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USING NI-USB DATA AQUISITION SYSTEMS TO STUDY
THE CONNECTING OF INDUCTIVE LOADS,
IN MATLAB MEDIUM

TITU NICULESCU?, FLORIN GABRIEL POPESCU?,
MARIUS DANIEL MARCU?®, RAZVAN SLUSARIUC*

Abstract: The paper presents a new and modern method to study the transient
phenomena that occurs when connecting the reactive charges to an AC power source, using the
MATLAB-SIMULINK software package. It is known that NI-USB data acquisition systems
manufactured by National Instruments are not recognized by the Simulink software package in
64-bit systems. That is why a 32-bit system is obligatory. From this point of view, the article
presents a method by which this disadvantage is eliminated, making the data acquisition process
possible in Simulink software package.

Keywords: Capacitive circuit, Data acquisition, Diagrams, Electrical diagram, MATLAB -
Simulink, NI-USB

1. INTRODUCTION

Data acquisition systems of the NI-USB type, manufactured by National
Instruments, allow real-time evaluation of analog measurements in various practical
situations. These quantities can be read by the MATLAB software, but cannot be
processed in Simulink because MathWorks Incorporated does not offer support for this
software in 64-bit systems [7]. The paper presents a method that makes this possible
and studies the case when an inductive-capacitive load is connected to a voltage power
source, with a data acquisition system in Simulink on 64-bit systems [9].
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2. INTERFACE CIRCUITS NECESSARY FOR STUDY THE
PHENOMENA

For the experimental evaluation of these parameters, a data acquisition system
manufactured by National Instruments was used, namely the NI USB-6003 type. The
graphics and the electrical diagram presented in Fig.2 was created using the MATLAB
2014b software. The inductive circuit is connected to the AC voltage through a
capacitor C and the DAQ input voltage levels are obtained using resistive dividers. A
differential measurement was chosen to perform calculations [6].

To eliminate the risk of connecting directly the AC phase voltage to the input
of the data acquisition system, symmetrical voltage dividers were used and the analog
inputs of the measuring system are connected in parallel with the median divider
resistors Ri0 and Ril. To protect the analog inputs of data acquisition system to any
voltage surge, the DZ Zener diodes were used (Fig.1).

The measuring mode is a differential one, because it allows accurate
measurements for low voltage amplitudes (below 1V).

The used system for data acquisition has the following important parameters:

. 8 analog inputs (16-bit resolution, 100 kS/s);

. 2 analog outputs (16-bit, 5 kS/s/ch); 13 digital 1/0 lines; one 32-bit counter;
. Lightweight and BUS powered for easy portability;

. Easy to install sensors and signals with screw-terminal connectivity.

The system is compatible with MATLAB software, but not with the Simulink
package, because the Data Acquisition Toolbox package does not appear in its
graphical interface on 64-bit operating systems.
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Fig. 1 Electrical diagram of measurement system for inductive loads
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To study switching transient inductive-capacitive loads, it was considered the
connecting an inductive capacitive load to an alternating power supply, made with the
following values of electrical parameters:

U=220V; R=1,2Q; L=2 mH; C=100pF.

In this case the diagram from Fig.2 is obtained.

Data acquisition is made with the Ni-USB 6003 system which has a sampling
frequency of 100ks/sec. The sequence of MATLAB program that reads current and
voltage inputs and make data acquisition is shown as it follows:

s = daq.createSession('ni');
addAnalogInputChannel(s, Dev1’, 0, 'Voltage');
addAnalogInputChannel(s, Dev1’, 1, 'Voltage');
s.Rate = 45000;

s.DurationInSeconds = 1.5;

[data,time] = s.startForeground;

tigure;

data(:,1)=data(:,1)*163;

data(:,2)=data(:,2)*27;

[ax,pl,p2] = plotyy(time,data(; 1),time,data(:,2), plot');
ylabel(ax(1), Voltage[V]'); % label left y-axis
ylabel(ax(2),' Current[A]'); % label right y-axis
xlabel('Time[secs]'); % label x-axis

grid;

where 163 and 27 are values dependent on resistors values of interface from Fig.3.
These values are dependent on the input resistive dividers values of the measurement
system (163 is the value of 2R1/Ri1 and 27 represent the value of 2Ro/Rig).

