the reference pressure.

For the test for non-transmission of an internal ignition, which is normally carried
out in a so called explosion chamber, in which the enclosure of the motor is placed, both
the enclosure of the motor, as well as the explosion chamber are filled with the same
explosive mixture, at the concentration required by the specific standard (EN 60079-1).

The explosive mixture in the enclosure of the motor is then ignited using an
ignition device and it is observed whether the explosion inside the enclosure is
transmitted to the explosive mixture outside the enclosure (explosion chamber). This is
a yes / no test (a qualitative test), the only result that matters is whether the internal
ignition of the explosive mixture has been transmitted or not, to the external surrounding
atmospehere.

The electric motors are normally designed for use in hazardous gases and vapors
related to explosion groups I1B or I1C (which contains the most dangerous gases, in terms
of their explosion potential). The temperature class of these motors (that is the maximum
external surface temperature that can be obtained in normal operation, including any
abnormal operation, such as overloads, which are admitted by the manufacturer) is
normally rated T3, T4, T5, or in some cases even T6, depending on the maximum
ambient temperature and rated power of the motor as well as the frame size of the motor
involved.

The terminal box (or terminal boxes) of the motor is normally also designed with
type of protection flameproof enclosure, but it can also endorse other types of protection,
such as increased safety Ex e, which can easily be used in association with the
flameproof type of protection of the stator frame of the electric motor.

As far as the environmental conditions are concerned, most electric motors are
manufactured for operating and transport in areas with temperate climate, but of course,
on request, they can be designed for use in other areas, as well.

5. LEGAL REQUIREMENTS REGARDING THE SAFETY IN
OPERATION FOR EXPLOSION PROTECTED ELECTRIC MOTORS
SUPPLIED BY STATIC FREQUENCY CONVERTERS

5.1. Classification of environment and equipment according to the ATEX
Directives

The European Union has adopted two major Directives covering all equipment
used in a potentially explosive atmosphere:

- the Product Directive ATEX (officially known as the product Directive
2014/34/EU,) concentrates on the responsibilities of the equipment manufacturer and It
defines the Essential Health and Safety Requirements (EHSRS) of equipment;
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- the Worker Protection Directive ATEX 137 (officially known as the Worker
Protection Directive 1999/92/EC).

This Directive is concerned specifically with Worker Protection, and
concentrates on the responsibilities of the end user. It classifies the environment into
Zones and states which Category of equipment must be used in each Zone.

5.2. The product Directive 2014/34/EU

This “Product Directive” is required to be implemented by the product
manufacturer before a product may be placed on the European market for use in a
potentially explosive atmosphere. This Directive constitutes a real “new approach”
compared to previous directives. According to this “new approach” the ATEX Directive
introduces the EHSRs needed for all equipment installed in potentially explosive
atmospheres instead of prescriptive solutions given in previous directives. Directive
ATEX 2014/34/EU applies consistently throughout the EU and the EEA [1].

All equipment shall be delivered with instructions for safe:

- assembling, installation and taking into service;

- operation, adjustment and maintenance;

- dismantling.

The manufacturer shall, in most cases, use a quality management system for
production quality or product quality assurance that has been assessed and approved by
a Notified Body, chosen by the manufacturer.

5.3. The Working Protection Directive 1999/92

Among different articles, this Directive specifies:
- places where explosive atmospheres may occur (Zones);
- category of equipment according to the Zone.
The users of all equipment used in potentially explosive atmospheres (Ex —
equipment) are responsible for the application of this Directive.
For the first time, the Directive contains requirements for equipment and for
worker protection in locations having atmospheres with potentially combustible dust.
The safety of an installation in a potentially explosive atmosphere is the result
of a cooperation between the equipment manufacturer, the installer and the end user.
This directive concentrates on the duties of the end user, which are [2]:
- explosion protection measures should be taken and an Explosion Protection
Document (EPD) must be established;
- zone 0 or zone 20 requires category 1 equipment;
- zone 1 or zone 21 requires category 1 or category 2 equipment;
- zone 2 or zone 22 requires category 1 or category 2 or category 3 equipment;
The most important PDS related responsibilities are:
- the employer should train workers on potentially explosive atmosphere issues;
- authorisation should be delivered to each employee who is working in a
potentially explosive atmosphere;
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- explosion protection measures shall be taken and an Explosion Protection
Document (EPD) shall be established:;

- the employer should initiate a co-ordination procedure in the case of maintenance
of equipment from different 'origins’ in potentially explosive atmospheres. When
equipment has to be repaired, the end user has the responsibility to select a
competent repair shop and, where spare parts are used, to ensure they comply
with the legislation where relevant;

- the employer shall implement the following equipment selection principles:

e zone 0 or zone 20 requires category 1 equipment;

e zone 1 or zone 21 requires category 1 or category 2 equipment;

e zone 2 or zone 22 requires category 1 or category 2 or category 3 equipment.

Compliance with the ATEX Directives provides improved safety aspects, first of
all by simplicity, because there are only two fields of responsibility. Third parties are
resposible either to the manufacturers or by default to the end users, and the duties of
each party are clearly defined in the specific standards (Figure 5) [3].

ATEX 137 Product Directive
Workers Protection 2014/34/EU
Directive 1999/92/EC

End Users
Minimum Reguirements

Fig.5. Resposibilities

6. CONCLUSIONS

Variable Speed Drives represent a significant advancement in the operation of
explosion protected electric motors in hazardous environments. By enhancing safety,
improving energy efficiency and offering greater operational flexibility, VSDs
contribute to the reliable and efficient performance of critical industrial processes.

As industries continue to prioritize safety and efficiency, the adoption of VSDs
in explosion protected motors is set to become increasingly prevalent, driving further
innovations and improvements in this vital field.

The aim of this paper is to give the user of such a system, made up of a motor
supplied by a converter designed for use in potentially explosive atmosphere an
overview of what the implications are, when such a system is used in a hazardous
location, specific to refineries, chemical and petrochemical industries. The most
important aspects that have to be observed are the following:

- Particular requirements in the case of explosion protected electric motors

supplied by static frequency converters in hazardous areas;
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- Constructional and functional requirements in the case of explosion
protected (for example flameproof electric motors Ex d, supplied by static
frequency converters, as well as the requirements concerning the ability to
function of variable speed explosion protected electric motors in
potentially explosive atmospheres;

- Legal requirements regarding the safety in operation, of variable speed
electric motors, used in hazardous locations, according to the European
Directives which regulate this field of activity.
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ASPECTS OF EARTHING OF INSTALLATIONS IN
ENVIRONMENTS WITH POTENTIALLY EXPLOSIVE
ATMOSPHERES

MIRELA ANCUTA RADU?, CATALIN MIHAI POPA?%, ANA PETRINA
PAUN?

Abstract: In environments with potentially explosive atmospheres, earthing protection
covers three aspects: protection against electric shock, prevention of electrostatic discharges
from equipment/facilities, processed materials or people, and protection against atmospheric
discharges. The paper presents some aspects regarding the specific requirements for earthing
protection in atmospheres with the risk of explosive atmospheres that must be taken into
account when evaluating the risk of explosions. Norms and reference standards are also
highlighted, which are constantly changing in step with the latest scientific achievements,
emphasizing the importance of updating them with the latest information.

Key words: potentially explosive atmospheres, earthing protection, grounding.

1. INTRODUCTION

In general, the protective earthing system is designed for protection against
electric shocks — standards SR HD 60364-4-41:2017/A12:2020/IEC 60364-4-41 and
protection against lightning — standards series SR EN 62305-x/ IEC 62305. In addition,
in installations in environments with potentially explosive atmospheres, earthing
systems (earthing protection) must provide protection against static electricity.

In this work, some particular aspects are highlighted for the protection against
electrostatic discharges by grounding installations in Ex environments.

2. PREVENTING DANGEROUS STATIC ELECTRICITY BY
GROUNDING

In industrial environments where potentially explosive atmospheres exist, there
are many conductors that, if not properly grounded, can become charged to a
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dangerous level. Some of these are component parts of the plant or equipment used and
include: plant structure, reaction vessels, pipes, valves, storage tanks and drums. Other
parts are there only by accident or carelessness, for example: pieces of wire that are no
longer needed, metal containers floating in medium or weakly conductive liquids, or
tools accumulating conductive liquids on the surface of insulating materials.

Charges built up on one conductor can then be discharged to earth or to
another conductor with the release of all stored energy as a single spark which may be
sufficient to ignite the explosive mixture as in Fig 1.

SR S ] J

Fig. 1. Electrostatic spark discharges

The most effective way to avoid the dangers of static electricity is to bond all
conductors together and then to ground. Bonding the components together is used to
minimize the potential difference between conductive objects to an insignificant level,
even when the resulting system is not grounded. Grounding, on the other hand,
equalizes the potential differences between objects and the ground.

Examples of connecting the components to each other and grounding are
shown in Fig 2.

Fig. 2. Earthing and Bonding

A conductive object can be grounded by a direct conductive path to earth or by
bonding it to another conductive object that is already grounded. Certain objects are
inherently bound to others or inherently grounded due to their contact with the ground.
The total resistance between an object and ground is the sum of the individual
resistances of the grounding conductor, its connectors, other conductive materials
along the desired grounding path, and the resistance of the grounding electrode (i.e. the
grounding rod).
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3. DISSIPATION CRITERIA OF STATIC ELECTRICITY FROM A
CONDUCTOR

The resistances of the electrical paths must be low enough to allow the
relaxation of the load and to prevent potential build-up on the conductor to a dangerous
level.If this potential is V, the maximum allowed value of the resistance R depends on
the rate at which the conductor receives charges, i.e. the charging current I. Because of
this principle, the total resistance to earth must not exceed the acceptable level given
by the equation:

V=1-R 1)

To prevent all incendiary discharges it is necessary to ensure that the conductor
does not reach the potential necessary to initiate an incendiary discharge.For normal
industrial operations this potential is at least 300 V. Using the value of 100 V as the
limit value for safe dissipation of static electricity, the value of the total earth resistance
R, can be calculated as follows:

R=—+ )

where : R is in ohms

| is in amps

When specifying grounding requirements, each concrete situation must be
taken into account, i.e. each individual value of the load current I. Since it is known
that the charging currents are in the range between 10 pA and 100 pA, the
corresponding values of R are between 10 TQ and 10 MQ. For a maximum value of I,
a ground resistance of 1 MQ will ensure safe dissipation of static electricity under all
conditions.

However, in most industrial operations | does not exceed 1 pA and the
conductor capacitance C does not exceed 100 pF. In this case the ground resistance of
100 MQ is appropriate.

Conductors that have good contact with the ground have a ground resistance of
less than 10Q. Although a value of up to 1 MQ is acceptable for static dissipation,
values greater than 10 Q may give an early indication of developing problems (eg
corrosion or a poor connection) and should be investigated. It is important that all
connections are reliable, permanent and not damaged.

A clear distinction must be made between a value chosen for convenience
when monitoring metal-to-metal connections and the 1 MW value which represents the
upper limit of the ground resistance of a conductor in all situations.What is most
important, however, is that all connections are reliable, permanent and not subject to
damage.

Mobile metal elements require special grounding connections, which must
have a resistance of less than 1 MW.
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In IEC 60079-32-1 TS [1] maximum grounding resistances are given for static
electricity control for specific applications.

In some casesvalues up to 108Q are acceptable, especially when the conductor
capacitance does not exceed 100 pF.

If the common bonding/earthing system is all metal, typically the resistance of
the paths to earth is less than 10Q. Such systems include those with multiple
components. Higher resistance usually indicates that the metal path is not continuous,
usually due to corrosion and loose connections. A grounding system that is acceptable
for power circuits or for lightning protection will be more than adequate for static
electricity grounding.

An important element of protective earthing installations is the earthing socket.
The requirements for the resistance of the earth plug are given in the norms 17 and NP
099 [2], [3] [12], [13], [16].

According to point 5.5.7.11. from the standard 17:2011, the resistance of the
earth socket can be:

- not more than 4 ohms when used only for protection against electric shock

- not more than 1 ohm when it is shared with the earthing socket for the
lightning protection installation of the building.

According to point 12.3.6. from the norm NP 099, the earth socket of the
lightning arrester installation is designed according to the provisions of | 20. The
dispersion resistance value of the artificial earth plug that is used exclusively for the
lightning arrester installation must be a maximum of 5 ohms for installations mounted
on the construction and a maximum of 10 ohms for independent lightning arrester
installations.

Normative 17 from 2011 with updates from 2023 applies to the design,
execution and operation of electrical installations related to buildings, regardless of the
form of ownership, including electrical equipment located in environments with a risk
of explosion, to which the provisions of NP 099- 04. The regulation NP 099-04
(revision of ID 17-1986) for the design, execution, verification and operation of
electrical installations in areas with explosion hazard was developed in 2005 and was
not updated with the requirements of the new regulations and standards. With regard to
protection by grounding for protection against dangerous static electricity and against
atmospheric discharges, reference is made to standard | 20, which, however, is
canceled and included in standard 17.

Since the rules and standards in force (latest editions) must be respected when
designing and implementing earthing protection systems, they must be updated
whenever changes occur in order not to create confusion or contradictions.

4. ASPECTS OF GROUNDING OF MOBILE EQUIPMENT

The grounding requirements of mobile equipment in potentially explosive
atmospheres to prevent electrostatic spark discharges are revealed in many studies, in
norms and standards, but in practical activity it is found that there are many aspects
that are not well managed and that could be a source of danger of ignition of explosive
atmosphere by electrostatic discharges. The grounding of fixed equipment is somewhat
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easier to achieve and control with technical means. A more sensible approach is to
make temporary connections to mobile equipment which can be made using pressure
type earth clamps or other special clamps. Temporary grounding connections of
movable elements can be made with screws, pressure-type earthing clamps or other
special clamps. Pressure clamps must have sufficient pressure to penetrate any coating
of paint, rust or spilled material to ensure contact with the metal base.

When flammable or combustible products are handled and processed in
hazardous areas, it is essential to use certified equipment to protect personnel from
electrostatic ignition sources. Certification of equipment for explosive atmospheres
requires compliance with the requirements of the ATEX Directive [4], [14], [15], [17].

The question is asked: Earthing clamp shall it be Ex or not? Does the earthing
clamp fall within the scope of the directive or not?

Electrostatic discharge, as a source of ignition, is often within the control of the
design of the installation, rather than the equipment, and comes within the scope of the
ATEX "workplace" Directive 1999/92/EC [5], backed up by standards providing
appropriate detailed information.

However, the design of equipment can help to mitigate such risks and
appropriate requirements are detailed in European harmonized standards.

Where equipment is otherwise outside the scope of Directive 2014/34/EU, the
potential for a static discharge in use does not bring it into scope.

The answer to the question is given in Borderline list — ATEX products from
ATEX 2014/34/EU Guidelines-5" Edition

Table 1. Timers configuration and executed sequences

Scope of

Products 2014/34/EU

Examples of products Comments

"Simple earth clamps" are
clamps with a single earth
connection. The clamp shall
provide evidence that it is
actually making contact. No
own source of ignition, and
for additional
considerations, see note 2.

Simple earthing
clamps with and No
without cord

The clamp shall provide
evidence that it is actually
making contact. Potential
ignition sources cannot be
excluded according to the

ignition hazard assessment.

Complex earthing
clamps with and | Yes (Electrical)
without cord

Note 2: Equipment, protective systems, Ex components, safety, controlling,
regulating devices and/or other products indicated as not falling within the scope of the
ATEX Directive 2014/34/EU, ignition sources and explosion hazards related to the use
shall be considered. Friction impacts and abrasion processes involving rust and light
metals (e.g. aluminum and magnesium) and their alloys may initiate an aluminothermic
(thermite) reaction, which can give rise to particularly incendive sparking.
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Although European directives, transposed into national legislation, require
employers to assess the risk of explosions and take all measures to prevent ignition
sources by using equipment that complies with ATEX requirements, there is a weak
application of them in the case of pliers grounding, in many applications using classic
clamps for which there are no documents attesting the technical and security
performances.

Both IEC 60079-32-1 [1], 13.4.1 and NFPA 77 [6], 7.4.16 & 7.4.1.4
state:temporary connections can be made using bolts, pressure-type earth (ground)
clamps, or other special clamps. Pressure-type clamps should have sufficient pressure
to penetrate any protective coating, rust, or spilled material to ensure contact with the
base metal with an interface resistance of less than 10 Q.

Where wire conductors are used, the minimum size of the bonding or earthing
wire is dictated by mechanical strength, not by its current-carrying capacity. Stranded
or braided wires should be used for bonding wires that will be connected and
disconnected frequently.

However, suppliers have appeared on the market that guarantee these
performances, sometimes even through certification of compliance with the ATEX
Directive and the applicable standards [IEC 60079-32-1, NFPA 77, SR EN 80079-36,
SR EN 80079-37] [1], [6], [7]. [8].

Some static earth clamps on the market combine ATEX certification with
Factory Mutual approvals, being rigorously tested and certified to ensure they are
capable of dissipating static charges from potentially loaded equipment. This is
especially important when the equipment may be covered with product deposits or rust
that are capable of preventing the clamp from making low-resistance electrical contact
with the equipment to be grounded. Establishing a solid electrical connection can only
be achieved by penetrating any connection inhibitors such as coatings, product deposits
and rust. Factors such as these will prevent the dissipation of static charges from the
object to ground if the clamp is not able to penetrate them and make a connection to
the base metal of the container or vessel. Once a strong connection is established, it is
vital that this connection remains constant throughout the operation of the process.
Factory Mutual approved clamps undergo a series of mechanical and electrical tests to
ensure they can perform as reliable static grounding clamps in EX/HAZLOC areas.
ATEX certification ensures that there are no sources of mechanical sparks such as
thermosetting materials or aluminum, or sources of stored mechanical energy, present
in the construction of the clamp.

There are four good reasons to use FM approved clamps:

- Clamp Pressure Testing ensures the grounding clamp is capable of
establishing and maintaining low resistance electrical contact with equipment

- Electrical Continuity Testing ensures the electrical continuity from the teeth
throughout the grounding clamp is less than 1 ohm

- High Frequency Vibration Testing ensures the grounding clamp is capable of
maintaining positive contact when attached to vibrating equipment

- Mechanical Pull Testing ensures the grounding clamp cannot be pulled off
the equipment without an intentional application of force.
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Also using certified ATEX certified clamps ensures that no sources of
mechanical sparks are present in the clamp.

e s g
. i

Fig. 3. Static Grounding Clamp capable of breaking through coatings, product deposits and rust
to ensure a good electrical connection to process equipment

A wide range of ATEX certified clamps are available on the market - simple
clamps (Fig 3) as well as self-testing clamps with LED indication or Grounding Clamp

With Visible & Audible Alarms (Fig 4), as well as ground monitoring systems with
interlocking control.

/ |

Fig. 4.Grounding Clamp With Visible & Audible Alarms [9,10]

A good example of ground monitoring systems with interlock control are
grounding installations that not only provide a grounding solution but also monitors
earth resistance, like battery operated clamps for hazardous environments and
specialized earthing systems for road tankers, which designed to break the flow of
flammable liquid using relays (figure 5)

Fig. 5. Grounding Clamp With monitoring system with interlocking control
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5. ENSURING SAFETY AND RELIABILITY IN MODERN
INFRASTRUCTURES WHIT GROUND RESISTANCES DETECTOR

5.1. Detecting corrosion and other issues

Grounding systems are susceptible to various forms of degradation over time.
Ground Resistances Detector are designed to detect issues such as chemical corrosion,
metal oxidation, galvanic corrosion, lightning-induced damage, and natural dissolution.
By identifying these problems early, the detector helps prevent serious safety hazards
and costly repairs.

Corrosion and other forms of degradation can significantly impact the
performance of grounding systems. Chemical corrosion occurs when grounding
electrodes react with soil chemicals, leading to material loss and increased resistance.
Metal oxidation, a common issue in moist environments, results in the formation of
non-conductive oxide layers on the electrodes. Galvanic corrosion happens when
different metals in the grounding system come into contact, causing one metal to
corrode faster than the other. Lightning-induced damage can alter the physical
properties of grounding conductors, compromising their effectiveness.

Using the Ground Resistances Detector ensures that these problems are
detected early, allowing for timely maintenance and repairs. The most modern Ground
Resistances Detector are ground resistance online detector (Fig 6). Through remote
monitoring and management of the grounding system, problems can be discovered and
handled in time to ensure the safety of production facilities and personnel.

i

SR ) A A g
Fig. 6. Ground resistance online detector [11]

A ground resistance online detector is a device designed to continuously
monitor the resistance of grounding systems. Unlike traditional methods that require
periodic manual testing, these detectors offer real-time data, enabling prompt detection
of any issues. This technology is particularly valuable for buried grounding networks,
which are often out of sight and difficult to inspect manually.

Ground resistance online detectors utilize advanced sensing techniques to
measure the resistance between grounding electrodes and the earth. These devices
typically can detect minute changes in resistance, indicative of potential issues within
the grounding system. By providing continuous data, ground resistance online
detectors allow for early detection of problems such as corrosion or disconnection of
grounding conductors. This proactive approach enables maintenance teams to address
issues before they escalate, ensuring the integrity and safety of electrical installations.
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6. VERIFICATION/MONITORING OF GROUNDING SYSTEMS

Checking earthing as protection against static electricity should be recognized
as different from checks made for other purposes such as: maintenance of earthing
systems associated with electrical power supply systems and lightning protection
installations. Checks must be made both before the plant is put into operation and
periodically, and the check documents must be available.

It is desirable to implement automatic monitoring systems that can not only
monitor the resistances but also warn about their changes.

It is recommended that employers who, according to Directive 1999/92/Ce, are
obliged to take all measures to prevent and protect against explosions, including
protection by grounding, treat the grounding installation in the chapter on the
assessment of the risk of explosions generated by electricity static from the Explosion
Protection Document, in accordance with the requirements of applicable norms and
standards. In addition, it must ensure the compliance of the equipment used with the
requirements of the ATEX Directive (certificates of conformity) as well as the
verification of the installation by competent persons (documents, records). Is
recommended Ensuring Safety and Reliability in Modern Infrastructures whit
special devices such as Grounding Clamp With monitoring system with interlocking
control and Ground Resistances Detector.

7. CONCLUSIONS

Grounding protection installations in environments with potentially explosive
atmospheres must ensure, in addition to electrical protection, protection against
atmospheric discharges and protection against dangerous static electricity.

The most effective way to avoid the dangers of static electricity is to bond all
conductors together and then to earth, thus preventing electrostatic spark discharges
that could ignite the explosive atmosphere.

The methods and means of grounding, protection against dangerous static
electricity, must correspond to the norms and standards in force in the electrical field
and ATEX.

The paper highlights the importance of certifying the compliance of Static
Grounding Clamp with the requirements of the ATEXx directive but also with the
mechanical requirements, to ensure the necessary pressure so that they are capable of
breaking through coatings, product deposits and rust to ensure a good electrical
connection to process equipment.

Employers responsible for the explosion protection of installations in
environments with potentially explosive atmospheres must apply the best solutions for
protection. Therefore, it is recommended that employers responsible for ensuring the
security and reliability of grounding protection systems use modern devices that can
not only monitor the resistances, but also warn of changes in the resistance.

It is recommended that employers who, according to Directive 1999/92/Ce, are
obliged to take all measures to prevent and protect against explosion, treat the earthing
installation in the chapter on the assessment of the risk of explosions generated by
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static electricity in the Explosion Protection Document in compliance with the
requirements of applicable norms and standards. In addition, it must ensure the
compliance of the equipment used with the requirements of the ATEx Directive
(certificates of conformity) as well as the verification of the installation by competent
persons (documents, records).

The paper also presents some inconsistencies in the rules in force that are not
updated with the new standards and that must be revised in order to be used correctly
in the design, installation, maintenance and verification of earthing protection
installations.
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DEVELOPING AN AUTONOMOUS DRONE FOR EARLY
DETECTION OF FOREST FIRES

REMUS SIBISANU?, TUDOR MANOLE? COSMIN RUS3

Abstract: This research aims to develop an autonomous drone system for early detection
of forest fires. By integrating specialized sensors with Al algorithms, the drone can quickly
identify fire outbreaks in remote areas, enabling prompt responses to potential threats. The study
provides a detailed analysis of sensor capabilities and data collection methods to optimize
detection accuracy. Advanced Al algorithms, such as machine learning and computer vision
techniques, are utilized to enhance real-time data processing and decision-making. The system
architecture is robust and scalable, allowing deployment in diverse forest environments. The
focus is on ensuring the drone's autonomy for navigating challenging terrains and performing
continuous monitoring without human intervention. Regulatory compliance is addressed by
thoroughly examining current aviation and environmental laws, ensuring the drone operates
within legal frameworks while maximizing efficacy. Field trials in various forest regions
demonstrate the system's effectiveness in early fire detection, with case studies showing its
success in preventing fire escalation. The research highlights the potential for integrating this
technology into existing forest management practices, offering a cost-effective and sustainable
solution for fire prevention.

Key words: Al, sensors, autonomy, machine learning, environmental monitoring.

1. INTRODUCTION AND LITERATURE REVIEW

Forest fires are among the greatest natural hazards we face, with devastating
consequences for the environment, including the destruction of vast forest areas, natural
habitats, and various species of plants and animals. These disasters also pose a direct
threat to human life and well-being. Consequently, early detection of these fires is
essential for the effective prevention and management of such emergencies, enabling
rapid intervention and limiting the spread of flames. Traditional detection methods, such
as human observations and reports from residents, are often inefficient and can lead to
significant delays in reporting fires. Therefore, a technological and innovative approach
is necessary to improve the efficiency of the detection process and reduce response time.

1 Ph.D., Student Eng.
2 Ph.D., Student Eng.
® Ph.D., Eng., cosminrus@upet.ro
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Protecting human life is a critical reason for the early detection of forest fires.
These fires can endanger the lives of people, both those directly involved in firefighting
and residents of affected areas. Early detection allows for the rapid initiation of
intervention operations and the preventive evacuation of people from threatened areas,
thereby reducing the risk of loss of human life. Furthermore, early detection is vital for
saving natural habitats and biodiversity. Forests are invaluable ecosystems that house a
wide variety of plant and animal species. Forest fires can irreversibly destroy these
habitats and cause a loss of biodiversity. Detecting fires in their early stages allows for
swift and effective intervention to limit the spread of the fire and protect the forest's flora
and fauna.

In addition to protecting life and biodiversity, early detection helps in conserving
natural resources. Forests play an essential role in conserving soil, water, and air. Forest
fires can lead to soil erosion, pollution of water sources, and degradation of air quality.
Early detection enables the implementation of preventive and intervention measures to
minimize the impact on natural resources and facilitate ecosystem regeneration.
Moreover, reducing material losses is another significant benefit of early detection.
Forest fires can cause substantial damage to private properties, infrastructure, and the
local economy. Quick detection allows for the rapid intervention of firefighting teams
and the implementation of adequate protection measures, thereby reducing material
losses and the costs associated with reconstruction and recovery.

Efficiency in emergency management is also greatly enhanced by early
detection of forest fires. It provides the opportunity to efficiently coordinate intervention
operations by directing human and material resources to affected areas. The use of
autonomous drones for fire detection can cover large areas in a short time, providing
real-time information and images to intervention teams, facilitating appropriate decision-
making and actions. In conclusion, early detection of forest fires is crucial for protecting
human life, saving natural habitats and biodiversity, conserving natural resources,
reducing material losses, and improving efficiency in emergency management.

The paper by Chahil Choudhary, Anurag, and Pranjal Shukla [1], aims to develop
a robust ML model for detecting forest fires using drone imagery. The primary objective
is to leverage the capabilities of machine learning to process and analyse the vast
amounts of data generated by drones, thereby identifying patterns and anomalies
indicative of forest fires. The proposed model is intended to improve the speed and
accuracy of forest fire detection, thus enabling quicker response and mitigation efforts.

The primary objective of the FireFly Project [2] is to develop an automated
system that addresses the limitations of existing UAV technologies, which often struggle
with early fire detection due to the limited resolution and sensitivity of thermal cameras.
By combining UAVs with ground-based 10T sensors, the project aims to detect forest
fires at their inception, even when obscured by dense tree canopies. This hybrid approach
leverages the strengths of both aerial and ground-based systems to provide a more
comprehensive and effective solution for forest fire monitoring and prevention. Another
important paper is [3] by Sergey Filist et al., which demonstrates how a methodology
and algorithm for autonomous UAV flight trajectory planning can improve the early
detection of ignition sources. The proposed method involves three distinct flight plans
covering area surveillance, navigation to the fire source, and return to the departure
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point. The mathematical modelling of the UAV flight control algorithm, executed using
MATLAB® R2019b, demonstrated control stability and accelerated identification of the
ignition source coordinates, exceeding the set goals by 1.5 to 2 times. The paper [4] by
Rodrigo De la Fuente, Maichel M. Aguayo and Carlos Contreras-Bolton, demonstrates
how an integrated forest fire monitoring system can be optimized using a combination
of surveillance towers, monitoring balloons, and drones. The authors develop a mixed-
integer linear programming (MILP) model that optimizes the location of these
monitoring technologies and the routing of drones to ensure extensive terrain coverage
while minimizing costs. The proposed algorithm includes six components: a solution
procedure, perturbation procedures, local search procedures, a call to a general-purpose
solver for the MILP model, a global reset strategy, a local reset strategy, and an
acceptance criterion.

The research tests the model and algorithm on both random instances and a real-
life case study in Chile, showing that while the MILP model can solve small instances,
the algorithm can find good-quality solutions for all instances. This study provides
valuable insights for the government and private sector in designing an integrated fire
monitoring system that leverages the strengths of watchtowers, monitoring balloons, and
drones, aiming to enhance early detection and response to forest fires.

2. PROBLEM CONTEXT

Forests face threats from various factors, both abiotic and biotic. Non-living
factors include fires, drought, storms, and air pollution, while living factors encompass
animals, insects, and diseases. Fires, a common abiotic threat in the Mediterranean
region, have been increasing alongside major storms, averaging two per year over the
last six decades. Air pollution, primarily from vehicles and factories, also endangers
forests. Additionally, the expansion of transportation infrastructure fragments forests,
posing a significant threat to biodiversity. Overall, approximately 6% of forested areas
are impacted by at least one of these factors [5, 6].

European forests are significantly affected by climate change, which varies
across different regions, influencing forest growth rates, forested areas, and species
diversity. These changes also affect the spread of living organisms, such as parasites,
and the frequency and intensity of extreme weather events. Key challenges include the
forests' ability to adapt to these changes and their role in mitigating them, such as using
wood instead of non-renewable resources for energy and materials [7].

Historically, forest fire detection relied on human observations and reports from
residents or observation towers, which had several drawbacks: delays in reporting,
difficulty accessing remote areas, and reliance on weather conditions for visibility.

Recently, unprecedented and devastating fires have occurred globally, affecting
areas from the United States to Australia, Indonesia, Africa, the Amazon, and even the
Acrctic. In Europe alone, over 400,000 hectares of land are burned annually by vegetation
fires, causing severe damage to protected areas. In 2023, over 48% of forest fires
occurred in designated conservation zones. Variations in rainfall, frequency of lightning
strikes, and temperature fluctuations contribute to the frequent and severe wildfires in
various ecosystems, from boreal peatlands to tropical forests. Climate models predict
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worsening weather conditions in most European regions under high-emission scenarios,
leading to an increase in fire-prone areas and an extended fire season [5], [7].

3. PROPOSED SOLUTION

The current trend across all sectors is towards automating systems and providing
autonomous tools to ease human labour. For the efficient early detection of forest fires,
the proposed solution is an autonomous drone equipped with artificial intelligence for
image processing.

Designing the architecture of an autonomous drone for forest fire detection must
consider the specific environmental requirements and the tasks the drone needs to
perform. This involves careful planning and evaluation of available hardware and
software components, as well as integration and communication with other systems and
teams [8], [9]. A well-designed architecture ensures the efficient and reliable
functionality of the autonomous drone, enabling early detection and effective
management of forest fires.

Key characteristics in drone design include:

e Flight platform: selecting a suitable drone capable of carrying necessary
equipment and sensors, with enough autonomy to cover large areas.

e Specialized sensors: integrating appropriate sensors, such as thermal cameras,
smoke sensors, gas sensors, and localization systems, to provide essential data
for fire detection and monitoring.

e Power system: ensuring a reliable power system, which may include batteries,
additional power sources, or energy management systems to maximize the
drone's autonomy during missions.

e Automatic control system: developing an automatic control system that enables
the drone to perform necessary tasks autonomously. This involves navigation
and route planning algorithms, allowing the drone to follow predefined routes
and avoid obstacles.

e Fire detection algorithms: designing and implementing specialized algorithms
for forest fire detection. These algorithms may use image analysis techniques,
artificial intelligence, or other methods to identify specific signs and patterns of
forest fires in collected images and data.

To detect fires, the drone uses an OV7675 camera for continuous image capture,
and artificial intelligence analyses the smoke's movements and path. Future
enhancements include a module with a thermal camera and a visual spectrum camera to
transmit images to a fire monitoring center and analyse the damage. The thermal imaging
device measures the thermal radiation emitted by objects, identifying temperature
changes specific to forest fires. Autonomous drones can use thermal cameras to detect
and pinpoint heat sources related to fires, producing thermal images to highlight the
affected regions. The self-flying drone also comes with communication and navigation
equipment. It can send data and information immediately to the intervention team or a
command centre using communication equipment, allowing for effective organization
and a quick response to the wildfire. GPS technology enables the drone to track its
location in real-time, making it easier to plan routes and closely observe the fire-stricken
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region. To manage and control the drone, the H743 WING V3 with an ARM Cortex-M7
processor is used, providing the computational power necessary for executing complex
flight control algorithms. This ensures improved stability and accuracy while flying and
offers advanced features like GPS navigation, waypoints, and automatic stabilization.
The controller includes a gyroscope, a barometric altimeter, a MicroSD card slot as a
black box, along with a current regulator and a voltmeter. To incorporate all features,
two additional companion computers are used: an Arduino Nano 33 BLE and an Arduino
Nano. The Nano model controller is a compact microcontroller, ideal for fitting into a
drone without taking up too much space. Its small size allows for flexible positioning
and installation within the drone's layout, and it can be programmed using the Arduino
language, which is simple and user-friendly.

4. MATHEMATICAL MODEL OF THE AUTONOMOUS DRONE

In this chapter, we will detail the mathematical model of an autonomous drone,
covering the equations of motion, the forces and moments generated by the rotors, as
well as the control model. These components are essential for understanding and
simulating the behaviour of an autonomous drone.

4.1 The equations of motion

The equations of motion describe the translational and rotational dynamics of
the drone. These are fundamental to understanding how the drone responds to various
control inputs.

The translational motion of the drone is governed by Newton's second law (1):
dzz

e mis the mass of the drone.

e X =[x,y,2]" represents the drone's position in Cartesian coordinates.

e F isthe total force generated by the rotors.

e G =10,0,—g]" is the gravitational acceleration, with g being the gravitational

acceleration.

This equation shows how the drone's acceleration depends on applied forces and
gravitational force.
The rotational motion is described by the moment equation:

122 =3 -3 x (I@) )
where:
e | isthe inertia tensor of the drone.
e @=[pq,r]" istheangular velocity.
e Tisthe total moment generated by the rotors.
These equations (1), (2) describes how angular velocity changes over time based on
applied moments and drone inertia properties.
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4.2 Forces and moments generated by rotors

Forces and moments generated by rotors are essential for controlling drone motion.
Each rotor contributes to lift force generation and control moments.
The force generated by a rotor can be modelled as:

where:
e Fjisthe force generated by rotor i.
o kg isathrust coefficient.
e w; isthe angular velocity of rotor i.

The moment generated by a rotor is given by:

T = kmwi2 (4)
where:
e T; isthe moment generated by rotor i.
e k,, isamoment coefficient.

Typically, a quadcopter has four rotors arranged in a square. Opposite rotors spin in
opposite directions to stabilize the drone and allow control over yaw movements
(rotation around the vertical axis).

4.3 Control model

Drone control involves adjusting rotor speeds to achieve desired position and orientation.
A PID (Proportional-Integral-Derivative) controller is often used for this purpose.

The PID controller is defined by:

u(t) = Kye(t) + K; [ e(t)dt + Kq = (5)

where:

e u(t) is the control signal.

e e(t) is the error, the difference between desired and current position.

» K, K;,Kq are the PID constants that adjust the proportional, integral, and

derivative response.

The PID control minimizes position and orientation errors, ensuring a stable and precise
trajectory for the drone.
The graphs (Figure 1) illustrate the dynamic behaviour of the drone as it attempts to
reach and stabilize at a target position using a PID controller. The position graph
indicates that the drone achieves significant vertical movement while maintaining
relatively stable horizontal positions [10]. The wvelocity graph shows an initial
acceleration followed by a deceleration, aligning with the position control strategy. The
angular velocity graph reveals active rotational control, with oscillations in the x and y
directions and a steady increase in the z direction, demonstrating the effect of applied
moments for stability and orientation control.
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Fig.1. Simulation of drone motion: position, velocity, and angular velocity over time

Overall, the simulation results indicate effective control of the drone's position
and orientation, achieved through the combined use of PID control for translation and
constant moments for rotation.

5. NAVIGATION AND TRAJECTORY PLANNING

Navigation and trajectory planning are essential components in developing the
software system of an autonomous drone, enabling it to move through a complex
environment and perform specific tasks without human intervention. The navigation of
an autonomous drone involves determining its position and orientation in space and
calculating an optimal trajectory to reach a destination.

Navigation algorithms rely on various techniques and sensors to ensure accuracy
and reliability. The basic navigation system is satellite-based (GPS), which is frequently
used for locating the drone in space. GPS provides precise coordinates of the drone's
position, allowing it to move along predefined trajectories. For cases when the GPS
signal is lost, I have created a Lua script for an inertial navigation system (INS), which
uses accelerometers and gyroscopes to measure the drone's accelerations and angular
velocities. These measurements are integrated to estimate position and orientation in
real-time. | have also implemented a GSM module, allowing access to and viewing of
the drone's telemetry at any time with Ardupilot software (Figure 2).
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“Fig.2. Ardupilot GUI
6. Al SYSTEM FOR FIRE DETECTION

To develop a robust Al system for fire detection [11], the Edge Impulse platform
was utilized. This section outlines the comprehensive process of training the Al, from
data collection to configuring the neural network structure.

The first step in training the Al system involves collecting relevant data. For this
purpose, the camera on a smartphone was used to capture images.

These images were taken in various conditions to ensure a diverse dataset, which
is crucial for the model to learn to recognize fires in different scenarios and
environments. Using the smartphone camera, a substantial amount of image data was
acquired. This step is critical as the quality and diversity of the data directly impact the
performance of the Al model. Images were captured in different lighting conditions,
from various angles, and in multiple settings to cover a wide range of potential fire
appearances.

Once a sufficient number of images were collected, the next step was to label
the data. This involved identifying and marking the presence of fire in each image.
Accurate labelling is essential as it teaches the model what to look for when detecting
fires. Each image was carefully reviewed and annotated to ensure high-quality labelled
data.

After labelling the data, the next step was configuring the training blocks on the
Edge Impulse platform.

The image size was standardized to 96x96 pixels (Figure 3). This size was
chosen to balance the need for detail with the computational efficiency required for
training the model. Smaller images are quicker to process, but they must still be large
enough to capture the necessary features for fire detection.

302




REMUS SIBISANU, TUDOR MANOLE, COSMIN RUS

Image data

Input axes

O For object detection use a
square image size, e.g. 96x96,
160x160 or 320x320.

Image
Name
Image

Input axes (1)

image

Object Detection
(Images)

Output features

o

Name 1 (Fire)

Object detection
Input features

v Image

Output features
1 (Fire)

Fig.3. Configuring image data and object detection settings on Edge Impulse platform

The next step was to define the labels that would be used during training. In this
case, the primary label was "fire," indicating the presence of fire in the image. This label
is crucial for the supervised learning process, where the model learns to associate
specific features in the images with the labelled categories.

With the image size and labels set, the neural network structure was configured.
The Edge Impulse platform provides various options for building and customizing neural
networks. For fire detection, a Convolutional Neural Network (CNN) was chosen due to
its effectiveness in image recognition tasks [12]. The CNN architecture was designed to
include multiple convolutional layers, pooling layers, and fully connected layers to
extract and learn features from the images efficiently (Figure 4).

Neural Network settings

Training settings

Advanced training settings

Neural network architecture

Input layer (27,648 features)

@

I Trainin, g output ¥

Last training performance (vsicuon se
e 53.8%

Confusion matrix asdsssn w0
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Model Model version: B | Quantized fined) ~

Fig.4. Neural network training and performance metrics for fire detection on Edge Impulse
platform
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After completing the rigorous training process using the Edge Impulse platform, the Al
model for fire detection was successfully developed. The model underwent extensive
training, as detailed in the previous steps, which included collecting a diverse dataset of
images, accurately labeling them, and configuring the neural network structure. The
training settings were meticulously chosen, with 60 training cycles, a learning rate of
0.001, and data augmentation to enhance the model's robustness.

The neural network architecture was carefully designed, incorporating multiple
layers to effectively learn and extract features necessary for accurate fire detection. The
model's performance was evaluated, showing an F1 score of 53.8%, indicating a
balanced precision and recall rate. The confusion matrix provided insights into the
model's accuracy, with a high rate of correct classifications for both fire and non-fire
images.

Upon completion of the training, the Al model was deployed and tested on new
data. The accompanying image illustrates the successful identification of a fire, with the
model confidently detecting a flame with a high confidence score of 1.00 (Figure 5).

_;i,,;v
Ly
A

Fig.5. Fire detection Al model identifying a flame with high confidence

This result showcases the model's effectiveness in recognizing fire, even in
varying conditions and settings, as captured in the diverse training dataset.
This successful detection is a testament to the robustness of the Al model developed
through a comprehensive training process. The precise identification of the fire in the
image highlights the potential applications of this model in real-world scenarios, offering
a reliable tool for early fire detection and prevention. The deployment of such an Al
system can significantly enhance safety measures, providing timely alerts and enabling
prompt responses to fire incidents.
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7. CONCLUSION

The research into developing an autonomous drone for early detection of forest
fires has yielded promising and impactful results, showcasing a significant step forward
in the realm of environmental monitoring and disaster prevention. The meticulous design
process and integration of advanced technologies have demonstrated the feasibility and
effectiveness of employing drones equipped with artificial intelligence for fire detection.

The core of this study lies in enhancing early detection capabilities, a crucial
factor in initiating timely responses and preventing the devastating spread of forest fires.
By leveraging specialized sensors and state-of-the-art Al algorithms, the autonomous
drone system is able to promptly identify fire outbreaks. This not only helps in
safeguarding vast forest ecosystems but also plays a vital role in protecting human lives
and property in adjacent communities. The ability of the drone to detect fires early
significantly mitigates the risks and potential damage, highlighting the system’s
importance in contemporary forest management strategies.

The integration of artificial intelligence into the drone's functionality,
particularly through the use of the Edge Impulse platform, has been a pivotal aspect of
this research. The Al model was rigorously trained using a diverse dataset, ensuring its
robustness and reliability. The use of Convolutional Neural Networks (CNN) and
meticulous data labelling has allowed the model to accurately recognize fires under
various conditions, including different lighting and environmental scenarios. The
successful detection of fires in real-world tests underscores the model’s efficacy,
providing a reliable tool for early fire detection and prevention.

Furthermore, the comprehensive system design of the autonomous drone was
crafted with precision to meet specific environmental requirements. This included the
integration of thermal cameras, GPS navigation, and real-time communication
capabilities, which together ensure that the drone can operate autonomously in
challenging terrains and provide continuous monitoring without human intervention.

The robustness of the system architecture allows for effective and reliable

performance, even in diverse and complex forest environments.
In conclusion, the successful development and deployment of the autonomous drone
system for early detection of forest fires represent a milestone in environmental
technology. This research not only highlights the potential applications of such systems
in real-world scenarios but also underscores the importance of integrating advanced Al
and drone technologies in safeguarding our natural resources. The precise identification
and rapid response capabilities of the system promise to enhance safety measures,
offering a reliable and innovative tool for protecting forests and communities from the
threat of wildfires.
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CHALLENGES IN INTEGRATING ARTIFICIAL
INTELLIGENCE FOR ENHANCED ROBOTIC AUTONOMY
AND INTERACTION

ALEXANDRU COSTINAS!, MARIUS LEONARD OLAR?, SEBASTIAN
DANIEL ROSCA?

Abstract: In recent years, the integration of artificial intelligence (Al) into robotic
systems has opened new horizons across various fields such as industrial production, healthcare,
transportation, and space exploration. This article presents how Al enhances robots' capabilities
in perception, planning, and executing complex tasks. Deep learning and reinforcement learning
algorithms enable robots to analyze sensory data in real-time, make predictions, and make
autonomous decisions in dynamic and unpredictable environments. We also address the
challenges related to safety, ethics, and human-robot interaction, emphasizing the need for clear
regulations and stringent ethical standards. The case study presented illustrates the successful
implementation of Al in robotic applications, showcasing the potential of this technology to
revolutionize how robots operate and interact with the surrounding world. The conclusions
highlight the importance of interdisciplinary collaboration to advance the effective development
and deployment of Al in robotics.

Key words: Artificial intelligence, Robotic systems, Deep learning, Safety,
Interdisciplinary collaboration

1. INTRODUCTION

The integration of artificial intelligence (Al) into robotic systems has made
significant progress in various areas, such as healthcare, transportation, industrial
manufacturing, and space exploration. The robots' improved capabilities, attributed to
artificial intelligence, have allowed for more sophisticated perception, detailed planning,
and the execution of complex tasks. In this literature review, we aim to synthesize current
research on the impact of Al on robotics, focusing on technological advances,
applications, challenges, and the need for ethical standardization and regulation [1].
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Technological advancements in Al-enhanced robotics have revolutionized
sensory perception, planning, and execution of complex tasks. Deep learning and
consolidation algorithms now allow robots to analyze sensory data in real time and
interact effectively with their environment, and based on convolutional neural networks
(CNNSs) computer vision is added for accurate object recognition and classification [8].
In planning and decision-making, Al allows robots to understand what the optimal
actions are and navigate complex environments, such as autonomous cars that can
dynamically plan routes and avoid obstacles [9], [12]. In the execution of complex tasks,
Al-equipped robotic arms improve efficiency and precision in production, and in the
medical field, surgical robots use Al to assist in delicate procedures [7], [11].

Al-powered robots have revolutionized various fields by increasing automation
and efficiency. In industrial production, they perform repetitive tasks with increased
precision and speed, reducing human errors and labor costs [6]. In healthcare, Al-
enhanced robots facilitate minimally invasive surgery, rehabilitation, and patient care,
providing more precise options and shorter recovery times [2], [4]. In transportation [13],
[15], Al has led to the development of autonomous vehicles, which promise safer and
more efficient travel, interpreting sensory data to navigate and make decisions in real
time, avoiding collisions [3], [10]. In space exploration, autonomous robots, such as the
Mars rovers, use Al to navigate and conduct scientific experiments on other planets,
expanding human capabilities beyond Earth.

The implementation of Al in robotics poses significant safety challenges and
requires rigorous testing and validation to ensure safe operation in various environments,
along with robust mechanisms to prevent accidents due to the unpredictability of Al
decisions [14]. Ethical considerations are key, addressing issues such as job abolition,
privacy, and the moral implications of autonomous decision-making, with the need for
clear regulations and strict ethical standards to guide the responsible development of Al
in robotics [5]. Additionally, effective human-robot interaction (HRI) is important for
successful Al integration, requiring the development of intuitive and secure interaction
protocols to ensure risk-free collaboration between robots and humans.

2. ADVANTAGES OF |IMPLEMENTING Al IN ROBOT
MANAGEMENT

Implementing artificial intelligence (Al) in driving robots brings significant
benefits, improving safety, efficiency, and accessibility. Al reduces human error by
quickly processing sensory data and adapting in real time to road, traffic, and weather
conditions. Thus, Al-equipped vehicles can anticipate and react more effectively to
potential hazards, preventing accidents. These vehicles also optimise routes and
contribute to a smoother flow of traffic, saving time and fuel.

Autonomous vehicles offer mobility solutions for people who cannot drive, such
as the elderly and those with disabilities, and can operate continuously, making them
ideal for transport and delivery services. Al also supports the transition to electric
vehicles, reducing emissions and promoting cleaner energy sources. In addition,
improved efficiency and safety lead to significant cost savings for users and businesses,
and the development of Al vehicles creates new jobs and drives economic innovation.

308



ALEXANDRU COSTINAS, MARIUS LEONARD OLAR, SEBASTIAN DANIEL ROSCA

The user experience is enhanced by the convenience and personalization offered
by Al vehicles, which allow passengers to relax or work during their journey. Al systems
learn users' preferences, providing an adapted driving experience. Autonomous vehicles
also generate and analyze data to improve performance and safety, and Al-based
predictive maintenance prevents breakdowns and extends the life of vehicles, ensuring
reliable performance. These advantages demonstrate the transformative potential of Al
in robot driving, promising a safer, more efficient and sustainable future of mobility.

3. THE OBJECTIVE OF THE PROJECT

The aim of this paper is to investigate the challenges associated with integrating
artificial intelligence (Al) into mobile robots, with a particular emphasis on enhancing
the efficiency and coordination of Al algorithms. The research focuses on identifying
obstacles that hinder optimal algorithmic performance and exploring solutions to
improve the synchronization and interaction of Al components within mobile robotic
systems. By addressing these challenges, the paper seeks to advance the development of
mobile robots that operate with greater autonomy, precision, and adaptability in dynamic
environments.
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Fig.1. Al controlled mobile robot

4. HYPOTHESES OF THE WORK

Hypothesis 1:The integration of deep learning algorithms into robotic systems
significantly enhances their autonomy and interaction in challenging environments
where they encounter obstacles.

Justification 1:Deep learning algorithms are capable of extracting and
integrating information from complex data, which can improve robots' ability to make
real-time decisions and interact more effectively in difficult situations or where they face
obstacles

Hypothesis 2:Data security and privacy issues represent a major challenge in
integrating Al into mobile robotic systems, as well as other types of robotic systems,
affecting both performance and the acceptability of advanced robotic technologies.
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Justification 2: The use of Al in robotics involves collecting and processing a
large volume of data, which raises significant concerns about the protection of sensitive
information and the security of the data systems accessed.

5. DISADVANTAGES OF IMPLEMENTING Al IN ROBOT DRIVING

The implementation of Al in robot management faces significant technical and
operational challenges. The complexity and reliability of Al systems are major concerns,
as they must operate flawlessly in unpredictable scenarios to ensure safety. In addition,
the development and maintenance of Al-based vehicles are costly, requiring substantial
financial investments in advanced sensors, computing power, and continuous updates.

Ethical and social concerns also have drawbacks for Al-based vehicles. The
possible migration of jobs, such as those of truck and taxi drivers, could lead to economic
and social problems, including unemployment and the need for retraining. In addition,
the programming of ethical decision-making in Al systems is complex, raising questions
about how to prioritize lives in unavoidable accidents and the responsibility of these
decisions.

Security and privacy issues are critical challenges for Al-powered vehicles.
These vehicles are vulnerable to cybersecurity threats, such as hacking, which can lead
to accidents and data breaches. In addition, the extensive collection of data by
autonomous vehicles raises privacy concerns, requiring robust data protection measures.

Addressing these drawbacks requires a comprehensive approach, including
technological innovation, regulatory frameworks and social adaptation to ensure safe
and ethical implementation.

Integrating Al into robot management offers numerous benefits, including
safety, efficiency, and economic benefits. However, there are technical, moral, and
privacy challenges that need to be addressed to ensure the widespread adoption and
responsible deployment of autonomous vehicles.

6. LIMITS OF IMPLEMENTING Al IN ROBOT MANAGEMENT

The implementation of Al in driving robots is limited by several technological
constraints. Sensor limitations, especially in adverse weather conditions, affect the
vehicle's ability to accurately perceive the environment. In addition, the substantial
computing power required to process real-time data from multiple sensors poses
challenges related to hardware requirements, power consumption, and heat management,
making it difficult to operate efficiently and reliably.

Regulatory and infrastructure challenges also hinder the widespread adoption of
Al-enabled vehicles. The evolution of legal and regulatory frameworks, which vary by
region, complicates the implementation process. In addition, the current road
infrastructure is not fully equipped to support autonomous vehicles, requiring significant
upgrades and investment in features such as dedicated lanes, advanced traffic
management systems, and vehicle-to-infrastructure communication capabilities.

Human factors and social acceptance further limit the integration of Al into
driving robots. Public confidence in the safety and reliability of autonomous vehicles is
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essential, but it remains low due to major accidents and safety concerns. Effective
interaction between human drivers and Al-powered vehicles is essential, especially during
the transition period, when both types of vehicles share the road. Overcoming these
challenges requires technological advancements, standardized regulations, infrastructure
development, and efforts to build public trust through testing and extensive education.

7. FUTURE DIRECTIONS OF Al DEPLOYMENT IN ROBOT DRIVING

The future of Al deployment in robot driving will see significant technological
advancements, including improved sensor fusion, improved machine learning
algorithms, and the potential integration of quantum computing. These advances will
create more accurate, reliable and efficient autonomous vehicles capable of handling
complex driving scenarios and processing large amounts of data in real time.

The development of infrastructure and ecosystems will also play a crucial role.
The deployment of a smart infrastructure with vehicle-to-infrastructure communication
systems and the deployment of 5G networks will improve real-time data exchange and
traffic management. Additionally, cities can develop dedicated lanes for autonomous
vehicles, reducing interactions with human-driven vehicles and improving overall traffic
flow.

Regulatory and ethical frameworks, together with improving human-Al
interaction, are essential for the successful integration of Al-enabled vehicles.
Standardized global regulations and robust ethical guidelines will ensure safe and
transparent implementation, while user-friendly interfaces, driver assistance solutions,
and public education programs will build trust and acceptance. Public-private
collaboration will be key to creating policies, standards and infrastructure to support the
safe and efficient adoption of autonomous vehicles.

Table 1 summarizes these advantages and disadvantages, current limitations and
future development directions of the implementation of Al in robot management.

Table 1. Comparative table of the advantages and disadvantages, current limitations and
future development directions of implementing Al in robot management
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8. CONCLUSIONS

The integration of artificial intelligence (Al) in autonomous driving systems
presents a multitude of advantages, including enhanced road safety, improved traffic
efficiency and optimization, increased accessibility for individuals unable to drive, and
substantial economic gains. Nevertheless, this advancement also encounters significant
challenges, such as the technological limitations of sensors, high computational
demands, the absence of a standardized regulatory framework, and the need for
specialized infrastructure. Additionally, societal skepticism and issues related to social
acceptance pose further obstacles. Future efforts should prioritize technological
innovation, the development of intelligent infrastructure, the establishment of
comprehensive global and ethical regulations, and the encouragement of collaboration
between public and private sectors. Although Al-driven robotics holds significant
promise for industries such as transportation, healthcare, and space exploration, its
success hinges on addressing these challenges in a cohesive and sustained manner,
ensuring adherence to ethical and safety standards, and enhancing human-robot
interactions to fully harness the potential of Al-enhanced robotics.
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Abstract: Air quality in industrial areas is a pressing concern due to its significant
impact on public health and the environment, especially regarding PM10 particle pollution.
Effectively mitigating these risks requires practical solutions. The adoption of photovoltaic
panels for energy production emerges as an attractive option to address environmental pollution
and promote sustainable development. This study aims to comprehensively analyze the
potential of photovoltaic panels in reducing PM10 particle levels in the Jiu Valley region, an
area primarily dominated by the mining industry. The research includes an assessment of air
quality and PM10 particle pollution levels in the Jiu Valley, along with a detailed analysis of
the energy potential of photovoltaic panels in the region. Statistical analysis was conducted to
compare PM10 particle levels in the air with and without the use of photovoltaic panels,
particularly in relation to those emitted by the mining industry. The findings provide valuable
insights into the effectiveness of photovoltaic panels in mitigating PM10 particle pollution in
the Jiu Valley, thus advocating for a sustainable approach to managing air quality in industrial
areas.

Key words: air quality, photovoltaic panels, pollution, environment, industrial areas.

1. INTRODUCTION

Air pollution is a pressing concern, particularly in regions characterized by
intensive mining and coal-fired power generation. The mining industry and associated
activities contribute significantly to atmospheric pollution, releasing particulate matter
and other pollutants into the air. Of particular concern are particulate matter with a
diameter of less than 10 micrometers (PM10), which pose serious health risks due to
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their ability to penetrate deep into the respiratory system. In this context, the reduction
of pollution from coal-fired power plants is paramount [1], [21], [23] [25], [28].

These facilities are major sources of air pollutants, emitting significant
amounts of PM10 particles, Sulphur dioxide (SO2), nitrogen oxides (NOx), and other
harmful substances into the atmosphere [2]. Efforts to mitigate pollution from coal-
fired power generation are critical for safeguarding public health and mitigating
environmental degradation [3], [4]. One potential solution being explored is the
adoption of cleaner energy technologies, such as photovoltaic (PV) solar panels, as
alternatives to coal-fired power plants [5]. By harnessing solar energy to generate
electricity, PV panels offer a sustainable and environmentally friendly alternative to
traditional coal-based power generation. This shift towards renewable energy sources
has the potential to significantly reduce air pollution, improve air quality, and mitigate
the adverse health effects associated with coal-fired power generation [6], [22], [24].

PM10 particles are a type of air pollutant consisting of solid and liquid
particles suspended in the air, with a diameter of less than 10 micrometers. These
particles are highly diverse in composition, including dust, smoke, smog, and other
fine substances, and their sources can vary, including industrial, vehicular, agricultural,
or natural processes such as soil erosion. Due to their small size, PM10 particles can be
inhaled and penetrate deeply into the human respiratory system. The effects of PM10
particles on human health are considerable and varied. These particles can cause
irritation of the respiratory tract, exacerbating symptoms of asthma and other lung
conditions. Moreover, PM10 particles can enter the bloodstream, having harmful
effects on the cardiovascular system and increasing the risk of conditions such as heart
attacks and strokes. Additionally, exposure to PM10 is associated with increased
premature mortality, hospital admissions, and other health problems [7], [26], [29].

The Jiu Valley, situated in southwestern Romania, stands as one of the
country's significant mining centers, boasting a longstanding tradition in coal
extraction. Over the years, mining has served as the primary economic driver in the
region, providing employment opportunities and contributing to local development.
However, with the decline in coal usage as a primary energy source, the Jiu Valley has
faced a challenging transition towards more sustainable alternatives. Resizing mining
activities and the closure of certain mines became inevitable with changes in the
energy industry and growing concerns regarding the environment. Nonetheless, these
transition actions have not been without challenges, and one of the most significant
issues is the air pollution specific to the area. The mining industry and related activities
have been the primary contributors to air pollution in the Jiu Valley. Processes
involved in coal extraction and processing have generated significant emissions of
particulate matter, noxious gases, and other atmospheric pollutants. This pollution has
had a significant impact on the quality of life of residents in the area, directly affecting
community health and well-being. Monitoring air quality in the Jiu Valley has become
a priority for authorities in an attempt to understand and manage the pollution's impact
on human health and the surrounding environment. Sampling campaigns and data
analysis have revealed elevated levels of particulate matter, nitrogen oxides, and other
toxic substances in the air breathed by residents in the area [8], [30], [33], [35], [36].
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Addressing this issue requires an integrated approach and cooperation among
various stakeholders, including local authorities, mining companies, local
communities, and non-governmental organizations. Investments in cleaner and more
sustainable technologies, as well as the promotion of renewable energy, can contribute
to reducing pollution and improving air quality in the Jiu Valley [9]. Ultimately,
managing pollution in the Jiu Valley represents not only a challenge but also an
opportunity to transform the region into a healthier and more sustainable place where
people can live and work in a safe and clean environment [29], [31], [32], [34].

In the Jiu Valley, where air pollution, especially PM10 particles, poses a
significant challenge, the deployment of photovoltaic panels represents a promising
solution for reducing the pollutant impact of industrial and mining activities.
Photovoltaic panels are devices that convert sunlight into electrical energy without
emitting pollutants into the atmosphere or generating waste. These panels can be
installed on buildings, open land, or specially constructed structures, generating clean
electrical energy that can be used to power local consumers or integrated into electrical
grids. By harnessing solar energy, dependence on traditional energy sources such as
coal, which are associated with significant emissions of PM10 particles and other
atmospheric pollutants, can be reduced.

Moreover, installing photovoltaic panels can contribute to diversifying the
region's energy mix and increasing renewable energy production capacity. This can
have long-term benefits for the environment and the health of residents by reducing air
pollution and improving air quality. In addition to the environmental benefits,
implementing photovoltaic panels in the Jiu Valley can create economic and local
development opportunities. The construction and installation of these systems require
local labor and resources, which can stimulate economic growth and job creation in the
community [9]. In the specialized literature, there are scientific papers that analyze the
impact of pollution on the production of electricity from renewable sources, as well as
the impact of the use of sustainable (non-polluting) electricity production installations
on the reduction of pollution in certain areas of the world.

In the paper by Mardani, Hoseinzadeh and Garcia [10], the impact of aerosols
on solar power generation in Tehran, Iran is explored. Tehran, despite its high solar
energy potential due to significant levels of solar radiation, faces severe air pollution
challenges. This study aims to develop predictive models for solar attenuation caused
by particulate matter (PM2.5 and PM10) using both remote sensing data from the
NASA CERES syn 1-deg product and local observations from 2014 to 2020.The
researchers found that the models performed better in predicting aerosol attenuation in
the colder months (November, December, January) with correlation coefficients of
0.1553, 0.2926 and 0.1341, respectively. On average, aerosols accounted for a loss of
8.30% of total solar radiation. This was validated with RMSE and MBD values of
14.09% and 10.89%.The study highlights the significant impact of aerosols on solar
power generation and suggests that the developed models can improve the feasibility
and siting of PV plants by considering the attenuation effects of aerosols [10], [27].

In the work of Zheng, Lu, and Zhao [11], the impact of high-velocity
longitudinal airflow on dust removal and power output characteristics of photovoltaic
(PV) panels is explored. The study investigates how dust accumulation on photovoltaic
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panels decreases their photoelectric conversion efficiency and proposes a dust removal
method using high-speed longitudinal airflow to improve output power. Using
commercial CFD software, researchers simulate the dust removal process and establish
a model to analyze the output characteristics of PV panels under the influence of high-
velocity air flow.The study examines various factors such as tilt angles, dust particle
sizes, airflow velocities and blowing times to determine their effects on dust removal
efficiency. The results show that as the tilt angle, airflow velocity, and blowing time
increase, the dust removal rate and output power of the PV panel also increase. The
optimal conditions for dust removal are identified, demonstrating significant
improvements in power output, which can guide the practical application of high-
velocity airflow in maintaining PV panel efficiency [11].

In the paper by Khan and Bounade [12], the authors explore strategies to
mitigate PM2.5 air pollution in OECD countries. The study investigates the effects of
green investment, digitalization, renewable energy and economic growth on PM2.5 air
pollution over the period 1990-2020. The authors use advanced econometric
techniques, especially the quantile moment regression method (MMQREG), to analyze
the data. Their findings indicate that green investments, digitization and renewable
energy have a significant positive impact on reducing PM2.5 air pollution, while
economic growth tends to exacerbate it. The study highlights the importance of
adopting a holistic approach that combines green investment and digitization to
effectively mitigate PM2.5 pollution, protect public health and promote sustainable
economic growth. The paper also highlights the critical role of renewable energy and
green investments in achieving long-term environmental sustainability. It calls on
decision-makers to implement support measures for green technologies and digital
solutions to improve air quality. In addition, the study provides insights into the
different effects of these factors in different quantiles, providing a comprehensive
understanding of their impact on PM2.5 air pollution. The authors conclude by
recommending policies that encourage green investment and digitization as key
strategies to reduce air pollution and promote sustainable development in OECD
countries. The paper contributes to the existing literature by providing empirical
evidence of the benefits of integrating green and digital technologies into
environmental policy frameworks [12].

In the paper of Haramaini et al. [13], the authors investigate how socio-
economic factors influence the adoption of solar panels in urban areas of developing
countries. This study uses a quantitative, associative research method and uses
correlation analysis to understand the relationship between variables such as education
level, income, and public perception of alternative energy with the use of solar panels.
The study identifies several key socio-economic factors that significantly affect solar
panel adoption, including number of prosumers, total kWh exports, gross regional
domestic product (GRDP), total investment, total electricity load, EV home load and
air quality. The research demonstrates that there are distinct relationships between
these socio-economic variables and solar panel adoption, highlighting the importance
of factors such as government policies, economic resources and environmental
awareness in promoting the use of renewable energy. The results suggest that higher
levels of education and income are positively correlated with increased adoption of
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solar panels, while factors such as proximity to the capital and better air quality also
play significant roles. The findings provide valuable information for policy makers to
formulate effective strategies to promote solar energy, ensure sustainable energy
development and reduce environmental impact in urban areas of developing countries
[13].

In the paper of Bos$njakovi¢ et al. [14], the authors analyze the environmental
effects of photovoltaic (PV) plants. The study highlights the importance of renewable
energy, especially photovoltaic and wind, in addressing climate change and increasing
energy security. However, PV plants have environmental impacts such as greenhouse
gas (GHG) emissions, land use, water consumption and waste generation.Although the
operation of PV plants generates minimal emissions, significant emissions occur
during the production, transport and installation of the components. These emissions
will decrease with the increase in the share of renewable energy and the improvement
of production technologies. Land use for PV installations is a critical issue, and the
authors estimate that there is sufficient land available, but emphasize the need for
careful planning to minimize impacts. Water consumption in PV systems is relatively
low, but manufacturing and recycling processes can consume significant amounts of
water, requiring full life cycle assessments.Biodiversity impacts include habitat loss
due to deforestation for PV installations, although well-managed solar farms can
increase biodiversity. Noise pollution from inverters, transformers and cooling fans is
another issue addressed, with recommendations for noise reduction. End-of-life
management of PV systems emphasizes the need for efficient recycling and reuse to
minimize waste. A significant increase in PV waste is predicted until 2050,
highlighting the importance of developing sustainable recycling technologies and
policies [14].

2. MATERIALS AND METHODS

Solar energy represents a promising and sustainable solution for meeting the
growing global demand for electricity. Among the key components of solar energy
systems are solar panels, which capture sunlight and convert it into usable electrical
energy. In this chapter, we explore three main types of solar panels: monocrystalline,
polycrystalline, and thin-film. Each type has its own unique characteristics,
advantages, and applications.

Monocrystalline solar panels are made from single-crystal silicon, giving them
a uniform appearance and high efficiency. They are known for their sleek black
appearance and superior performance in areas with limited space. Monocrystalline
panels are often used in residential and commercial installations where space is a
premium and maximum efficiency is desired.

Polycrystalline solar panels are manufactured from multiple silicon crystals,
resulting in a speckled blue appearance. While slightly less efficient than
monocrystalline panels, polycrystalline panels offer a cost-effective solution for larger
installations where space is not a constraint. They are commonly used in utility-scale
solar farms and large commercial projects.
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Thin-film solar panels are constructed using thin layers of photovoltaic
material deposited onto a substrate, such as glass or plastic. They are lightweight,
flexible, and less expensive to produce compared to crystalline silicon panels. Thin-
film panels are suitable for applications where weight, flexibility, or aesthetics are
important factors, such as building-integrated photovoltaics (BIPV) and portable
electronic devices.

To assess the performance of these solar panel types in the Petrosani region,
we collected climate data, including average temperatures, sunlight duration, and cloud
cover, from reliable sources. Using MATLAB, we conducted a comprehensive analysis
to estimate the energy output of each panel type throughout the year. MATLAB, a
high-level programming and numeric computing platform, enabled us to simulate and
model the performance of solar panels accurately. By correlating the climatic variables
with solar panel performance, we validated our results and gained insights into the
suitability of different panel types for the local climate conditions. Through this
analysis, we aim to provide valuable insights into the selection and deployment of solar
energy systems in the Petrosani region, ultimately contributing to the transition
towards a more sustainable and renewable energy future.The climate data provided in
the tabular format below has been obtained from specialized sources (National
Meteorological Administration of Romania) [15] and describes the climatic conditions
of the Jiu Valley region, particularly Petrosani, Hunedoara. These data points
encompass various meteorological parameters crucial for understanding the
environmental context and assessing the feasibility of solar energy utilization in the
region.

Table 1. Climatic data from Petrosani [15]

Month Avg. Min | Avg. Max Sunny Partially Overcast Rainy
Temp Temp Days Cloudy Days Days
(°C) (°C) Days
January -3 3 5 10.8 15.2 12.3
February -3 3 4 9.5 14.8 12.9
March 1 7 3.7 11.8 15.5 15.4
April 6 14 3.6 14 12.4 17.4
May 11 19 2.5 17.6 11 19
June 14 22 3.8 18.4 7.8 18
July 17 25 6.8 19.1 5.1 15.8
August 17 25 7.2 17.8 5.9 12.8
September 13 20 6.1 13.5 10.5 11.6
October 8 16 7.8 115 11.7 11.2
November 3 9 6 10.4 13.5 12.3
December -2 4 6.9 9 9 13.3

These data points (Table 1) encompass average minimum and maximum
temperatures, the number of sunny days, partially cloudy days, overcast days, and
rainy days for each month of the year. They serve as fundamental inputs for analyzing
the solar potential and suitability of implementing solar panel systems in the region. By
considering these climatic factors, one can assess the expected performance and
efficiency of solar panels in harnessing solar energy throughout the year. Additionally,
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these data aid in formulating strategies for optimizing solar energy utilization and
mitigating potential environmental impacts.

3. RESULTS

The first step in our entire research was the interpretation and visualization of
climate data for the region of Jiul Valley, Petrosani, Hunedoara, using the MATLAB
programming language [16], [17]. We imported the climate data and stored this
information in appropriate variables, including the average minimum and maximum
temperatures for each month, as well as the number of sunny, partly cloudy, cloudy,
and rainy days [18]. Then using this organized data, we made the performance graph of
the electricity production estimated to be produced for monocrystalline, polycrystalline
and thin film solar panels for each month of the year in Petrosani, (Fig 1).
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Fig. 1. Solar panel performance graph

In our analysis, we observed that monocrystalline panels consistently exhibited
the highest energy output throughout the year. This is attributed to their higher
efficiency and superior performance in varying light conditions. Monocrystalline
panels are particularly effective during periods of low sunlight, such as winter months,
making them well-suited for regions with fluctuating weather patterns like Petrosani.
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Polycrystalline panels also demonstrated satisfactory performance, albeit
slightly lower than monocrystalline panels. Their cost-effectiveness and moderate
efficiency make them a viable option for larger installations where space is not a
constraint. However, their energy output may fluctuate more significantly in response
to changes in sunlight intensity.

Thin-film panels, while lightweight and flexible, exhibited the lowest energy
output among the three types. Despite their lower efficiency, thin-film panels offer
advantages in specific applications where weight and flexibility are critical factors.
However, in Petrosani's climate, characterized by seasonal variations in sunlight and
temperature, thin-film panels may not be the most efficient choice for maximizing
energy production.

The temperature graph illustrates the monthly variation in average minimum
and maximum temperatures in Petrosani (Fig 2). We observed that temperatures tend
to be lowest during winter months (December to February) and highest during summer
months (June to August). These temperature fluctuations can impact the performance
of solar panels, with higher temperatures generally leading to decreased efficiency.

Monthly Temperature Variation in Petrosani
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Fig. 2. Temperature Variation

The sunlight and cloud cover graph depicts the number of sunny, partially
cloudy, overcast, and rainy days for each month (Fig 3). We found that Petrosani
experiences a relatively high number of sunny days during summer months, which
corresponds to increased solar energy production. However, the region also
experiences frequent cloud cover and rainy days, particularly during spring and
autumn, which can reduce solar panel efficiency.
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o Monthly Variation in Sunlight in Petrosani
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Fig. 3. Sunlight and cloud cover in Petrosani

By analyzing these results (Fig 4), we can gain valuable insights into the
performance of different solar panel types in Petrosani's climate. Monocrystalline
panels emerge as the most reliable option for consistent energy production throughout
the year, followed by polycrystalline panels. Thin-film panels, while offering
flexibility, may not be the optimal choice for maximizing energy output in Petrosani's
climate. These findings can inform decision-making processes regarding the selection
and deployment of solar energy systems in the region, contributing to the transition
towards a sustainable energy future.

The research aimed to evaluate through a realistic simulation the potential
reduction of PM10 particles in Petrosani through the implementation of photovoltaic
(PV) panels for the production of electricity. Petrosani currently faces significant air
pollution with an annual average concentration of PM10 at 35 pg/m3, mainly due to
coal-fired power generation and other sources such as mining operations and industrial
activities [19]. In order to make a realistic simulation, we took into account the total
annual electricity consumption in Petrosani, which includes the residential, commercial
and industrial sectors. The population of Petrosani is approximately 31,044 inhabitants,
and the average consumption of electricity per capita is 2,800 kWh per year. This
results in a total residential consumption of 86.9 GWh. In addition, taking into account
the energy consumption of the commercial, industrial and institutional sectors, we
estimate an additional 50% on top of residential consumption, bringing the total
commercial, industrial and institutional consumption to 130.35 GWh. Therefore, the
total annual combined electricity consumption is 217.25 GWh.
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Solar Panel Performance in Petrosani
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Fig. 4. Solar panel performance in Petrosani

Initially, 90% of Petrosani's energy comes from coal, contributing significantly
to PM10 emissions, the remaining 10% from renewable sources. The simulation
assumes a gradual increase in the proportion of solar energy by 10% annually, up to a
realistic maximum limit of the PV installation, starting from an estimated current
coverage of 0.5 km? and aiming to cover approximately 5 km2 by the end of the
simulation period. The photovoltaic panels have an efficiency of 18% and the average
daily solar radiation is about 5 kWh/mz2 for sunny days.

PM10 emission factors include contributions from power generation (coal) at
0.1 pg/mé per MWh and from other sources such as mine tailings and traffic, which
account for 50% of the initial PM10 concentration.

The simulation integrates these data points and assumptions to model the
potential reduction in PM10 concentrations over a 10-year period by gradually
installing solar panels, replacing coal-fired power. The concentration of PM10 from
other sources remains constant to ensure a realistic model.

The results showed a steady decrease in PM10 concentrations over a 10-year
period (Fig 5). Initially, PM10 levels saw moderate reductions as the proportion of
solar power in the electricity mix gradually increased. Each year, the area covered by
photovoltaic panels increased by 10%, which corresponded to a greater amount of
coal-based energy being replaced by solar energy. By the end of the ten-year period,
PM10 levels had fallen significantly, reflecting the impact of increased use of solar
panels. However, PM10 concentrations never fell below contributions from other
sources, ensuring that the model remained realistic and not overly optimistic.
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Fig. 5. Simulation of gradual reduction of PM10 concentration in Petrosani through the
implementation of photovoltaic panels

The implementation of photovoltaic panels in Petrosani demonstrates the
potential to significantly reduce PM10 levels, helping to improve air quality. However,
persistent contributions from other sources of PM10, such as mining operations and
industrial activities, highlight the need for a comprehensive approach to pollution
reduction. Addressing all major contributors is crucial to ensuring a cleaner
environment in Petrosani. This research highlights the importance of integrating
renewable energy solutions while simultaneously managing other sources of pollution
to achieve substantial air quality improvements. The data and results obtained are
based on the assumption that approximately 5 km?2 of solar panels will be installed
during the simulation period.

The conducted study demonstrates a significant decrease in the levels of PM10
particles in the air when photovoltaic panels are used compared to periods without their
use.

The results comparing the reduction of PM10 particle levels achieved by the
photovoltaic panels with the emissions from the mining industry, offer a perspective on
the efficiency of this renewable energy solution.The analysis reveals the potential
energy generation capacity of photovoltaic panels in the Jiu Valley region, highlighting
their role in sustainable energy production [20].

4. CONCLUSIONS

The study clearly demonstrates that the implementation of photovoltaic (PV)
panels in Petrosani has a significant potential to reduce PM10 levels. Through a
realistic simulation, taking into account the total annual electricity consumption and
the gradual increase in the installation of photovoltaic panels, the research highlights
several key findings.
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First, the switch from coal-based energy to solar energy can lead to a
substantial decrease in PM10 concentrations. The simulation showed a consistent and
gradual reduction in PM10 levels over the ten-year period, confirming that increasing
the share of solar energy in the electricity mix effectively reduces emissions from coal-
fired power plants. This reduction is crucial to improving air quality and mitigating the
negative health effects associated with PM10 particles.

Second, the results highlight the importance of a gradual and planned approach
to the adoption of renewable energy. Starting from a modest initial coverage of 0.5 km?
and aiming to cover approximately 5 kmz2 by the end of the simulation period, the study
illustrates how systematic and incremental increases in solar power capacity can
achieve significant environmental benefits. This approach ensures that the transition is
both feasible and sustainable.

In addition, the findings highlight that while solar power can significantly
reduce PM10 levels, other sources of PM10, such as mining operations and industrial
activities, remain a challenge. The simulation accounted for constant contributions
from these sources, ensuring that the model remained realistic. Therefore, a
comprehensive pollution management strategy addressing all major contributors is
essential to achieve substantial improvements in air quality.

The study also highlights the dual benefits of adopting photovoltaic panels.
Beyond reducing PM10 levels, the transition to renewable energy contributes to
broader environmental sustainability goals. It helps reduce dependence on fossil fuels,
reduce greenhouse gas emissions and promote cleaner, healthier air for local people.

In conclusion, the implementation of photovoltaic panels in Petrosani is a
promising solution for reducing PM10 levels and improving air quality. The research
provides valuable insights into the potential environmental and health benefits of
renewable energy adoption. It also highlights the need for an integrated approach to
pollution management that addresses both energy production and other significant
sources of PM10. By continuing to invest in and support the adoption of renewable
energy technologies, Petrosani can pave the way to a cleaner and more sustainable
future for its residents and the wider Jiu Valley region.
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MODELLING AND IMPLEMENTATION OF THE
DASHBOARD INTERFACE FOR ELECTRIC VEHICLES
USING ADVANCED SIMULATION TECHNOLOGIES AND
NAVIGATION APIS

VICTOR TRIOHIN?, TUDOR MANOLE?

Abstract: This paper presents the design and implementation of a digital dashboard
interface for electric vehicles using advanced simulation technologies and navigation APIs. The
proposed dashboard system integrates real-time data processing and visualization to provide
critical information to the driver, enhancing both the safety and efficiency of electric vehicle
operation. Developed on a low-cost embedded platform, the system utilizes a combination of
GMap.NET for mapping and navigation, the OpenWeatherMap API for real-time weather
updates, and the Geoapify API for route planning and navigation functionalities. The graphical
interface, created using Windows Forms and C#, includes features such as speed indicators,
battery level indicators, navigation aids, and current weather information. A simulation program
was developed to demonstrate the system's capabilities, including real-time updates of vehicle
parameters such as speed, battery level, and remaining range. The simulation adjusts these
parameters based on user inputs and driving conditions, providing an accurate representation of
the vehicle's performance. The study highlights the system's adaptability to various vehicle
models with minimal modifications and its potential for future enhancements, such as integrating
additional sensors and incorporating Al algorithms for improved performance. The research
underscores the importance of user-friendly interfaces and real-time data integration in modern
electric vehicles, offering a scalable and cost-effective solution for enhancing electric vehicle
usability.

Key words: real-time data processing, user interface, vehicle management, simulation
program, embedded platform

1. INTRODUCTION AND LITERATURE REVIEW

The on-board computer system of an electric vehicle (EV) is a vital component
that significantly enhances the driving experience by providing essential information for
monitoring and controlling the vehicle. As the automotive industry moves towards more
advanced and intelligent systems, the need for efficient, cost-effective, and customizable
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dashboard interfaces becomes increasingly important. These interfaces not only improve
the usability and safety of EVs but also contribute to a more sustainable and enjoyable
driving experience.

The existing commercial car computer systems are often prohibitively expensive
and lack the flexibility required for customization and expansion. This limitation has
created a demand for innovative solutions that can provide real-time vehicle data and
navigation functionalities without the high costs associated with commercial products.
Addressing this gap, our research focuses on developing a digital dashboard interface
for electric vehicles using advanced simulation technologies and navigation APIs. The
paper by Parth Bhatnagar et al. [1] addresses the issue of range anxiety among electric
vehicle (EV) owners. It introduces "EV-Connect,” a mobile application designed to
optimize EV range by providing users with real-time battery status updates, route
optimization suggestions, a charging station locator, and a community platform for EV
enthusiasts. The authors begin with a comprehensive literature survey of existing mobile
applications and their features related to EV management. They detail the development
of EV-Connect using Django and Firebase for backend functionalities and Flutter for
frontend development. The app integrates several APIs, including Google Maps for
navigation, Open Weather Map for weather updates, and Open Charge Map for charging
station locations, offering a robust tool for EV owners. Results demonstrate the app's
effectiveness in enhancing the EV user experience, reducing charging costs, minimizing
grid stress, and promoting efficient use of renewable energy sources. The authors
emphasize addressing "range anxiety" to facilitate broader EV adoption, highlighting the
need for ongoing collaboration, adaptive solutions, and continuous improvement based
on user feedback. Future work includes integrating data from EV built-in systems for
more accurate information and further enhancing the app to meet user needs. This
research underscores the critical role of smart EV charging solutions in promoting
sustainable transportation and improving the overall user experience for EV owners [1].

The paper by Shyba Zaheer et al. [2] delves into the real-time monitoring of
lithium-ion battery health within the framework of Industry 4.0. The study highlights the
development and deployment of a dashboard utilizing STM32 microcontrollers,
advanced sensor technology, and data analytics to provide continuous insights into
battery performance, including state of charge (SOC) and temperature. Integrating loT
principles, the system aims to enable predictive maintenance and optimize resource
utilization, enhancing operational efficiency and reliability in industrial settings. The
paper highlights the significance of lithium-ion batteries in electric vehicles (EVs),
noting their high energy density and extended driving range. It addresses safety concerns
such as thermal runaway, fires, and explosions, which can occur due to overcharging or
physical damage. The authors detail the development of the dashboard using STM32
microcontrollers, advanced sensors, and data analytics to monitor SOC and temperature
continuously. The methodology includes the design and implementation of charging and
discharging processes, sensing of current, voltage, and temperature, data processing
using MATLAB, and the display of real-time information through a user-friendly
dashboard. The results indicate effective monitoring of battery health, with SOC
variations and temperature stability being accurately tracked during charging and
discharging conditions.

330



VICTOR TRIOHIN, TUDOR MANOLE

The paper by Agnieszka Dudziak et al. [3] explores the evolution and impact of
modern vehicle communication systems, specifically focusing on intelligent car
dashboards equipped with multimedia and internet connectivity. The study examines
various types of dashboard interfaces, including analogue switch dashboards (ASD),
gesture/speech controlled dashboards (GSD), and touch screen dashboards (TSD),
assessing their convenience and safety from the driver's perspective. The authors
conducted a comprehensive literature review, highlighting current trends in vehicle
technology and the shift from mechanical controls to interactive touch panels, voice, and
gesture control systems. This shift is driven by advancements in technology and the need
for efficient handling of multiple functions within vehicle infotainment systems. The
research methodology involved a survey of 863 drivers with varying levels of experience
and driving environments. The survey aimed to gather opinions on the three types of
dashboard interfaces, focusing on their usability and safety implications. The analysis
employed correspondence and decision tree analyses to evaluate the data and identify
significant differences in driver assessments based on demographics and driving
conditions.

The study underscores the importance of aligning vehicle control systems with
driver needs and safety, highlighting that the development of these systems should
continue to evolve towards more intelligent and autonomous solutions. The findings
emphasize the necessity for ongoing user feedback and adaptive solutions to enhance the
driving experience and promote road safety [3].

The paper [4] addresses the challenge of creating an affordable, customizable
car dashboard. It focuses on displaying real-time vehicle data such as speed, engine
RPM, fuel levels, and battery status, using a Raspberry Pi 3 single-board computer. The
dashboard receives data from the vehicle's CAN bus via an OBD-II cable. The study
reviews existing commercial car computer systems, noting their high costs and limited
customization options. It then details the design and implementation of a digital
dashboard that is cost-effective and adaptable to various vehicles with minimal physical
or software modifications. The authors highlight the potential for future enhancements,
such as integrating GPS modules and inertial measurement units (IMUs). The system
architecture includes a low-cost embedded platform optimized for graphical design. This
platform processes and displays critical vehicle information interactively in real-time,
ensuring that the final device is both affordable and highly functional. The paper
concludes by demonstrating the feasibility and performance of the digital dashboard,
emphasizing its adaptability and the ease of future upgrades. This research contributes
to the development of accessible and customizable vehicle management systems,
aligning with the broader goals of enhancing electric vehicle usability and driver
experience.

2. IMPLEMENTATION
2.1. Graphical interface
The graphical interface of the dashboard system is developed using Windows

Forms and the C# programming language, offering an interactive and intuitive
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experience for the user. The graphical interface includes a series of elements that provide
essential information and functionalities for the driver:

Speed indicator: displays the current speed of the vehicle, allowing the driver to
monitor and adjust the speed while driving;

Maps and navigation: offers navigation functions, including route planning,
turn-by-turn directions, and displaying points of interest along the route. These
functionalities are integrated into the graphical interface to help the driver
navigate efficiently to their destination;

Current weather information: displays information about current weather
conditions, such as temperature, humidity, wind speed, and visibility to help the
driver make informed decisions during the trip;

Energy consumption graph: includes a graphical representation of the energy
consumed per hour. This graph provides detailed information about the vehicle's
energy consumption over time, helping the driver to monitor and optimize
energy usage;

Gear indicator: Shows the current gear position of the vehicle. The positions
include Park (P), Reverse (R), Neutral (N), Drive (D), and Sport (S). This helps
the driver know the operational state of the vehicle;

Tire pressure: indicates the current tire pressure, which is shown as 2.0 bar.
Proper tire pressure is crucial for safe driving, optimal fuel efficiency, and tire
longevity;

Distance driven: shows the total distance the vehicle has travelled, which can be
useful for maintenance schedules and overall vehicle usage tracking.

Battery capacity, temperature, and drivable time: displays the total capacity of
the vehicle's battery, allowing the driver to understand the maximum energy
storage. Additionally, it shows the battery temperature, which helps in assessing
the battery's performance and health. The indicator also provides the remaining
drivable time, enabling the driver to manage energy consumption and plan
charging stops efficiently;

Other useful information: the graphical interface also includes other elements,
such as a visual representation that adjusts the display according to the time of
day (Day/Night Mode) for optimal visibility and reduced eye strain during night-
time driving; the cellular signal strength, indicating the availability of a 5G
connection for navigation, communication, and other connected services; a top-
down view of the car showing its current state, such as whether the doors are
closed and lights are off, to help the driver ensure that all parts of the car are in
the correct state before and during driving; and the current time and date to help
the driver manage their schedule with real-time information.
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Fig.1. The graphical user interface

2.2. Design and ease of use

The graphical interface is carefully designed to be easy to use and understand,
considering that the driver needs to primarily focus on driving the vehicle. The design is
simple and intuitive, with accessible control elements strategically placed to allow quick
and efficient access to information and functionalities. The graphical interface can
integrate advanced technologies such as high-resolution displays, voice commands, and
touch interfaces to offer an enhanced and more intuitive user experience. These
technologies can help reduce distractions and improve safety while driving.

2.3 Navigation functions in the on-board computer system

The navigation functions are designed to help the driver plan and follow routes
to destinations, providing precise directions and route information to facilitate the
journey. The system allows the user to input the desired destination by directly selecting
a point on the map, providing an intuitive and efficient way to set navigation goals
without the need for typing addresses. Users can also select multiple points on the map,
and the system will calculate the route based on all of them. By enabling multiple
destination inputs and optimizing routes accordingly, the navigation system greatly
enhances trip planning capabilities, making it a powerful tool for both everyday use and
professional applications. This leads to time savings, reduced travel stress, and improved
overall efficiency on the road. Once the destination is entered, the system calculates the
fastest or shortest possible route. During the journey, the system provides visual
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directions to follow to reach the destination. These directions include turns, traffic lights,
pedestrian crossings, and other important landmarks along the route (Figure 2).

T:17,9°C, H: 71%, W: E 1,63 m/s 20:14 0£.07.2024

Fig.2 Temperature, time, date and other information

Additionally, the map can be visualized in three different modes: satellite view,
terrain view, and standard map view (Figure 3). This functionality allows users to choose
the most suitable view for their needs. For instance, the satellite view offers a detailed
aerial perspective, which can be particularly useful for identifying landmarks and
navigating in unfamiliar areas. The terrain view highlights geographical features, making
it ideal for routes through mountainous or rural areas where understanding the
topography is important. The standard map view provides a clear and straightforward
representation of roads and infrastructure, which is useful for everyday driving in urban
or suburban environments. These visualization options can significantly enhance the
driver's ability to plan and navigate routes effectively. For example, when traveling
through a densely populated city, the standard map view can help identify the best streets
to avoid traffic congestion. In contrast, when driving in the countryside or mountainous
regions, the terrain view can help anticipate changes in elevation and road conditions.
The satellite view can assist in recognizing specific buildings or landmarks, making it
easier to find exact destinations in complex settings like large campuses or industrial
areas. By offering these versatile map visualization modes, the system ensures that
drivers can adapt their navigation experience to different driving conditions and personal
preferences, ultimately improving safety, convenience, and efficiency on the road.
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Fig.3 Navigation system

334



VICTOR TRIOHIN, TUDOR MANOLE

3. TECHNOLOGIES USED
3.1 GMap.NET

GMap.NET [5] is a mapping and map display technology that offers a robust
and user-friendly interface for integrating interactive maps into .NET applications. In
the on-board computer system of an electric car, GMap.NET is used to display maps,
including street maps, terrain maps, satellite maps, and others. These maps are displayed
within the graphical interface of the on-board computer system, providing the user with
a visual view of the area they are in and the planned route. The user can interact with the
displayed maps using a mouse or other interaction devices. For example, the user can
zoom into a specific area of the map, scroll to explore adjacent areas, or click on points
of interest to obtain additional information. In addition to displaying basic maps,
GMap.NET also allows for the addition of extra elements to the maps, such as markers,
route lines, polygons, and others. These elements can be used to highlight planned routes,
electric vehicle charging stations, or other relevant points of interest.

3.2. OpenWeatherMap API

The OpenWeatherMap API [6] provides access to detailed weather data such as
temperature, humidity, wind speed, and more for locations worldwide. In the on-board
computer system of an electric car, the OpenWeatherMap API is used to provide up-to-
date weather information and assist the driver in making route and driving decisions.
Weather data obtained through the OpenWeatherMap API is displayed within the
graphical interface of the on-board computer system, allowing the user to see current
weather conditions and consider this information when planning the trip.

3.3. Geoapify API

The Geoapify API [7] offers various routing and navigation functionalities,
which are used in the on-board computer system of an electric car to provide the driver
with useful and precise information related to the planned route and travel conditions.
Road maps are displayed within the system’s graphical interface using data obtained
through the Geoapify API. These maps include the planned routes, points of interest, and
other relevant travel information.

4. DRIVING SIMULATION

To demonstrate the functionality and features of the interface, a simulation
program was created for an electric car [8], [9]. The simulation begins with the
initialization of the car's parameters and the initial driving conditions [10], [11]. This
includes the car's weight, battery capacity, motor power, friction coefficients, and other
relevant parameters. The objective is to calculate the car's speed based on acceleration,
car mass, and other influencing factors using the derived formulas [8], [12].
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Initialization parameters
The initial parameters for the electric car simulation are as follows:
o Weight of the car (W): The weight of the car.
e Battery capacity (C): The battery capacity.
e Motor power (P): The motor power.
e Rolling resistance coefficient (kr): The rolling resistance coefficient.
o Aerodynamic drag coefficient (Cd): The aerodynamic drag coefficient.
e Frontal area (A): The frontal area.
e Air density (p): The air density.

Driving Forces
The forces acting on the car are calculated as follows:
1. Rolling resistance force (Fr)(1):

Fr:W'kr (1)

where:
e W isthe weight of the vehicle.
o Kk is the rolling resistance coefficient.
2. Aerodynamic drag force (Fd)(2):

Fa=12-p-Ca-A-V? (2)

where:
e pis the air density.
e Cqisthe drag coefficient.
e Alis the frontal area.
e Vs the vehicle velocity in meters per second (m/s).
3. Motor force (Fm)(3):

Fm=P-1000 v (3)

where:
e P is the motor power in kilowatts (kW). The factor 1000 converts
kilowatts to watts for consistency in units.
e Vs the vehicle velocity in meters per second (m/s).
Vehicle dynamics

The total driving force and the resulting acceleration are determined using the
following equations:
1. Total driving force (Ft)(4):
Ft=Fm—Fr—Fd 4)

where:
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e Fmiis the motor force.

e Fristhe rolling resistance force.

e Fdis the aerodynamic drag force.
2. Acceleration (a)(5):

A = Ft/m (5)

where:
e Ftis the total driving force.
e m s the mass of the vehicle.

Simulation of speed
To determine the speed of the car over time, the following kinematic equations
are used:
1. Velocity v(t) (6):

vi)=vo+a-t (6)

Where:
v(t) is the velocity at time t.
Vo is the initial velocity.
a is the acceleration.
tis the time.
2. Position s(t)(7):

s(t)=so+Vvo-t+1/2-a-t (7

Where:
e 5(t) is the position at time t.
e g is the initial position.
e\ is the initial velocity.
e ais the acceleration.
e tisthe time.

The car's motion is simulated using a set of predefined formulas [8]. This
approach facilitates the assessment of the vehicle's range and performance throughout
the route. The simulation continuously monitors and updates the battery level based on
the car's energy consumption and additional factors such as energy regeneration during
braking (Figure 4).

Parameters such as the coefficient of friction, aerodynamic drag coefficient,
frontal area, and motor power are dynamically adjusted in real-time, taking into account
driving conditions like speed, gear selection, and terrain.
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Fig.4. Regeneration of energy during braking

Users can change gears according to driving requirements, and the simulation
adapts the car's performance accordingly. During the simulation, visual feedback is
provided to the user, displaying essential information such as current speed, battery level,
and remaining range.

By persistently updating the car's parameters and offering real-time feedback,
this simulation serves as a comprehensive tool for evaluating the vehicle's range,
performance, and energy efficiency.

This methodology not only enhances the understanding of the car's capabilities
but also aids in optimizing driving strategies to improve performance and conserve
energy. Future advancements may include more detailed terrain modelling and the
integration of real-world driving data to further enhance the accuracy and applicability
of the simulation. In addition to the benefits related to reducing energy consumption,
such a system can help in the fight to reduce pollution, thus ensuring an effective
sustainable framework [13].

5. CONCLUSIONS

This paper presents the design and implementation of a digital dashboard
interface for electric vehicles, utilizing advanced simulation technologies and navigation
APIs. The developed system demonstrates a significant improvement in providing real-
time vehicle data and enhancing the overall driving experience through a user-friendly
interface. The integration of GMap.NET, OpenWeatherMap API, and Geoapify API has
enabled the creation of a robust and interactive dashboard that offers comprehensive
navigation, weather updates, and vehicle performance metrics.
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The use of Windows Forms and C# for the graphical interface ensures an
intuitive and accessible user experience, allowing drivers to focus on the road while
accessing essential information effortlessly.

The simulation program, which includes real-time adjustments of vehicle
parameters based on user inputs and driving conditions, provides an accurate
representation of vehicle performance and assists in route planning and energy
management.

The findings highlight the potential for future enhancements, such as integrating
additional sensors and improving Al algorithms to further refine the system's
capabilities. This research underscores the importance of real-time data processing and
user-friendly interfaces in modern electric vehicles, offering a scalable and cost-effective
solution for enhancing vehicle usability and driver satisfaction.

The proposed digital dashboard interface represents a significant advancement
in electric vehicle technology, contributing to safer, more efficient, and enjoyable
driving experiences. The system's flexibility and potential for continuous improvement
align with the evolving needs of EV drivers and support the broader adoption of electric
vehicles.

Future work will focus on expanding the system's functionalities and ensuring
seamless integration with emerging automotive technologies.
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ENERGY TRANSITION AS THE NECESSITY FOR
ACHIEVE A CLIMATE-NEUTRAL EUROPE
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Abstract. By 2030, the EU has to be on a clear trajectory towards an energy system
decarbonate. In addition to cost benefits, climate and energy security, the energy transition is
coming and with new challenges as the system adapts. Reducing carbon emissions represents a
difficult task for Romania as well as EU that claims for a diversified mix and strategy.

Key words: climate-neutral, greenhouse gas emissions, energy transition.

1. INTRODUCTION

The energy transition represents a global change in the type that supply and
consume energy. A key aspect of the energy transition is the replacement of fossil fuels
(coal, oil, gas) with renewable resources.

The energy transition is could consider an element of sustainable energy policy
that maximize the wellbeing of the humanity, assuring an equilibrium between
competitivity of the energy producers and environmental protection taking into account
the energy systems challenges. [1], [2], [3], [17], [21].

The European Green Deal has the goal for a climate-neutral Europe by 2050
and the main objective is to reach net zero by that year, as the amount of carbon
dioxide (CO_) emitted into the atmosphere to be equal to the amount of CO, removed
from the atmosphere. At the world level, it is estimated that natural absorbers (forests,
soil, oceans) remove between 9.5 and 11 gigatons of CO; / year. Nowadays, global
CO, emissions (37.8 gigatons in 2021) exceed natural CO, removal capacity. From this
reason, measurements to reduce CO, emissions and increase capacity are needed
simultaneously of CO, removal. The European climate law applied from July 2021,
sets an intermediate target for the amount of greenhouse gas emissions to be achieved
by 2030, 55% lower than in 1990 [2], [4], [18], [23].

The target could become a 57% reduction, if the increase in the absorptive
capacity of the land is achieved and forests to 310 million tons of CO, by 2030 as
stipulated by regulation 839/2023.

1 Associate Prof. Eng., Ph.D. University of Petrosani, ilieutu@upet.ro
2 Associate Prof. Eng., Ph.D. University of Petrosani, danielastochitoiu@upet.ro
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The development of sustainable energy policy in Romania is considering as a
rapidly and continuous process for ensuring optimal solutions of long term for
customers [20].

All countries in the region have reduced greenhouse gas emissions (GHE)
compared to 1990, the below figure shows the evolution of GHE in Romania for the
last two decades (fig.1).
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Fig.1. The evolution of GHE in Romania for the last two decades
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Based on implementation of clean technologies or de-pollution technologies Romania
achieved the largest reduction, from 257 thousand tons of CO; equivalent to 110
thousand tons of CO; equivalent in 2023.
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Fig.2. Detailed evolution of gase emissions in Romania

Relative to the population, greenhouse gas emissions decreased from 11.1 tons
per capita to 5.9 tons/pers. Most of these emissions consisted of emissions of carbon
oxides (66%) and methane (23%). [5], [6], [2].

Romania stands out among the countries in the region due to its double weight
in greenhouse gas emissions methane, a gas that does not stay in the atmosphere as
long as CO,, but because it absorbs a lot more solar energy has a much higher
greenhouse effect (fig.2a). The most polluting activities remained fuel-burning
activities, which generated 3.9 tons/pers. of greenhouse gases in 2022 (fig.2b). The rest
of the greenhouse gas emissions were due to industrial processes (0.7 tons/ pers.) and
agriculture (1 tons/ pers.).
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In Romania, agriculture is polluting more than industrial processes. Most of
the pollution resulting from the burning of fuels as is generated by the transport sector
and energy sector (fig.2c).

Compared to 1990, pollution in the energy sector has decreased (from 3.1
tones/pers. to 0.9 tons/pers.), but in the transport sector it increased (from 0.5
tones/pers to 1.1 tons/ pers). [7], [8], [9], [10].

The other two sources of pollution by burning fuel are representing by
construction sector and buildings. Compared to 1990, pollution in the construction
sector decreased (from 2.3 tons/pers. To 0.7 tons/pers.), and building pollution
increased (from 0.5 tons/ pers. to 0.6 tons/ pers.).

Romania has reduced GHE emissions from 2022 by 56% compared to 1990,
above the target of 55% set by the European Commission for 2030. However, efforts to
reduce pollution have to be in line to achieve climate neutrality by 2050. Romania
emits gases with GHE effect of 133 tons CO; equivalent further, which means the need
to reduce emissions in parallel to the increase in the CO, absorption capacity of land
and forests. This capacity will increase to 49.3 tons of CO;, equivalent, above the target
of 26.5 tons of CO, equivalent set for 2030 by the European Commission, Romania
being the only country in the region with such a performance under the conditions in
which the surface forested area increased slightly up to 30% of the country's surface in
2022.

2. DECREASING POLLUTION MEASURES

In the last 6 years, the structure of electrical energy production electrical was
strongly influenced by the retreat of coal or hydrocarbon power plants or groups
generators from operation.

During the period September 2017 — June 2023 ware retreated from operation
capacities totaling an installed capacity of 5508 MW in Romania. So, the capacity
installed in the energetic power reached a historic low of 18.254 MW in 2023. In
Romania, some capacities were installed as power plants put in operation about 624
MW, most of the power, installed photovoltaic farms — 496 MW, but they did not
compensate the decommissioning of two coal-fired units from CE Oltenia, last year.
[11], [22], [13], [3].

While wind and solar power were touching production records in Europe,
flexibility system becomes vital for accelerating the transition energy, which it still
based on fossil sources. Lignite is remaining an important source for electricity
production, currently covering almost 18% of total electricity production at the
national level.

There is a set of measures that is recommended for reducing pollution, all of
them have the same importance and also reinforce each other:

- first, expanding the use of technologies based on renewable energy sources

for the generation of electricity is approaching and started many years ago.

The mix of usable of renewable resources depends on existing technologies,
availability resources, the climatic conditions determined by the geographical position
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of Romania. In Romania, the renewable resources used in order of importance are the
waters (35 6%), the wind (16.3%) and the sun (7.7%) [14], [19], [22].
second, increasing energy efficiency can reduce the amount of energy
required. Romania had the third highest energy efficiency in the region last
year.
- third, public spending for environmental protection they can finance
measures where ecological balances are precarious and natural capacity of
CO2 absorption can be improved.

MEASUREMENTS OF
REDUCING CARBON
EMISSIONS
Developing countries Developing countries Developed countries
challenges opportunities responsibility
Leapfrogging -Financial assistance:
-Poverty:; technologies; -Energy _‘eCh transfer;
-Economic progress: -Renewable energy TEnl_:lam.:mg .
-Dependence of fossil resources; institutional capacity;
. . r )
fuel; -Enhancing efficiency; -Whole world policy
-Infrastructure’s lack; -Strategies for adherence:
-Limited climate policy sustainable developing;
implementation: -International

collaboration;

Fig.3. Climate change and build a low-carbon for a sustainable future

Of course, these expenses depend on the fiscal space in the budgets national. In
Romania, in the period 2017-2022, the annual public expenses for environmental
protection were the lowest.

Reducing carbon emissions represents a difficult task all over the world that
claims for a diversified strategy. Each nation, regardless of its present quantity of
emissions, has a specific role in this world effort. International collaboration, shared
responsibilities, and coordinated efforts can help nations to tackle climate change and
build a low-carbon for a sustainable future.

3. ENERGY TRANSITION AT THE MOMENT OF TRUTH

Without sufficient mineral resources, without processing units, without
sufficient equipment factories, without mature technologies, Romania and all countries
of European Union are engaged in a historic process of economic transformation, with
the energy transition at the center. About 85% of a solar panel ,70% of an offshore
wind turbine, 41% of the electrolyzes necessary for the development of the hydrogen
industry or 71% of electric cars are produced in China, which is the largest global
supplier of technology for the projects of green energy. These aspects are hard to be
reach or overtake by EU [3], [4], [15]
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The energy sector transition in Europe recorded crucial advances in 2023 as
the system energetically emerged from a period characterized by high prices and
government intervention. But although the EU has strengthened its energy ambitions
from renewable sources in response to emerging crises in the last three years.

Improving efficiency in the energy sector is crucial in the clean energy
transition process. In addition to reducing greenhouse gas emissions, investments in
energy efficiency have the effect of increasing the share of renewable energy and
combating energy poverty. Moreover, investments in this objective can create jobs,
improve the quality of life and reduce social costs. At the same time, energy efficiency
goals must be achieved without affecting productivity. In this transition process,
Romania has the advantage of having gas reserves, which will help to have a phased
energy transformation, and in addition, but the local market needs storage capacities.
[5]. [6], [16].

Beyond the moral aspect, of sustainability green transition involves major
expenses. The European Commission estimates the costs for the European Union at
700 million euros annually until 2030, or around 5% of the EU's gross domestic
product. Probably, each member state of the European Union requires comparable
outgoings. The financial sources could be different. In addition to European funds,
financing for green transition can be obtained on an internal basis through
environmental taxes and green bond issuance. For Romania, between 2017 and 2023,
green taxes accounted for 2.1% of GDP annually, representing almost all from energy
taxes meanwhile, private sector obligations amounted to USD 0.5 million in 2022 and
USD 0.2 million in 2023. For the first time, in February 2024 were issued two million
euros of sovereign bonds. [3], [6], [16].

Volumes attained from both funding sources have the potential to be high in
the next years. Romania is holding a comparative advantage in green transition relative
to other countries, which must be maintained in order to achieve the goal of climate
neutrality by the year 2050.

4. CONCLUSIONS

The growth of Romania's electric power sector is essential to the country's
overall development since it must guarantee physical availability. continuously to
provide power at a cost reachable by customers. The electricity sector's
decarbonization reflects a quick and essential step to accomplish the goals that
Romania has set for itself in the energy sector and climate change, necessitating an
adjustment to sector by boosting electricity safety, promoting social and economic
development as component of sustainable development.
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ANALYZING THE IMPACT OF MOTOR IMAGERY IN A
BCI VIDEO GAME

SEBASTIAN DANIEL ROSSZAl, MONICA LEBA? DRAGOS
PASCULESCUS?, LEON PANA*, FLORIN GABRIEL POPESCU®

Abstract: This study presents the current concerns of Brain-Computer Interfaces in
the context of current advances in signal preprocessing and monitoring and identification of
brain activity and behavior in the context of motor imaging. It also aims to identify the possible
involvement of mechanisms specific to motor execution as a form of control based on the
simulation of motor function. In this paper we developed an algorithm to quantify the effects
produced by the kinesthetic imagery of an upper limb as a mental training method used as input
for a video game. We also propose the advanced technique used to preprocess EEG raw data
recorded from three healthy subjects, followed by a power spectral density analysis to produce a
graphical representation of the beta power spectrum.

Key words: BCI, EEG, PSD, motor imagery, MATLAB.

1. INTRODUCTION

EEG is an important part of BCI and serves as a basic methodology for
acquiring and analyzing the activity of the brain to allow for direct interaction between
the human cortex and external devices. Due to the non-invasive nature of EEG and its
applications in different areas, such as cognitive enhancement, assistive technology,
and rehabilitation, there has been a significant stir of interest in EEG-based BCI
recently.

With uses far beyond its original medical focus, Brain-Computer Interfaces
(BCls) have actually become a fast-expanding area of study in recent years. These
innovative systems are revolutionizing the way humans connect with technology and
opening up new possibilities across various domains.

Brain-Computer Interfaces (BClIs) hold significant potential in the research,
treatment, and forecasting of neurological disorders. They can identify distinct signal
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patterns associated with particular disorders, such as Parkinson's disease, to facilitate
early identification and enhance diagnostic accuracy. In the treatment of Alzheimer's
disease, BCIs have demonstrated potential in augmenting cognitive performance and
enhancing memory through neural feedback mechanisms [1], [17], [21], [27]. For those
who suffer from severe impairments, BCls extend a tremendous deal of improvement
in communication. These interventions are most valuable for patients suffering from
diseases such cerebral stroke, amyotrophic lateral sclerosis, spinal column injury or
who are totally paralyzed. For those unable to speak the goal of Brain-Computer
Interface (BCI) technology is to facilitate communication by directly translating brain
intent into executable commands [2], [18], [22].

BCls have altered assistive technology, enabling inventive methods to improve
accessibility for people with physical and neurological limitations. By enabling direct
interaction between the human cortex and external equipment, BCls allow users to
control assistive tools through neural activity. Innovative applications encompass
neural-controlled prostheses, speech-generating technological devices, and systems for
smart homes adapted for accessibility [3], [19], [25].

Signal preprocessing is the major step toward improving the performance of
BCI systems through the reduction of these aforementioned artifacts and enhancement
of the signal quality. As research in this area keeps on expanding, BCI technology
offers the potential to alter human-computer interaction and create new paths for
medical applications and assistive technologies [4], [23], [26].

In the last years, Brain-Computer Interface technology, especially employing
electroencephalography (EEG) signals for motor imagery (M) activities, has been one
of the important fields of investigation.

In the recent years, there has been increasing interest in BCI technology,
especially in those based on motor imagery (MI) and electroencephalography (EEG).
The eventual goal of this technology aims at improving direct communication between
the cortex and external devices; hence it provides a wide range of applications for the
assistive technologies and rehabilitation field.

Current research concentrates on the development of deeper signal processing
techniques, studying innovative feature extraction methods, and applying more
advanced classification algorithms in order to substantially enhance the efficiency and
dependability of Ml-based BCI systems [5], [20].

The electroencephalogram (EEG) is a critical tool in the monitoring of cerebral
activity and behavior; however, the recorded signals usually contain artifacts that may
critically affect the analytical outcome. The sources of these artifacts may be ocular
movements, muscular activity, and electrical interference from external sources [6].

Electroencephalogram (EEG) plays a crucial function in recognizing brain
activity and behavior. But the recording electrical activity is always affected with
artifacts and then affects the analysis of EEG signals. So, it is vital to develop
algorithms to properly recognize and collect the clean EEG data while encephalogram
recordings. Several approaches have been presented to remove artifacts; however, the
study on artifact removal seems to remain an open problem [7], [24].

Despite significant progress, there is still an open issue with the artifact
elimination of the EEG signals. Researchers in that respect keep on developing new
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methods to improve both artifact detection and removal techniques' accuracy and
effectiveness [8]. The major developments of the ongoing research in the field are
creating automated, robust systems that should not only handle different artifact kinds
but also preserve in essence the underlying brain-activity signals.

2. MOTOR IMAGERY AS ABCI SOLUTION

Motor-related brain activity plays a crucial role in association with motor
imagery tasks as part of a significant paradigm in BCI research.

In this context, the paradigm of motor imagery is very important, considering
that numerous studies have shown that both motor execution and motor imagery are
closely related. A study shows that both motor imagining and the execution of walking
actions engage overlapping motor-cognitive activations [9], particularly in beta and
alpha strength variation patterns [9]. According to the Motor Simulation Theory, up to
a certain point, the neural mechanisms behind motor imagery and motor execution are
the same, at which point an inhibitory mechanism suppresses muscle activation and the
resulting movement between overt action and plan encoding [10]. In theory, this
presupposes that imagery practice has a form of control based on the simulation of
motor function, which shows significant implications for motor learning and
rehabilitation [11].

3. THE STUDY OF THE BETA WAVE

Electrical brain potentials can be captured by minimally invasive contact using
headset-type EEG devices. Using this method, the waveforms and differentiated
frequencies are measured while the brain activity of a region is associated with
simultaneous electrical activity. Taking into account the localization of specific regions
linked to motor imagery tasks, beta waves present a particular interest. Beta waves,
which present oscillations in frequency between 13 - 30 Hz, are produced in the
contralateral motor cortex but also in the somatosensory cortex [12], [13].

During concentration, beta wave activity is increased at the level of the frontal
and occipital lobes and lower at the level of the temporal lobe [14].

The beta waves present a typical amplitude between 5 - 20 pV and a waveform
as presented in Fig. 1.

Fig.1. Theta rhythm waveform [15]
4. PUSH MENTAL TASK - CASE STUDY
To implement the case study, we selected three healthy subjects who

participated in a mental command training scenario used as a control input for a BCI
video game developed by us previously. For the real-time measurement of brain
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waves, we used a neural headset equipped with 5 EEG channels with electrodes placed
in the key points of the brain as shown in Fig. 2.

TT LEFT RIGHT T§

TEMPORAL TEMPORAL

Fig. 2. Emotiv Insight headset - channel location

To train the mental task, each subject had to imagine a kinesthetic complex of
arm movement that formed the push task in the time interval between the moment of
pressing the training button of this command and the appearance of the pop-up window
confirming the training. The mental training scenario is presented in Fig. 3.

a)

7 N ~N 0\

b)

e = )/
Fig.3. Train push mental task - Mental Pool Game [16]

As shown in Fig. 3. a), the kinesthetic movement complex is composed of a
flexion movement of the elbow joint, followed by the same movement of the shoulder
joint and an extension of the elbow joint. The interface of the chosen BCI game, made
in Unity3D, on which each subject must focus for 9 seconds to memorize the trained
mental command, is shown in Fig. 3 b).
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5. EEG DATA ANALYSIS AND RESULTS

Each EEG dataset recorded through Emotiv Xavier TestBench software and
saved in CSV format was analyzed in an algorithm developed by us, integrated in the
MATLAB programming language, to determine the power spectral density distribution
(PSD) of beta brainwave. The algorithm description is presented in Fig.4.

i}l h]
Brainwave ] .
extraction PSD compuling

<) d)

Visualization of Computing the mean
[power spectrum power

Fig.4. Determination of PSD in beta wave specter

The third step, presented in Fig. 4 c), aims to create a graphical representation
of the beta power spectrum, representing the power in decibels (dB) reported to the
beta rhythm frequency as a limiting point on the x-axis to the imposed frequency
domain.

The fourth stage, illustrated in Fig. 4 d), calculates the average power in the
beta frequency band (13 - 30 Hz) for each EEG channel by averaging the PSD values
in this frequency range. The results obtained are stored in a table format included in a
CSV file.

The results of beta power spectrum estimation (a) and mean power calculation

(b) for subject S1 are shown in Fig. 5.
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Fig.5. Result of PSD estimation for push mental task - S1 subject case

This result shows, in the case of subject S1, significant temporal asymmetry
with stronger right temporal activation, while bilateral frontal activity and moderate
parietal activity indicate the right-hemisphere dominance in complex upper limb
movement imagery. The results obtained as a result of applying the same algorithm to
the EEG dataset related to subject S2 are shown in Fig. 6.
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Fig.6. Result of PSD estimation for push mental task - S2 subject case

As the estimation results are presented in the case of subject S2, it can be said
that this pattern shows overall higher activation levels compared to S1, particularly in
the temporal and frontal regions, while maintaining a similar distribution pattern of
right-hemisphere dominance.

The results of PSD estimation for the beta spectrum applied over the subject
S3 dataset are presented in Fig. 7.
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Fig.7. Result of PSD estimation for push mental task - S3 subject case

The beta power distribution during the mental push task for S3 shows
moderate temporal asymmetry with slightly higher right temporal activation, while
bilateral frontal activity and lower parietal activity demonstrate a more balanced
activation pattern, suggesting less pronounced right-hemisphere dominance in complex
upper limb movement imagery compared to S1 and S2.

6. CONCLUSIONS
The study of the activation of brain patterns on five EEG channels positioned
in key regions of the brain through the prism of signal processing, filtering in the field

of beta waves, power spectrum analysis, but also PSD calculation confirming the
reliability of this approach in detecting the motor intention.

352



SEBASTIAN DANIEL ROSCA, MONICA LEBA, DRAGOS PASCULESCU, LEON PANA,
FLORIN GABRIEL POPESCU

Also, the application of a training strategy based on kinesthetic motor imagery
can prove effective, as evidenced by the consistent beta power distribution patterns
across subjects. The neural mechanisms specific to complex motor planning and
execution simulation were observed from the temporal asymmetry in conjunction with
bilateral frontal activation and consistent parietal engagement.

Next, we propose to extend the study also to the intentional action of the
learned mental command to discover if comparable mental models are involved.
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INCREASING THE TRANSMISSION CAPACITY OF 220kV
LINE USING A STATIC SYNCHROUNOUS SERIES
COMPENSATOR

MARIA DANIELA STOCHITOIU?Y, ILIE UTU?

Abstract As the Romania grid's electrical utility industry develops and grows, many
changes, including more production stations, transmission lines, and loads are encountered A
Static Synchronous Series Compensator is a FACTS device. This paper is focusing on the
theoretical study of series compensation method using Static Synchronous Series Compensator
(SSSC) in Romanian Electricity Transmission network as national developing plane installation
in the 220 kV axis Urechesti — Targu Jiu Nord — Paroseni — Baru Mare — Hasdat.

Key words: congestions, energy transition, dynamic stability, compensation, power
system

1. INTRODUCTION

The availability of the power transmission network is available to anyone.
There are areas of the network where operating regimes that surpass the technical
transit limits on elements are regularly observed and leading to the emergence of
congestions that the Romanian Transmission System Operator (TSO) should handle,
including by redispatch measures, given the operating regimes resulting from
transactions on the wholesale electricity market. These redispatch strategies cause
market distortions while also increasing TSO operating expenses. These operational
issues can be resolved by Static Synchronous Series Compensator for transmission
lines compensation well as power oscillations dumping [13], [16], [19], [21].

Static power-electronic devices known as FACTS devices are installed in AC
transmission networks. Its use shunt or series compensation to increase the
controllability, dynamic stability, and power transfer capabilities of the networks.
Static synchronous series compensator (SSSC) is a FACTS device, that uses a voltage-
source converter (VSC), and it is coupled in series with the transmission line via a
coupling transformer [1], [3].

! Associate Prof. Eng., Ph.D. University of Petrosani, danielastochitoiu@upet.ro
2 Associate Prof. Eng., Ph.D. University of Petrosani, ilieutu@upet.ro
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The longitudinal static synchronous series compensator (SSSC) is a FACTS
device, the SSSC uses a voltage-source converter (VSC), and it is coupled in series
with the transmission line via a coupling transformer. In order to modify the flow of
both active and reactive power in the transmission line, the converter produces a
variable AC voltage source that is supplied to the series coupling transformer. Three
fundamental components of Static Synchronous Series Compensator are: Power
source; coupling transformer; voltage source converter (VSC). Two variants are
possible:

- the conventional SSSC, connected to the transmission line through a

transformer,

- SSSC device without the transformers, connected to the transmission line

through multilevel inverters [2], [15], [18].

The SSSC can be considered functionally as an ideal generator that can be
operated with a relatively small DC storage capacitor in a self-sufficient manner to
exchange reactive power with the AC system or, with an external DC power supply or
energy storage, to also exchange independently controllable active power, analogously
toa STATCOM [3], [14], [17], [20].

Its output is a series-injected voltage that models a controlled inductive or
capacitive reactance by leading or lagging the line current by 90°. The equivalent line
impedance can be changed, and the SSSC can improve the line's capacity for active
power transfer. Furthermore, the energy system can benefit from additional functions
and services offered by the highly controllable SSSC device.

wes - LEA 220KV
w—— LEA 400KV
LEA 750V
proposed
"""" LEA 400kV
e LEA 110KV
proposed
LEA 750kV
¢ 110kV Interconnection stations
with neighbour states
W 440kV/110kV
proposed transformer station
@ 220kV/110kV
propose transformer station

Fig.1. The national power system

The length of LEA between Tg.Jiu Nord power station and Paroseni power
station is about L = 38km and works at 220 kV, f = 50Hz. The specific parameters of
electrical line are: Inductivity lo = 1,3 mH/km; Capacity ¢o = 5 nF/km [4], [5].

This line is considered without losses, and in the middle, it could be installed an
SSSC. 1t is supposed that for a dephasing between the ends of line 6 = 30°. The
maximum transmitted power on the uncompensated line can be calculated followed the
next steps including the specify parameters [4], [6], [7]:
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e the phase constant
B = 0,016 rad/km (1)
o the transmission angle
@, =PxL=0,016x 38 =0,628 rad = 36° )

o the characteristic impedance

[, [13x1073
Zc= ﬁcﬂ = ’T:m—g =425 0 3)

e the nominal power

Uz 2202
Py =z 510
c

= 113,89 MW )

B.

Im =) :

Gen 1 COUPLING
TRANSFORMER

u\é
cin PL
2

ADDITIONAL
INDUCTANCE @y
p Lk

i 11

VvsC

SSsC
Fig.2. Static Synchronous Series Compensator structure

If U; represents the voltage in Tg Jiu Nord Power Station and U, represents the
voltage in Paroseni Power Station and U, = U, = U, SSSC injected reactive voltage
Usssc could be determine as:

ule : PL_, _ _Usssc
@—jzctaﬂ? I_—U_ > (5)
vlo . fL , _ Usssc
—sin% +jZc tan? I_m = % + = (6)
R
Ussse =1° 7 Ussse (7)

Im
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The current Iy, is diphased behind of U taking into account that the voltage
is increasing int the current direction. From the above equations result:

8
_ U_q-cosa E
gm - ( cos% ) lz (8)

. 8
3 U-smg Usssc g
I = oL T 7z ) |5 ©)
- chln? ZZCtan? 2

So, the active power circulation is obtained:

@
U? sin® U-Ugssccos—
P=UnIn=o——+ —r- (10)
Zrsingy 2-25.51?1,?

The current in the middle of the line in the case of compensation using
capacitors batteries is:

.. B
u sinz

T (1—k,, ) Zesin2L
( m C 2

(11)

Im

Where kn = 0,5 represents the compensation factor, so In=1,61 u.r.
On the other hand, using an SSSC, for an angle 6 = 30° the current (rel.9)
expressed in u.r in the middle of the line is:

. 8 . 8 . 30
Sin— Sin— SIn— i
In =—& +——& =—=% + — 5= (0,837+0,837)
Sin— Sin—

sin— 2tan—
F 2

The numerical result is based that the two parts are equal and the injected
voltage by SSSC is:

Usssc = 2x0,837xtan18° = 0,544 u.r.
Usssc = 0,544 x 220 = 108,86kV

u
Vsssc = E.:Issc =62,92kV

—

The resulted active power for a injected constant voltage for a constant reactive
power, expressed in u.r., is:

a
P = A-sinf + B-cosE (12)

1 1
Where A = —; =—- =1,7and

SINQy, sing
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Usssc 0,544

= . P = . @ — 0,88
2s5in— 2sin—

2 10

The maximum value of active power expressed in u.r. is it obtained from (rel.

12):
oP_ 0 —A-cosf - B-si o 0 13
5g 0 —A-cosd - Bsin = (13)

g
As cosf =1 —2sin? > obtain the next equation:
.8 8
A (1-2sin?—)-B-sin—=0
2 2

(7]
Being x = sin > the above equation becomes:
2AX*> +BX-A=0,— 2-1,7- X+ 0,88x-1,7=0

For the angle € (0-n) the variable x takes positive values, as for x > 0 it
obtains:
x=0,58 —0 = 72°
The maxim active power ( .13) for the above 0 is:

Pmax=1,7-0,95+0,88 - 0,8 =233 ur (14)
max = 2,33+ Pn=2,33-113,89 = 265,36 MW

The active power with SSSC for 6 = 0°, becomes P = B = 0,88 u.r, respectively
P = 0,88 Py = 100,20 MW. [8], [9]. In this situation the voltage in the middle of the
line has the same value as without SSSC device:

cos> cos0°
Un :—(5’1.:—35: 1,05 u.r. (15)

cos— CcOs
2 2

The voltages two the SSSC device limits are:

u 0,544
Uy =Unl0 -j% =1,05(0 - j=5— =1,09] -15° (16)
u 0,544
U, = Un |0 +j% =1,05]0 +j =1,09|15°

2

2. CONCLUSIONS

SSSC is used to improve the steady state stability of 220kV transmission lines
in this study, the effectiveness of SSSC is to enhance the voltage profile and reduction
of active and reactive losses, moreover, SSSC is working effective in increasing the
maximum power transfer limit of the system.
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CHARGING THROUGH ELECTRIC FIELD - THE
LIMITING ELECTRIC CHARGE OF PARTICLES IN
ELECTROSTATIC FILTERS

ANDREI CRISTIAN RADA!

Abstract: The technological process of electrostatic precipitators involves several
interconnected physical mechanisms. In practice, one of the main challenges is the removal of
the layer of collected particles from the collection surface, as cleaning methods can reintroduce
particles into the gas flow, thereby reducing collection efficiency. Other factors affecting the
performance of electrostatic precipitators include the uneven distribution of gas velocity, the
bypassing of electrified regions by particle-laden gas flows, and the re-entrainment of particles
during periods when the collected material is not being removed.

Key words: electrostatic filters, electric charge, Corona effect, particle separation.

1. INTRODUCTION

Charging particles with an electric charge is the fundamental step in the
electrostatic filtration process. Due to the significance of Coulomb's force, it is
desirable for particle charging to occur at a high potential. Although electric
precipitation is possible under conditions of bipolar charging, unipolar charging is far
more efficient and, therefore, more commonly used. Fundamentally, there is no
difference between positive and negative charging; both are equally effective for the
same applied potential.

In practice, however, the choice of polarity is determined by other factors. For
industrial filtration, negative polarity is preferred due to its greater stability and higher
voltage and current values. For air purification, positive polarity is favored because it
generates a smaller amount of ozone. In both cases, the primary criterion is to achieve
the highest possible number of charged particles.

In principle, particles in gases can become charged through various
mechanisms. In fact, uncharged particles are extremely rare and are considered
exceptions. For instance, natural fog carries a significant electric charge due to the
effects of cosmic radiation.

LPh.D., Lecturer Eng., University of Petrosani, radaandreicristian@gmail.com
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In many applications, the flue gas environment and the composition of fly ash
are such that the layer of collected particles limits the maximum usable voltage and
current.

Due to the inherent complexities of the electrostatic precipitator process and
the difficulty in justifying limits in practical applications, developing a fundamental
model that adequately describes the electrostatic deposition process remains a
formidable challenge [2].

To separate particles from a biphasic medium using an electrostatic
precipitator, the following operations are required:

- charging the particles in the biphasic medium with an electric charge;

- moving the dust particles toward the collection electrodes;

- depositing the particles onto the collection electrodes;

- removing the material from the collection electrodes for disposal outside the
electrostatic precipitator.

Each electrostatic filter consists of two main parts: the collection chamber,
through which the gas flow to be purified passes, and the electrical equipment that
supplies the chamber with high-voltage direct current. Inside the chamber are the
primary components of the system: the collection electrodes and the discharge
electrodes (Corona).

2. CORONA DISCHARGE IN DIRECT CURRENT

Corona discharge is an autonomous and incomplete discharge that occurs at a
certain potential difference applied to an electrode with a small curvature, forming a
limited zone around it known as the corona discharge layer.

The optical characteristic of the corona discharge layer is a pale bluish
luminescence, resulting from the recombination of ions accompanied by faint crackling
sounds.

The phenomenology of unipolar corona discharge in direct current depends on
the polarity of the applied voltage.

In the case of negative polarity, the corona discharge is characterized by the
following stages:

- weak current generation: lonization processes occur when the discharge is not
autonomous, and no luminescent phenomena are observed;

- appearance of Trichel pulses: These are characteristic pulses that indicate the
onset of a more defined discharge, with a higher rate of ionization;

- formation of a luminous corona around the emission electrode: A visible
bluish glow appears around the discharge electrode, marking the active corona region;

- development of streamers: These are elongated, branching structures that
form as a result of the corona discharge, which may eventually lead to a full
breakdown if conditions allow [2], [3], [6].

In the initial stage, near the electrode with a small curvature radius, electrons
appear either by detachment from a negative ion or through secondary emission.

As ionization processes intensify (see fig. 1), the electric field strengthens, and
positive charge accumulations begin to form in the region.
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Fig.1. The ionization process

In the dark zone immediately adjacent to the emission electrode, the processes
of ionization and excitation are slowed down.

As the electrons travel toward the anode, they lose some of their initial energy,
and the intensity of the field gradually decreases. Electrons attach to molecules,
leading to the formation of negative ions, characteristic of negative corona discharge.

After the dark zone, there follows a region of high concentration of positive
ions, which leads to the uniformization of the field and thus a reduction in its intensity.
The processes of ionization and excitation decrease to zero, and the Faraday dark zone
appears [5].

The initial intensity of the discharge electric field is determined by the
electrical conditions required for the onset of the corona discharge.

The threshold for the onset of corona discharge depends on several factors:

- the radius of the curvature of the electrode,

- the shape of the emission electrode,

- the shape of the collection electrode,

- the distance between the electrodes,

- the polarity of the emission electrode,

- the shape of the applied voltage wave on the emission electrode,

- the temperature of the medium,

- the pressure of the medium.

All of these factors cannot be captured by mathematical expressions to
determine the exact threshold for the onset of corona discharge.

F.W. Peek, generalizing the results, provided a formula for the initial intensity
required for the onset of corona discharge. The formula is typically expressed as:

Ei= A 5.(1+ %) [kv/em] (1)

For gases that have the same number of molecules per unit volume, the
product of the coefficients A and B is a known quantity. For a curvature radius of the
emission electrode ranging from 3,7 x 10 m to 11,6 x 10* m the coefficients have the
following values: A = 31,02 and B = 0,308.
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3. ELECTRIC CHARGING OF PARTICLES IN ELECTROSTATIC
FILTERS

Numerous experimental investigations have concluded that most particles
found in various natural suspensions or resulting from certain industrial processes carry
electric charges, with uncharged particles being extremely rare. For example,
measurements of the free electric charges on raindrops indicate that the average charge
ranges from 10 to 100 elementary charges per drop, depending on altitude and storm
intensity.

Laboratory studies have shown that in the case of fine particles in the air,
nearly all particles are charged (equally positive and negative), and the average charge
per particle increases with the particle's diameter. Similar investigations on other fine
particles have revealed significant electric charges on aerosols. The natural electric
charges occurring in industrial aerosols have also been extensively studied.

These measurements have shown that most industrial dispersions are charged,
with the charge typically distributed equally between positive and negative, making the
particle suspension electrically neutral as a whole. The average particle charge is small
but not negligible [5].

Specific charges of particles generated from furniture grinding processes were
found to be on the order of 10* elementary charges per gram, representing only 5%-
10% of the charge obtained through the corona effect in precipitators.

Industrial steam generally exhibits an even lower charge, often zero or close to
zero in most cases.

Despite the numerous possibilities for particle charging, only a few are
effective in air purification. Most methods produce ambipolar charging with a low
charge. As the number of charged particles increases, it becomes evident, for example,
that doubling the charge doubles the separation force, thereby reducing the size of the
precipitator required.

As a general principle, economic considerations dictate that particle charging
should be as high as possible. Theories and extensive experience have concluded that
high-potential unipolar corona discharge is by far the most effective method for
producing highly charged particles for air purification purposes.

Consequently, researchers have focused their attention on charging methods
that utilize the corona effect (or “cold plasma").

Particles present in a gas carry an electric charge accumulated due to frictional
phenomena (triboelectrification), thermal effects, or natural terrestrial radiation. The
magnitude of the electric charge accumulated by a particle depends on its intrinsic
properties (such as electrical resistivity and permittivity), as well as the electric field
existing in the given space.

However, these charges are typically too small for an externally applied
electric field to significantly alter the trajectories of these particles. Effective action of
an electric field requires the particles to carry as large an electric charge as possible.

As demonstrated in previous chapters, such an electric charge can only be
accumulated when particles pass through a region with an electric field sufficiently
intense to produce strong gas ionization.
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To explain the process of charging particles with electric charge, the following
considerations will focus exclusively on spherical particles [5].

An intense electric field causes all ions to move along the field lines, leading to
collisions between the particles and the ions. These collisions ultimately result in the
ionization of the particles: this is the mechanism of charging through an electric field.
For particles with diameters larger than 1 um, this charging mechanism is predominant.

In practice the field charging mechanism is predominant for particles with
diameters greater than 0,5 um. The diffusion charging mechanism predominates for
particles with diameters smaller than 0,2 um. For particles with diameters between 0,2
um and 0,5 pm, both processes are significant.

4. ELECTRIC FIELD CHARGING - LOAD LIMIT CHARGE
The mechanism by which a particle can become electrically charged will be

explained by illustrating how a certain number of ions accumulate on its surface, their
motion being driven by the action of an electric field.

LT

Fig.2. Electric field lines and equipotential lines for a conducting sphere in a uniform field

Fig.3. Electric field lines and equipotential lines for a partially charged conducting sphere in a
uniform electric field

Let us first consider a conductive particle in the shape of a sphere with a radius
a, carrying a negative electric charge of —q, and placed in an electric field (Fig. 4). The
goal is to identify the forces acting on a negative ion with charge —e, located at a point
A, such that OA = a(1+v), where v is a multiplication coefficient. Only the radial
component of each force will be considered, treating as positive those forces that tend
to push the ion away from the particle.
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The electric field E exerts a force F on the ion, given by the relation:
F,=—e-E [mN] (2)
and its component according to the OA direction:

F,=—e-E-cosé [mN] 3)

where 0 is the angle between Ox and OA.

Negative ion (-e) =

re
a .~ X
™ / . " -
S Oj ~. F| - force exerted by electric field £

7, - repulsive force due to the electric charge of the sphere
Particle (-q) F, 3 - the force given by the electric image of the ion

F, - force due to uneven load distribution on the sphere
Fig.4. The forces exerted on a negative ion in the proximity of an electrically charged particle

The negative electric charge of the sphere repels the negative ion with a force
given by Coulomb's law:

= __ 1 (&9 -
F, _4-7r-80 [a'(1+V)]2 r [mN] (4)

respectively:

1 e-q

- 4-7-¢, '[a-(1+v)]2 [mn] ®)

2

The electric image of the ion in relation to the sphere (particle) (Fig. 5) exerts
an attractive force on it, given by the expression:

1 R, -a a
F, = . Y ——|-e-(-e) [mN 6
e [ (-e) [mN] (6)

\

where Ry is given in (Fig. 5.).
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Fig.5. Define the geometric quantities needed to calculate the force created by the electric
image of the ion

The non-uniformity of the electric charge distribution on the surface of the
particle leads to the appearance of a force, whose radial component is given by the
relation:

_2-E-e-cos€
A+v)?

4

[mN] ()

The radial component of the total force acting on the particle, charged with the
electric charge obtained by the algebraic summation of the radial components of the
forces Fi.4, is given by the relation:

€
+ 2
4-7w-55-2

Fr =—E-e.cosf-|1+ 2 3
@+v)

[mN] €))
q e 2:(1+v)’-1

2 2 2
@+v)* 4.v (1+V)3‘(1+\2/j

If this component is negative, the ion moves closer to the considered spherical
particle. However, the total force Fr determines the movement of the ion only when the
distance between the ion and the particle is sufficiently small, thus only for low values
of v, which leads to the expression:

FT=—E-e-c056-[1+ ¢ [ q ¢ } [mN]  (9)

+ . —
(1+v)3} b4-w-gy-a% | A+V)?  4-V2

As observed in the previous relation, the total force Fr depends on the angle 6
between the direction of the electric field E and the direction of motion of the
considered ion. Let the charge of the particle be g. Under these conditions, the force F;
becomes zero when the angle ¢ has the value 6o, given by the relation:

C0390= 1 |: (1+V)3 :||: q € i| (10)

4orogg-E-a2 | @+v)2+2| | Q+v)? 4-v2
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For the intensity of the electric field E = 1800 V/m, the radius of the particle a
= 10 um, the elementary charge e = 1,6 x 10" C, and the particle's electric charge
equal to 10.000, 30.000, and 38.000 elementary charges, Pauthenier and Moreau-Hanot
plotted the points where the radial electric field cancels out and changes its sign (Fig.
6.).

Rej‘qcﬁiﬁ}
n=0 zoile -

n=number of ey s

clementary loads N= 7'69‘?0" f} " '7'38?,0-0'
e=16-10"°C el

Fig.6. The evolution of the repulsion zone in the vicinity of the particle for various

sizes of the electric charge load and E = 1800 V/m.

4l
IL--
AT .
l-*

If the electric charge of the particle is small, the interaction force between the
ion and the particle is negative (causing the ion to move closer to the considered
particle) regardless of the distance OA (value of v), which leads to an increase in the
charge accumulated on the surface of the sphere (particle). If the charge of the particle
g increases, costy increases (i.e., 6y decreases), so the repulsion zone closes around the
sphere (Fig. 6). Therefore, at a certain point, the particle will be completely surrounded
by a repulsion zone that the ions can only overcome if thermal agitation gives them
enough kinetic energy.

Thus, as long as the electric charge on the surface of a particle does not reach a
limiting value, certain negative ions in the vicinity of the particle, accelerated by the
electric field, can be attracted (accumulated) by it [1].

The equation Fr = 0 cannot be solved algebraically; however, in the region

2

e - .
where v << 1 and — o are negligible, the expressions for the force Fr and cos6o
a“®-v
can be written as:
e-q
Fr=-3-E-e-cos0+——— [mN] (11)
4-7-g,-a
cosf, = q (12)
b =

4-7-¢,-3-E-a°

The electric charge accumulated on the particle will reach a limiting value
q ps when 6, = 0, that is, when the ions can no longer reach the surface of the sphere.
In this case, the expression for the limiting electric charge can be written as:

q,° =4-7-5-(3E-a%) [C] (13)
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Defining the ratio:
q q
A= = 14
q,° 478 3E-a*) (14)

we obtain the following expression for Fr:

F =E-cosf-[y, +(A1-1)-y,]+ 22 [mN] (15)
a
‘3-(1+v)+2-cos6?

=€ 16
& cos@-(1+v)? (16)
3-e
_ 17
Y2 cos@- (1+V)* (17)
1 —-e
Y3 (18)

:4-72"80.4-V2

Pauthenier and Moreau-Hanot noted that the ion repulsion zone completely
surrounds the sphere when the value of the ratio A is 1.014, and it increases very
rapidly if A continues to grow. However, according to the definition, the ratio A cannot
exceed unity (the electric charge accumulated through this mechanism cannot exceed

the limit charge g ps). The net value exceeding unity of the ratio A can be explained by

the fact that this particle charging mechanism neglects the phenomenon of charge by
diffusion (the capture of ions that move due to the diffusion phenomenon).

Under these conditions, Pauthenier and Moreau-Hanot plotted the curve Fr(v)
for A = 1,014. The negative ion under consideration is subjected to a repulsive force in
a region with a width of 1 um, which is equivalent to 12 times the average mean path
of an ion in air. For this reason, the probability of an ion reaching the surface of the
sphere due to thermal agitation is very low [3], [4]. This leads to the conclusion that
the additional electric charge that can reach the particle's surface through this path is
negligible compared to the amount of charge already accumulated. To generalize this
result, Pauthenier and Moreau-Hanot calculated the values of the ratio A, creating a
repulsion zone of 1 pum for different particle sizes (see Table 1). In the table, it is
observed that the ratio A increases as the particle radius decreases. Pauthenier and
Guillien compared the calculated limit value of the electric charge with the measured
values, using large steel balls. The deviations between the experimental results and
those calculated with the equations:

F, =—3-E-e-c0s0+—— 1 [mN] (19)
4-m-¢y-a

q
cosf, = 20
" 4.7mg,-3-E-a° 20)

are 1-2%.
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Table 1. The values of A

a=3x10*mm =11

a=5x10"*mm /=1,04
a=10°mm 2 =1,014

a=2x10°mm A =1,0028

In the case where the particles have significant electrical resistivity (located in
the range of insulating materials), the expression for the limit of the accumulated
electric charge can no longer be calculated using relations 19 and 20 [3], [4].

02 F+le

0.1

0 v-afum]

-0.1

-0.2

-0.3

-0.4

-0.5

Fig.7. Curve of variation of the force Fe with v

Brigard finds the following calculation relation:

q,° ~4-7-5,-(p-E-a%) [C] 1)

where: p=1+2- & 1 = 3-4 , With &, the particle's electrical permittivity.
&+2) & +2

In the case where the dimensions of the particles are comparable to the mean
free path of ions in air Aair = 0,065 pm, Cochet proposes a calculation expression for
the limit of the electric charge, similar to the relation: qpS 475, -(p- E-az) where

only parameter p is changed:

s 2’aer ’ 2 gr_l 2
g, =4| 1+ | 4 : 7w-gy-(2-af -E [C] (22)
a 1+ﬂaer 8r+2

a

where: Aair is the mean free path of ions in the air, & is the relative permittivity
of the particle, and E is the electric field intensity.

Using the above relation, curves were created showing the variation of the
accumulated electric charge for different values of the electric field intensity,
depending on the particle diameters, at a temperature of 150°C (Fig. 8) (the
permittivity is conventionally considered: ¢ = 10) [3], [4].
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According to (Fig. 8), for an electric field intensity of E = 3 x 10° V/m, a
particle with a diameter of d, = 0,1 pm will accumulate 5 elementary electric charges,
while for dp = 9 pum, the number of accumulated elementary charges will be 10,000.

1.E+09

1.E+08 "J

12 e

1.E+05

=
1.E+04 i
1.E+03

=
[ ---E=1E+05
1 E+02 /{/

1.E+01 | // ~— E=5E+05
1.E+00 4 |

* L

0.01 0.1 1 10 100 1000
Particle diameter d,, [um]

Fig.8. The charging of particles with electric charge as a function of their diameter for different
values of electric field intensity.

qr(16-10"9C

From the previously presented information, it can be observed that thermal
agitation can only have a negligible influence on the value of the limit electric charge
accumulated by a particle with a radius around 1 pm, placed in an electric field.

The expression for the electric charge as a function of time is:

st
t+Tq

a=4d, [C] (23)

where: 7y is a time constant, called the characteristic charging time, which

depends on the density of negative ions and their mobility: 7, = where u and
H-ng-€
n; represents the density of negative ions.
0.8 - n
-07 > rd
£ 06 ol d g=1ms
g 05 v
€ 04 — — q=10ms
v o3 7 tq = 100 ms
01 e ad
0
1 10 100 1000 10000
t [ms]

Fig.9. The evolution of the process of charging particles with electric charge over time for
characteristic charging times of 1, 10, and 100 ms, using Cochet's relation

Using relation 22 for determining the limiting electric charge, in (Fig. 9) the

charge of the particles is shown for different values of the charging time zq. It can be
observed that for a particle characterized by a specific charging time of 7o = 1 ms, the
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charge accumulated after a time interval of t = 10 ms is approximately 10% of the
value q; (the charge that would be accumulated over a very long time interval,
identical to the limiting charge), while for a particle with 7z = 100 ms, the accumulated
charge will be 90% of the value q,.

4. CONCLUSIONS

The charging of particles by an electric field is a crucial process in the
operation of electrofilters, achieved by generating an intense electric field between
electrodes. The ions generated by corona discharge move toward the particles,
transferring their electric charge.

Particles have a limiting electric charge that can be reached during the
charging process. This limit is determined by the balance between electrostatic forces,
the dielectric resistance of the medium, and the electrostatic repulsion effects between
the already deposited ions and those in motion.

To maximize the efficiency of electrofilters, it is essential to adjust the
operating parameters to ensure that the particles reach the optimal electric charge
without exceeding the charging limit. This involves precise control of the electric field
and environmental conditions, as well as the proper selection of insulating materials.

In practice, achieving and maintaining the limiting electric charge may be
affected by the accumulation of deposits or degradation of insulating materials.
Ongoing research in the development of more durable materials and electric field
control technologies can help overcome these limitations, enhancing the durability and
efficiency of electrofilters.
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EVOLUTION OF ELECTRICITY PRODUCTION FROM
THERMOELECTRIC POWER PLANTS IN ROMANIA: AN
ECONOMETRIC APPROACH

NADIA ELENA STOICUTA!

Abstract: This paper analyzes the evolution over time of electricity production from
thermal power plants in Romania, by applying an ARMA (Auto Regressive Moving Average)
model. The study uses statistical data over a period of 32 years (1992-2023). The results
obtained show that time has a significant impact on electricity production from thermal power
plants, its negative value indicating that, as time increases, the value of the dependent variable
decreases. Also, the first-order moving average component has a significant impact on the
dependent variable, the positive value indicating that previous errors have a positive influence
on the current values of the time series.

Key words: electricity production, thermoelectric power plants, ARMA model.

1. INTRODUCTION

In the context of the global energy transition and efforts to reduce greenhouse
gas emissions, the analysis of electricity production from thermal power plants in
Romania becomes particularly relevant.

The European Union has implemented strict policies to reduce greenhouse gas
emissions, including by promoting the transition to renewable energy sources and
modernizing thermal power plants to make them more efficient and less polluting. In
the European Union, it represented approximately 36% of total electricity production
in 2022, a decrease of 3.1% compared to the previous year [3]. Germany and Poland
are among the EU member states that rely most on thermal power plants, using mainly
coal and natural gas for electricity production. In recent years, electricity production
from renewable sources has increased significantly in the EU, exceeding production
from all fossil sources combined for the first time in 2022 [4].

Romania has a diversified energy profile, with a mix of renewable and non-
renewable energy sources. Thermal energy production in Romania is influenced by the
available natural resources and national energy policies.

1 Ph.D., Lecturer Eng. Mat., University of Petrosani,, stoicuta_nadia@yahoo.com
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In Romania, thermal power plants play a crucial role in the national energy
mix, providing a significant part of the country's electricity needs. These plants use
fossil fuels, such as coal and natural gas, to generate heat, which is then converted into
electricity.

The production of electricity from thermal power plants is essential for
ensuring the stability and continuity of the electricity supply, especially during peak
consumption periods. It contributes significantly to Romania's energy security,
providing a reliable source of energy that can be quickly adjusted according to
demand.

In recent years, Romania has seen a significant increase in electricity
production from renewable sources, such as wind and solar energy, thus reducing
dependence on fossil fuels. However, thermal power plants remain an important
component of the energy mix, ensuring grid stability and the ability to respond quickly
to demand fluctuations.

In the context of the global energy transition and efforts to reduce greenhouse
gas emissions, the analysis of electricity production from thermal sources becomes
particularly relevant. Even though national and European policies promote the
transition to cleaner energy sources, thermal power plants continue to play an essential
role in ensuring energy security in the medium term.

In the literature, there are a number of recent studies on the analysis of
electricity production from power plants. A recent article that studies the theoretical
aspects of the different types of heating installations that can be implemented in
buildings, as well as information on the algorithms for calculating the heat demand for
heating and hot water preparation, according to current regulations, was reported by
Dinu and collaborators in the paper [1]. Also, Stoicuta analyzed the evolution of total
electricity production by categories of power plants in Romania over a period of 26
years (1992-2017), in the article [2]. This paper aims to perform an econometric
analysis of electricity production from thermal power plants in Romania, identifying
the determining factors.

2. ECONOMETRIC ANALYSIS OF ELECTRICITY PRODUCTION
FROM THERMAL POWER PLANTS IN ROMANIA

The production of electricity from thermal power plants in Romania plays a
significant role in the country's energy mix. Thermal power plants use fossil fuels, such
as coal, natural gas and fuel oil, to generate electricity.

These plants contribute to ensuring energy stability and security, having the
ability to produce energy constantly, regardless of weather conditions. Currently, in
Romania, there are seven thermoelectric power plants in operation, in Rovinari and
Turceni - Gorj and in Isalnita and Craiova - Dolj, in Bucharest (South and West), in
Paroseni - Hunedoara.
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2.1. Trend Analyses

The following figure shows the evolution over time of electricity production
from thermal power plants in Romania, between 1992 and 2023. The statistical data are
analyzed over a period of 32 years and are provided by the National Institute of
Statistics [5].
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Fig.1. Electricity production from thermoelectric power plants in Romania

Analyzing the above representation, we notice that the graph shows a general
downward trend in electricity production from thermal power plants over the analyzed
period. This indicates a reduction in dependence on thermal power plants or a
transition to other energy sources.

Around 1996, there is a sharp decline in production, followed by stabilization
at a lower level. This decline can be associated with changes in energy policy,
infrastructure modernization or the closure of old plants.Dupa 1998, graficul arata
fluctuatii semnificative, cu varfuri si minime. Aceste fluctuatii pot fi cauzate de variatii
sezoniere, cererea de energie, preturile combustibililor sau alte factori economici si
politici.

By 2022, electricity production from thermal power plants had fallen to around
20,000 million MWh, suggesting a significant reduction compared to the beginning of
the period under review.

The long-term downward trend may indicate a transition to cleaner and more
sustainable energy sources, such as wind, solar or nuclear power. Changes in energy
production may reflect national energy policies, infrastructure investments and
environmental regulations.

Fluctuations and declines in production can have an impact on local and
national economies, especially in regions dependent on the energy industry.
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2.2. Descriptive data and assessments

In 2022, the total installed capacity of thermal power plants in Romania was
approximately 32.4% of the total electricity generation capacity. In 2023, electricity
production from thermal power plants was 18,367 million MWh, down 14.8%
compared to the previous year. The benefits of thermal power plants are that they can
operate continuously and ensure constant energy production. They can also be used to
cover consumption peaks and stabilize the electricity grid. The major disadvantages of
this form of electricity production are high operating and maintenance costs, especially
in the context of rising fuel prices, and the burning of fossil fuels that generate
greenhouse gas emissions and air pollutants.

The following table presents the values of the main descriptive indicators of
electricity production.

Table 1. Descriptive indicators

Y
Mean 31892.25
Median 32148.50

Maximum 44209.00
Minimum 18367.00

Std. Dev. 6998.514
Skewness 0.022270
Kurtosis 2.217773

Jarque-Bera 0.818485
Probability 0.664153
Observations 32

The electricity production from thermal power plants during the analyzed
period is approximately 31892.25 million MWh, which suggests that, on average, the
annual production was around this value. As for the median, it represents the middle
value of the data, and it is observed that it is very close to the mean, which indicates a
relatively symmetrical distribution. The maximum represents the highest value of
electricity production during the analyzed period, which is 44209.00 million MWh,
and the minimum represents the lowest value of electricity production from thermal
power plants during the analyzed period, which is 18367.00 million MWh.

Standard deviation measures the dispersion of values from their mean. A
higher value indicates greater variability in electricity production. Skewness measures
the symmetry of the data distribution. A value of 0.022 indicates a nearly symmetrical
distribution, meaning that the data is not significantly skewed. Kurtosis measures the
"sharpness" of the data distribution. A value of 2.217 indicates a slightly flatter
distribution compared to a normal distribution (which has a kurtosis of 3).

The Jarque-Bera test is used to check whether the data follows a normal
distribution. A probability of 0.66, which is greater than 0.05, indicates that the data
follows a normal distribution.
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2.3. The econometric model

To perform the econometric analysis of electricity production from thermal
power plants, we will use the following notations:

To analyze the evolution of electricity production from thermal power plants in
Romania, we will use an ARMA (1,1) (Auto Regressive Moving Average) model
defined by the following expression:

Y, =c+dyY, , +08, , +€,1=1,32 1)

where Y :(yt),tzl,TZ represents the output variable and is given by the time series
of electricity production from thermal power plants. The unit of measurement used is
millions of MWh;

e ¢ the model constant;

e ¢, isthe first-order autoregressive coefficient;

e 0, isthe coefficient of the first-order moving average;

e ¢, isthe error at time t of the model.

Table 2 introduces both the coefficient values from the ARMA model and the
values of the statistics applied in the econometric modeling.

Table 2. Coefficients and values of statistical tests
Dependent Variable: Y | |
Method: ARMA Maximum Likelihood (OPG - BHHH)

Sample: 1992 2023

\Variable Coefficient |Std. Error  [t-Statistic  |Prob.

C 1325077. |340428.3  [3.892383  |0.0006
T -644.2080 [169.5736  |-3.798988  |0.0008
AR(1) 0.216210 |0.172102  [1.256290  |0.2198
MA(1) 0.634965 |0.192523  [3.298123  |0.0027
SIGMASQ 8.010774 [2652118.  [3.020519  |0.0055
R-squared 0.831169 Mean dependent var 31892.25

IAdjusted R-squared  |0.806157 S.D. dependent var 6998.514
S.E. of regression 3081.274 Akaike info criterion  (19.07234

Sum squared resid 2.56E+08 Schwarz criterion 19.30136
Log likelihood -300.1575 Hannan-Quinn criter.  [19.14825
F-statistic 33.23090 Durbin-Watson stat 1.956609
Prob(F-statistic) 0.000000

Inverted AR Roots 0.22

Inverted MA Roots -0.63

377



EVOLUTION OF ELECTRICITY PRODUCTION FROM THERMOELECTRIC POWER
PLANTS IN ROMANIA: AN ECONOMETRIC APPROACH

In the context of the ARMA model, SIGMASQ represents the residual
variance of the model. This is a measure of the variability of the residual errors of the
model. In other words, SIGMASQ indicates how much the observed values of the
dependent variable Y vary from the values estimated by the model. A lower value of
SIGMASQ indicates that the model fits the data better because the residual errors are
smaller. Conversely, a higher value suggests greater variability in the errors and
therefore a poorer fit of the model.

The following figure represents the real values and those adjusted by the
ARMA(1,1) model of electricity production from thermal power plants.
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Fig.2. Actual values (blue) and adjusted values (red) through the ARMA model

As can be seen, the two plots are close enough to say that the ARMA(1,1)
model performs well.

The stability of the ARMA model is essential to ensure that the long-term
predictions of the model are reliable and that the model does not produce explosive or
oscillating values. This is determined by the roots of the characteristic polynomials of
the autoregressive (AR) and moving average (MA) components (Figure 3).
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Fig.3. Inverse Roots of ARMA Polynomials

The impulse response shows how long the effect of a shock on the time series
lasts. In a stable model, the impact of a shock should diminish over time.
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Fig.4. Impulse response

The impulse response is useful for understanding the dynamics of a time series
and assessing the stability of the model. It can also be used to analyze the effects of
policies, external shocks, or other factors on the variable under analysis.

The following table presents the results of the autocorrelation and partial
autocorrelation analysis for a time series, along with the corresponding Q-statistics and
p-values.
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Table 3. Correlogram of residuals

Sample: 1992 2023 | ]
Included observations: 31
I/Autocorrelation Partial Correlation AC PAC |Q-Stat |Prob
S L 1 |0.038 [0.038 [0.0480 [0.827
ikl IV K| 2 |-0.353 -0.355 [4.4401 (0.109
KL | . | 3 |-0.085 -0.062 [4.7067 [0.195
S * .| 4 -0.027 |-0.169 [4.7351 (0.316
N L 5 (0.081 [0.039 (4.9932 (0.417
S KL 6 |-0.065 [-0.170 [5.1665 [0.523
| .| e 7 (0.010 [0.057 [5.1704 [0.639
* .| Naiel I 8 |-0.123 -0.260 [5.8406 |0.665
Naiel I Naiel I 9 |-0.207 -0.213 [7.8360 [0.551
F e 10 |0.138 |-0.037 [8.7684 |0.554
i F 11 |0.248 [0.095 [11.905 (0.371
e e 12 |0.038 |-0.001 (11.984 |0.447
Naiel I L 13 |-0.214 |-0.141 (14.594 |0.333
KL L 14 |-0.093 |-0.072 (15.109 [0.371
F F 15 |0.206 (0.094 [17.821 |0.272
F e 16 |0.095 [0.028 [18.434 |0.299

The analysis of autocorrelation and partial autocorrelation suggests that there is
no significant autocorrelation in the residuals of the time series at the analyzed lags, as
the p-values are greater than 0.05 for all lags. This indicates that the model used to
generate the time series is appropriate and there is no significant residual
autocorrelation.

3. RESULTS AND DISCUSSION

Analyzing the results obtained using the Eviews 10.1 program, we can draw the
following conclusions:

e The value of the constant is statistically significant (p < 0.05), which suggests
that it has a significant impact on the dependent variable. This represents the base
value of the time series when all other variables are zero.

e The coefficient for time is statistically significant (p < 0.05), which suggests that
time has a significant impact on the dependent variable. The negative value
indicates that as time increases, the value of the dependent variable decreases.

e The value of the AR(1) coefficient is not statistically significant (p > 0.05),
suggesting that there is no significant first-order autocorrelation in the data.
However, the positive value indicates a slight positive dependence between the
current and previous values of the time series.
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e The MA (1) coefficient is statistically significant (p < 0.05), which suggests that
the 1st order moving average component has a significant impact on the
dependent variable. The positive value indicates that past errors have a positive
influence on the current values of the time series.

e The value of the R-squared coefficient of determination suggests that
approximately 83.12% of the variation in the dependent variable is explained by
the model.

e The F statistic, which has a value of 33.23090, shows that the model is
statistically significant (p < 0.05), which suggests that at least one of the
coefficients is different from zero.

e The Durbin-Watson statistic, with a value of 1.956609, suggests that there is no
significant autocorrelation of the residuals.

e The values of the roots of the characteristic polynomials indicate the stability of
the ARMA model, since the roots lie inside the unit circle (i.e., the absolute
values of the roots are less than 1).

e In the graph in Figure 4, the impact of the shock diminishes over time, indicating
the stability of the model. On the other hand, the amplitude of the impulse
response indicates the magnitude of the shock’s effect on future values of the
time series. A large impulse response suggests that the shock has a significant
impact on the time series. The initial response is significant, but it stabilizes
quickly.

e The sign of the impulse response (positive or negative) indicates the direction in
which the shock affects the time series. In the impulse response graph, initial
fluctuations around zero suggest that the shock has a variable impact on the time
series.

To reduce dependence on fossil fuels, some thermal power plants have started
to use biomass and other alternative fuel sources. This can help reduce carbon
emissions and promote energy sustainability.

Thermal power plants can be integrated with renewable energy sources, such
as solar and wind power, to create a more balanced and sustainable energy mix. This
can help stabilize the electricity grid and reduce dependence on fossil fuels.

Investment in research and development is essential to improve the efficiency
and sustainability of thermal power plants. The development of new technologies and
processes can help reduce costs and minimize environmental impact.

4. CONCLUSIONS

Romania aims to reduce its dependence on fossil fuels and increase the share
of renewable sources in the energy mix. However, thermal power plants will continue
to play an important role in ensuring energy security in the short and medium term.

To reduce the impact on the environment, it is necessary to modernize existing
thermal power plants and implement more efficient and less polluting technologies.
For example, the use of combined steam-gas cycles can increase efficiency and reduce
emissions.
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In the long term, the transition to renewable energy sources is essential to
reduce dependence on fossil fuels and combat climate change. However, thermal
power plants will continue to play an important role in the energy mix in the medium
term.

Governments play a crucial role in promoting energy sustainability by
implementing strict policies and regulations on emissions and energy efficiency.
Financial incentives and subsidies can encourage the modernization of thermal power
plants and the transition to cleaner energy sources.

In conclusion, thermal power plants remain an essential component of the
energy mix both in Romania and globally, but the transition to cleaner and sustainable
energy sources is imperative to ensure a sustainable and environmentally friendly
energy future.
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DEVELOPMENT OF A BCI VIDEO GAME FOR MENTAL
STATE RECOGNITION

SEBASTIAN DANIEL ROSCA?, SIMONA RIUREAN?, GABRIELA
POPESCUS3, TEODORA LAZAR* FLORIN GABRIEL POPESCU®

Abstract: This paper explores the applications of BCI technology in video games,
ranging from medical to innovative gaming experiences. The research considers neurogaming
platforms combining BCI and EEG for real-time insight into the cognitive state of players.
Additionally, it investigates the use of EEG for emotion classification in gaming contexts. In
this paper we develop a video game based on BCI that studies the influence of alpha and beta
waves in installing the emotional state of happiness, together with normal state and relaxing
state. As a solution to capture EEG signals, we propose to use a neural headset with a single
detection electrode that was originally developed for an entertainment game, being augmented
with a development board for signal extraction.

Key words: BCI, EEG, low alpha waves, low beta waves, happy.

1. INTRODUCTION

BCls facilitate direct interaction between the human cortex and external
devices, enabling individuals to control technology through thought. This technology is
particularly beneficial for persons with severe motor impairments, such as those caused
by diseases such as spinal cord injury or amyotrophic lateral sclerosis (ALS).

BCIs generally capture brain  signals using methods like
electroencephalography, which analyzes brain's electrical activity via electrodes placed
on the surface of the scalp. Ensuring accurate signal acquisition and processing
remains a significant hurdle due to noise and artifacts in the data.

Brain-Computer Interface (BCI) technology has made significant strides in its
application to video games over the years, offering innovative ways for players to
interact with virtual environments using their thoughts.
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We present a brief history of BCI's integration into gaming. In the early stages,
BCI technology was primarily focused on medical applications and research. However,
as the technology advanced, researchers and developers began to explore its potential
in the gaming industry. The use of BCI in gaming started to gain traction in the early
2000s. Researchers began experimenting with EEG-based systems to control simple
game elements, laying the groundwork for more complex applications [1].

The development of consumer-grade EEG headsets, such as the Emotiv
EPOC+, played a crucial role in making BCI technology more accessible to game
developers and players [2]. These devices allowed for easier integration of brain
signals in gaming experiences.

As BCI technology improved, it found applications in serious games designed
for training and rehabilitation purposes. For example, in 2019, the serious game
PROEZA was developed to train users in controlling a hand prosthesis using BCI. This
game integrated EEG signals captured by an Emotiv Epoc+ headband with the Unity
game engine [3]. Researchers have also explored using BCl-enabled video games to
enhance cognitive skills like attention and concentration. Studies have shown that
mental training through BCI applications can improve these abilities over time [2].

In recent years, BCI technology in gaming has seen further advancements: the
development of more sophisticated algorithms and machine learning techniques has
improved the accuracy and responsiveness of BCI systems in gaming contexts; there's
been an increased focus on creating immersive gaming experiences that incorporate
BCI technology, enabling players to control game elements with their thoughts more
seamlessly [4]. The combination of BCI with augmented reality and virtual reality
technologies provide new opportunities for creative gaming experiences [5].

As BCI technology continues to evolve, its potential in gaming is expanding.
Researchers are exploring ways to use BCI for enhancing player engagement and
immersion in games, creating adaptive gameplay experiences based on a player's
cognitive state, and developing new genres of games that are specifically designed
around BCl interaction.

While BCI in gaming is still a developing field, it has enormous potential for
altering how we interact with video games in the future [1].

2. Neurogaming platforms

Neurogaming platforms combine Brain-Computer Interfaces and EEG with
video games, enabling the examination of the cognitive state of players in real time by
linking brain activity with game actions. Brain-Computer Interface EEG data during
gaming provide a continuous objective measurement of the player's cognitive state
without interrupting gameplay and offer deeper insights into gaming experiences.
While it is common to use this approach for assessing task engagement and arousal, a
standard method has not been brought into being yet [6].

A study conducted by McMahan, Parsons, and Parberry demonstrated the
effectiveness of EEG in assessing cognitive workload during video game play. The
researchers used an off-the-shelf EEG device, the Emotiv EPOC headset, to analyze
brain activity during different gaming [7].
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Dehais et al. proposed a neuroergonomics framework that maps undesirable
neurocognitive states within a two-dimensional space of task engagement and arousal,
which can be applied to understanding gaming performance. The framework identifies
specific mental states like mind wandering and effort withdrawal, which could be used
to analyze how game elements influence players' cognitive states and performance [8].

A recent study evaluated cognitive attention levels of subjects using EEG data
while they played three distinct genres of VR video games: Exergames, Challenging
Puzzlers, and Casual Games [9]. The researchers studied the brain's activity in the
alpha band, comparing IAF - individual alpha frequency and PSD - power spectral
density values to detect changes indicating concentration states. Additionally, they
examined FAA - frontal alpha asymmetry from the left and the right brain hemispheres

[9].

EEG-based neurogaming platforms have shown potential in detecting
cognitive decline. A study using a single-channel EEG system with an interactive
assessment tool demonstrated the potential for extracting cognitive decline biomarkers
in seniors at various clinical phases of cognitive impairment [10]. This approach could
potentially aid in an early diagnosis of conditions like Alzheimer's disease.

3. EEG FOR ESTABLISHING HUMAN EMOTION

Combining features from the EEG dataset obtained from both time-domain,
frequency-domain, and time-frequency analysis using the Discrete Wavelet Transform
(DWT) through a hybrid domain can affect the decision-making process of emotion
classification. The emotions in the EEG data set are often divided into four types based
on model arousal-valences: those with positive valences with high arousal represented
as happy and relaxed, and those with negative valences with low arousal represented
by bored and stressed [11], [12], [13].

Most neurophysiological studies correlate emotional activity with the structure
of the amygdala as part of the temporal lobe but also with the frontal lobe. Also, happy
emotion phenomena can be correlated with brainwave power distribution estimation in
the Alpha and Beta bands [14], [15].

An increased presence of low alpha waves (8-10 Hz) located in the frontal lobe
may be closely aligned with the state of relaxation induced by mindfulness-based
meditation, while increases in beta power together with increased lower alpha reflect
networks involved in specific feelings and thoughts related to compassion and
gratitude [16], [17].

4. APPROACHED METHOD TO MEASURING EEG SIGNAL

To measure the user's EEG signals, we chose a MindFlex neural headset
equipped with a dry metallic detection electrode placed on the forehead at the location
of the frontal pole of the brain (FP1) and two reference electrodes placed on the
earlobes.

We choose this solution because it offers an inbox circuit-level processing in
addition to amplification and digitization. This approach allows data processing based
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on Fast Fourier Transform (FFT) to generate power values in the spectrum of different
brain wave patterns. This headset transmits the ThinkGear Data Values encapsulated in
ThinkGear packets, represented as a sequential stream of bytes. In addition to signal
strength values, it can transmit values related to the level of attention and meditation
but also to all major frequency bands of the brain [18].

To be able to extract the signals directly from the MindFlex headset circuit
data flow via a USB port, we implemented a hardware connection based on the
Arduino nano V3 development board, as presented in Fig. 1.

Fig.1. Hardware diagram Arduino Nano VV3-Neurosky TGAM1 board

As shown in Fig. 1, we connected the Rx receiver pin of the Arduino to the T
transmitter pin of the MindFlex board to enable the UART (Universal Asynchronous
Receiver-Transmitter) hardware serial communication protocol between the boards.

The result of MindFlex neural headset integration with the development board
is presented in Fig. 2.

Fig.2. MindFlex neural headsets after hardware upgrades

Next, we implemented a code in the Arduino Integrated Development
Environment (IDE) that uses the <Brain.h> library
(https://github.com/kitschpatrol/Brain), available by the General Public License
(GNU), for parsing the data. We aimed to obtain processed data every second at the
Neurosky TGAML chip baud rate, related to signal EEG quality, attention, low alpha
waves that it associated with relaxation and meditation, and low beta waves that it
associated with active thinking and focus. Each data point is then transmitted over the
serial interface in CSV (Comma-Separated Values) format to be used as input to
trigger a specific action in a BCI video game.
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5. THE IMPLEMENTATION OF BCI VIDEO GAME

To be able to decode the user's emotional state, we developed a BCl-based
video game based on a five-step algorithm, presented in Fig. 3, which we implemented
in the Java-based Processing high-level programming language through the open-
source sketchbook software, Processing 4.

a) b)
[ BCI game engine > ficain st.ate
] | processing I |
c)+ L))
[ Stage »| Visual feedback ]—l
progression ) L

0

Final animation

Fig.3. The implementation of emotional state decoding BCI video-game

The first step has the role of implementing the game variables that manage the
number of stages set to three, to the current stage, but also the target brain state tracked
from three target states that are chosen pseudorandomly. It also sets a series of timers,
both to measure the user's performance and to trigger the closed or open state of a
padlock animation generated as a reward based on the state reached by the user.

The second step aims to update the user's brain state in the category of normal
state or emotion, such as relaxed or happy, by comparing the low alpha and low beta
wave values obtained from the processed data as a result of reading the brain signals
received from the Arduino board through the serial port. This classification is obtained
by comparing the read values with a set of predefined minimum and maximum
thresholds proposed by Hadi et al. in the domain of the tracked brain waves, presented
in Table 1.

Table. 1. The threshold value for low alpha and low beta waves [19]

Mental condition o (Min— Max) B (Min — Max)
Normal 11000 — 150000 13000 — 150000
Happy 50000 — 150000 150000 — 300000

Relax 150000 — 260000 150000 — 250000

The third step verifies each step's completion by marking the current state as
successful if it matches a target of 2 seconds in which the user focused and maintained
the set emotion or normal state as appropriate. At the same time, it imposes a time limit
of sixty seconds within which the imposed state must be reached; otherwise, the stage
is counted as a failure. In case of success, a countdown is initialized, which will be
displayed in the form of a numerical animation, marking a three-second countdown
between stages. The implementation of the third step with open padlock state
animation is presented in Fig. 4.
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Stage: 1/3
Target State: happy
Current State: happy

Time maintained: 5.0s

N

Fig.4 The first stage of BCl game with happy state recognition

Time:42.2s

The fourth step implements a series of animations to improve the user's
perception of game dynamics offered as a reward to the action performed from
rendering a closed padlock shown in Fig. 5. a), marked by a green pulsating indicator
whose intensity is marked by the power developed by the user feeling experience. At
the same time, a render of an open padlock, shown in Fig. 5. b), may or may not be
marked by the pulsating indicator, depending on the presence or absence of
maintaining the emotion, but it is certainly marked by the numerical animation of the

three-second countdown.
a) b)
A,
? ®

Fig.5 The interstage animation of paddlock

The last step represents the completion of all stages and aims to display an
animation of total stars accumulated by the user as a result of accomplishing the
imposed state. Along with the number of accumulated stars, represented between two
and five, each user is being rewarded with one star for fulfilling the condition of the
stage, displaying the related message, the completion times, and the achieved states for
each stage. The final scene result of the BCI video game is presented in Fig. 6.

Congratulations!

NNNNNE

You earned 5 stars!
Stage 1: normal completed in: 15.65
Stage 2: happy completed in: 5.0s
Stage 3: relax completed in: 3.0s

Fig.6 The final scene of BCI video game
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6. CONCLUSIONS

BCI technology in gaming aims to change the way players engage, the mode
of interaction based on immersive experiences, with the role of unlocking experiences
between cognitive health and emotional well-being.

Through this study we found that the analysis of low alpha and low beta waves
obtained as a result of preprocessing EEG signals at the circuit level by the MindFlex
neural headset produces optimal results in the detection of the emotional state of
happiness. This is influenced by the user's imagined experiences and produces better
results in the case of imagining a scenario in which he associates the emotion with
seeing a close person again, as shown in Fig. 4 reported to the time of maintaining the
state. Also, we found that relaxation can be improved when the user was focused on his
breath and maintained a defocused eye gaze.

Further, we want to extend the study to the gamma waves in the frontal lobe,
as it is known this phenomenon can produce a decrease in the power spectrum related
to responses to videos that evoke happiness.
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DIRECT ROTOR FLUX-ORIENTED CONTROL OF
INDUCTION MOTORS USING HYSTERESIS CURRENT
CONTROLLERS AND VSI INVERTER
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STOICUTAS3

Abstract: This article details the modeling and simulation of a direct rotor flux-
oriented vector control system, incorporating hysteresis current controllers and a voltage source
inverter (VSI). The simulations is conducted using Matlab-Simulink. The numerical analysis
investigates the effects of sampling time on the discretization of speed, rotor flux, and
electromagnetic torque controllers, as well as on the rotor flux observer.

Key words: rotor flux-oriented control, induction machines, simulation.

1. INTRODUCTION

Direct Rotor Flux-Oriented Control (DRFOC) is an advanced and effective
technique for optimizing the performance of induction motors, widely used in
industrial applications.

This method allows for the decoupling and independent control of the rotor
flux and electromagnetic torque of the induction motor, similar to DC motors, thus
facilitating precise and rapid control of these variables [1], [4], [5], [11].

The integration of hysteresis current controllers and a voltage source inverter
(VSI) within the DRFOC system brings significant benefits in terms of stability and
dynamic response of the induction motor [2].

Considering these aforementioned advantages, this article aims to elucidate,
through numerical simulation in Matlab-Simulink, the impact of sampling time and
discretization methods used in the controllers and the rotor flux observer on the
dynamic performance of the DRFOC system, thus providing valuable insights for the
improvement and optimization of industrial applications of induction motors.

1 Ph.D., Assoc. Prof. Eng., University of Petrosani, stoicuta_olimpiu@yahoo.com
2Ph.D., Lecturer Eng., University of Petrosani,, sirb_vali@yahoo.com
3 Ph.D., Lecturer Eng. Mat., University of Petrosani,, stoicuta_nadia@yahoo.com
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2. THE VECTORIAL CONTROL SYSTEM

The vector control system discussed in this article is a direct rotor flux-
oriented system, which includes hysteresis current regulators and a voltage source
inverter (VSI). The block diagram of the vector control system is presented in Figure 1.

OESERVER [is]‘@ . bl L

Fig.1. The vectorial control system

In Fig.1 the following notations were used: CSF - is the frequency static
converter; M - is induction motor; PI-W, Pl1_M,, Pl_W¥ — are speed, torque and rotor
flux automatic controllers; C_H — are hysteresis current controllers; Cgr - is the
feedforward component of the 2DOF speed controller; AF - is the flux analyzer; C1M.
- is torque calculation block; T1 - are current transducers; Tw - is speed transducer; TS
- is the direct and inverse Clarke transformation; TA - is the direct and inverse Park
transformation [8], [9].

The main blocks in Fig. 1 are defined by the following mathematical models:

e The induction motor model (M). This model is defined by the following
mathematical relations:

Igs a, O A, L, o Igs b, O

E iqs _ 0 a, —ay- Zp " @, Ay, ) iqs + 0 b11 ) Uy, (1)
dt Var ay 0 A3 _Zp 2 Var 0 0 uqs
l//qr 0 a31 Zp ’ a)r a33 (//qr 0 0
J-%zTM T, -F-0,-T, 2)

where:

ayy 0 a3 C Zp " @, b11 0

0 a, —a,72, 0 g 0 b . )
A = P r ) B = ! T = K . - *

0 ay Z, Ay 0 O
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Lo R, R, L, -L, 2 "L

In previous relationships, the following notations were used: Rs, R — stator and
rotor resistances; Ls, Ly — stator and rotor self-inductances; L — mutual inductance; Ts,
T, — stator and rotor time-constants; ¢ — leakage coefficient; z, — number of pole pairs;
J — moment of inertia of the rotor; F — friction coefficient; Kr — torque constant; Tw —
instantaneous electromagnetic torque of the motor; Tr — static friction torque; F — the
coefficient of viscous friction; T, — load torque; «, — mechanical angular speed of the

rotor; i, =iy + J-i; — space vector of the stator current; y =, +j-y, — space

vector of the rotor flux; u, =u, + j-u, —space vector of the stator voltage; j= J-1.

The mathematical model of the induction motor is written in a stationary
reference frame fixed to the stator (d-q).

Relations (1) and (2), after discretization using the trapezoidal robust method,
become [10]:

_idsl:(k+1)-Te]_ i [k-T.]
i [ (k+1)-T, ] i, [T, ] 5 {uds[k-Te]}

3)

v [0+ T ]| v e |75 g [k,

_l//qr[(k—i-l)'Te]_ '//qr[k'Te]

-1 =l
where: AJ:(U_Ak'TEej '(|4+Ak'%j; Bd:(|4_A¢<'TEej 'Te'B;

N(r)—TM (1') Te (T)—F a)r(r)—TL(T),

a, 0 a, a14'Zp 2 [k Te]

- 0 a, —a, Zp'a)r[k Te] a;
A o, [k-T
3 0 83 Z, a),[ e]
0 a, z, o [k-T,] a,

In order to obtain relation (3), it was assumed that: u, [k-T,]=ug[ (k+1)-T, |

and U [k-T,]=uy]| (k +1)-Te:|; when the sampling time (T¢) has a very small value.

The T. denotes the sampling time used in the discretization of the mathematical model
of the induction motor.
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e The flux analyzer (AF). This block is defined by the following relations:

vl T ] = i ke T+ [k T,]
sn(ifer el Tl o Yelk T )
(4 [k Rt (TP

e The torque calculation block (CiM.). The C:Me block is defined by the
following equations:

. 3
v [k )i [T, Ka:E-zp-Lir ©)

e The direct and inverse Clarke transformation (TS). These blocks are defined
by the following equations:
o The direct Clarke transformation (TS [A])

ids[k 'Tn]: ia [k 'Tn]'iso[k 'Tn]

s K -Tn]z%'(ib[k T ]-i [k 'T"])

Me[k-Tn]:Ka-

()

where:

iso[k-Tn]=%-(ia[k-Tn]+ib[k-Tn]+ic[k-Tn]) [k T ] == (i, [k T, ]+, [k T, ).
o The invers Clarke transformation (TS [A]™)

i;[k ’Tn]z i;s [k 'Tn]

R AT N (AT U S I
i:[k-Tn]:—%-i;s[k~Tn]—§-i;[k-Tn]

In the previous relations, i, i, and i, are the three-phase components of the
stator current (stator line currents); iy, is the homopolar component of the spatial
phasor of the stator current; i,

a )
command stator current.
On the other hand, i, and i, are the d-q components of the space vector of the

i, and i, are the three-phase components of the

stator current, and i, i;s are the d-qg command components of the space vector of the

stator current.
e The direct and inverse Park transformation (TA). These blocks are defined
by the following equations:
o The direct Park transformation (TA D[4])

{idsa,[k-Tn]}: D[/lr[k.Tn]].{ids[k'T”]} C))

iqsir[k'Tn] iQS[k'Tn]
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o The inverse Park transformation (TA D[-A])
i [k- i, [K-T
{fs{s[k T“]}:D[—ﬂr[k-n]]-fi%[ ”]} (10)
i [T, ] i [K-T, ]
where:

[D(ﬂ’r [k 'Tn])] z{ cos(/lr [k .Tn]) sin(/ir [k .Tn])]

—sin(4,[k-T,]) cos(4[k-T,])

e The rotor flux controller (P1_%). The transfer function, in the Z-domain, of
this controller is [6], [7]:

Iy, (2) 1T, z+1
G, (z)= K, |14 .n. 272 11
/(2) &(2) ”’{+TW 2 2—1] D
where gl[k-Tn]zl//:[k-Tn]—|l//r[k-Tn]|

K =L*; T, =T, Tr=i (12)
o2, T, 7 R
and T,; isaimposed constant time.
e The torque controller (P1_Me.). In this case, the transfer function, in the Z-
domain, of this controller is [6], [7]:

i, (2) 1 T z+1
G =&\ ko |]y—.n 27— 13
v (2) &(z) " (+TM 2 Z—J 13)
where &lk-T,]=M[k-T,]-M,[k-T,]
T, .
K,=—-9 : T =T 14
M Ka-lr//: ~Td*2 M dl ( )

and T, is aimposed time constant (T, >T;, ).

e The speed 2DOF controller (P1_W + Cgg). In order to better control the speed
response of the vector control system, a 2DOF speed controller is used (2DOF
~ Two-Degrees-of-Freedom Controller) [3]. The reference electromagnetic
torque of the induction motor, in the case of using the Z-transform, is:

M, (2)=Cx (2)-@; (z)+ M, (z) (15)
where M; (2)=G,(z)-&/(z)
In relation (15), Cge is the feed forward component of the 2DOF controller,
and G,, is a PI speed controller (PI - proportional-integral controller).

The feed forward component of the 2DOF controller is defined by the
following relationship
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Z_
——+ta,

@ 2
(%)
Ger (Z):i—l (16)
T, z+1
where: @, is the bandwidth of the vector control system (o, =T£, T - is the imposed

time constant of the vector control system).
On the other hand, the transfer function of the PI speed controller (PI_W) is:

Gw(z)=M1(2)=Kw- 1.1 Ty 2+l 7
&(2) T 2 7.1
where gs[k'Tn]:w:[k'Tn]_a)r[k'Tﬂ]
T -(1+ 2 T* 1+ 2 v
CTee) T T 1 g
2-K, T, (1+p) Ty F F

All the previously presented controllers have been discretized using the
trapezoidal method.
e The hysteresis current controllers (C_H). In this case, the PWM (Pulse-width
modulation) pulses for the VSI inverter are generated using the following
relationships:

0 if &[kT,]<-A,
S,[k-T,]= 1if g [k-T,]24A, ;.94[k.Tn]zi;[k.Tn]—ia[k-Tn] (19)
S[(k=2)T] it ek T]<a,

0 if &fk-T,]<-A,
s, [k-T,]= 1 if g [k-T,]24A, e [k-T,] =i [k-T,]-i, [k-T,] (20)
S[(-)T] i ek ]<a,

0 if &lk-T,]<-A,

S,[k-T,]= 1if glk-T,]2A, L& [k-T,]=ic [k-T,]-i.[k-T,] (21)
S[(k=1)-T,] if |g[k-T,]<4,

where A, is the hysteresis band of the current controllers.

e The rotor flux observer. This observer uses as inputs the rotor speed as well as
the d-g components of the stator currents of the induction motor. This observer
is defined by the following mathematical relations:

J y i
d '/fdr _E. ‘/:dr +H.| o 22)
dt Yar Yar Igs

where

396



DIRECT ROTOR FLUX-ORIENTED CONTROL OF INDUCTION MOTORS USING
HYSTERESIS CURRENT CONTROLLERS AND VSI INVERTER

1 L
T Zp T_m 0
Fo| H=| " (23)
1 L,
Ip o 0 -—m
T, T,
The discrete model of the rotor flux observer (22) is given by the following
relation
Wdr[(k+l)'Tn] _E ‘/er[k'Tn] H ids[k'Tn] 24
; T e [Tl | g [k T (24)
Yar [(k+1)'Tn] V/qf[ n as n
where:
Fa=Y &0 Hy=) K. 25
d EO TR EO (i+1)! (@)
1
= -2, - o [k-Tp]
R = r (26)
1
Zp-a)r[k-Tn] —T—

r

The previous relationships are obtained based on the ZOH (Zero Order Hold)
discretization method. For the purpose of discretization, the matrices Fq and Hq are
truncated (terms for which the sampling time (T.) has an order greater than three are
neglected).

In the previous relationships, T, is the sampling time used in the discretization
of the relationships that define the control algorithm for the vector control system of
the induction motor.

3. THE SIMULATIONS RESULTS

In order to highlight the effects of sampling time on the dynamic performance
of the vector control system, we will use a 3kW induction motor with the electrical and
dynamic parameters presented in Table 1.

In numerical simulation tests, the sampling times used are:

o Casel: T,=20[us|; T, =1 us];
o Case2: T, =100[us]; To =1[ us].

Table 1. The electrical and mechanical parameters of the induction motor [2]

Name Value Name Value
Rs Stator resistance 2.0975[Q] | J Motor inertia 0.1[kg-m?]
Ry Rotor resistance 2.0625[Q] | F | Friction coefficient | 0.04[N-m-s/rad]
Ls Stator inductance 0.1202 [H] | nn Rated speed 705 [rpm]
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) Number of pole
Ly Rotor inductance 0.1263[H] | z ) 4
pairs
Lm Mutual inductance 0.1158 [H] | fn Rated frequency 50 [Hz]
Un Rated voltage 380 [V] Mn Rated torque 40 [N-m]

In the case of both tests conducted through simulation, it is assumed that the
induction motor operates in load, with a load torque equal to its rated torque. On the
other hand, in the simulations the hysteresis band of the current controllers is

A, =1/12[ A] and bandwidth of the vector control system is ¢, =100[rad /s]. In order
to tune the controllers, the following time constants were used: T, =1[ms];
Ty =7.5[ms].

The simulation results are presented in the following figures.
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0 5 10 15 [ 20 25 30
701t -698.5}
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700t
-699.5}
699 SN I AN SO S
608t 7005} V
701
6 61 62 63 64 65 66 67 21 212 214 216 218 22

Fig.2. The time variation of the induction motor speed ~ Case 1

From Fig. 2, it can be observed that the speed of the induction motor stabilizes
rapidly, indicating good dynamic performance of the vector control system when using
a sampling time of 20 [ps].
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Fig.3. The time variation of the induction motor speed ~ Case 2

On the other hand, from Fig. 3, it can be observed that the speed of the
induction motor exhibits larger oscillations and slower stabilization compared to Case
1, suggesting poorer dynamic performance due to the larger sampling time.
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Fig.4. The rotor flux space vector - absolute value ~ Case 1
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From Fig. 4 and Fig. 5, it can be observed that the absolute value of the spatial
vector of the rotor flux of the induction motor is considerably more stable and constant
in Case 1, compared to Case 2, where more pronounced variations and reduced
stability are manifested. These observations suggest a significant negative influence of

a larger sampling time on the performance of the vector control system.
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Fig.6. The stator current space vector - absolute value ~ Case 1
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Fig.7. The stator current space vector - absolute value ~ Case 2

Analyzing Fig. 6 and Fig. 7, it is found that in Case 1, the absolute value of the
spatial vector of the stator current has much smaller fluctuations and much better
stability compared to Case 2.

4. CONCLUSIONS

Direct Rotor Flux Oriented Control (DRFOC) significantly improves the
dynamic performance of induction motors, ensuring precise control of flux and
electromagnetic torque. Simulations have shown that a smaller sampling time (20 [us])
provides superior stability and performance compared to a larger sampling time (100

[us]).

The detailed mathematical models presented in this article, along with the
results obtained from Matlab-Simulink simulations, provide valuable support for
experts in the field of induction motor control.

The research presented in this article can be extended in the future to optimize
the selection of sampling time and control strategy, so that the efficiency and reliability
of the induction motor control system are significantly improved. Additionally, the
integration of emerging technologies, such as machine learning and artificial
intelligence, can facilitate the development of advanced control and predictive
maintenance methods for these motors.
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