To run this code, it needs a system NI USB-6000 series connected to the PC
and installing the driver from the National Instruments website. The first part of this
code represent data acquisition with a rate of the 45 kS/sec, and the acquisition time is
1,5 sec. The second part of the code represent the ploting mode of voltage and current.
Because the acquisition time is relatively high (1.5 sec), after completion of the
acquisition process, one can decrease this time to 0.1 sec by focusing on the event
(click Edit figure>Axes properties...>xLimits).

The sampling frequency is divided by two because there are two inputs to read.
Therefore it was used a sampling rate of 45 kS/sec for each channel.

Connecting regime from Fig.2 primarily highlights an oscillating process for
current and coil voltage. In the first moment of connection an overcurrent appears, with
a peak of over 30A. The overvoltage peak is almost 400V in the first moment, after
which these values are stabilized to the oscillating values.
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Fig. 2 Connecting an inductive capacitive load

3. MEASUREMENT PROCESSING IN SIMULINK SOFTWARE
PACKAGE

Experimental measurements were made with a data acquisition system type NI
USB-6003 with a rate of 100kS/ sec., and the measurements were processed by 2014b
MATLAB version, which recognizes only data acquisition system in MATLAB, not in
Simulink. Data processing in Simulink involves the following steps:

e It makes the appropriate data acquisition in MATLAB (using specific program
lines for data acquisition system type);
It saves the Workspace generated by the measurement (for further processing);
The Data file from the Workspace opens;
The Time file from the Workspace opens;
Undock command is given to these files (Fig.4);
The Time column is copied in the Data file and it’s placed at the beginning of
the columns (Fig.5).
e |t executes the Dock Variables command and saves the new Workspace.
At this moment the Data folder from the Workspace can be read from a Simulink
simulation model. This is shown in Fig.3:

Voltage ActivePower

ReactivePower

3

Current

A4
o

4
&
3]

From Workspace
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Fig. 3 Simulink model for reactive load connecting
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Fig. 4 Original content of the Data folder from the Workspace
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Fig. 5 Modified content of Data folder from the Workspace

The first representative case for connecting the capacitive inductive load, leads
to the following charts for the inductor voltage, circuit current, and the powers
dissipated in the coil.

As one can observe, the coil voltage and current diagrams (Fig.6 and Fig.7)
show the identical dependences with Fig.2 where the forms were obtained by data
acquisition directly in MATLAB, by programing. The MATLAB program is presented
in the paragraph 2.
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Fig. 6 Voltage variation on coil when Fig. 7 Current variation on coil at
connection is initiated connecting
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Fig. 8 Active power variation on coil Fig. 9 Reactive power variation on coil at
resistance at connecting connecting

Fig. 8 and Fig. 9 represent diagrams of the active and reactive power variation
during the commutation process. An inductive load of 2 mH was connected to an
alternating power source.

Because of the capacitor, the oscillating process occurs in both the current
curve and the coil voltage. The value of capacitance that made the connection process
was of 100 pF. The voltage oscillations and current circuit right after the connection
was initiated, are accompanied by oscillations of active and reactive power.
Measurement was done in the time interval of 1.1-1.2 sec.
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4. CONCLUSIONS

This analysis method allows the study of transient electrical phenomena on 64-
bit operating systems. In this case, in Simulink does not appear the Data Acquisition
Toolbox package, which is specific to the 32-bit operating systems.

We have to mention that the transient regime for connecting the reactive loads
to an AC power source depends on moment of connecting, given by ¥ angle (initial
phase) from analytic expressions of voltage and current. In this paper we considered a
representative case of several measurements that emphasize the higher values of
voltage and current occurring immediately after connecting.
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CONFORMITY ASSESSMENT OF CONVEYOR BELTS AND
BELT CONVEYORS WITH THE ESSENTIAL SAFETY AND
HEALTH REQUIREMENTS OF EUROPEAN DIRECTIVE
ATEX 94/9/EC

FLORIN ADRIAN PAUN', MIHAELA PARAIANZ, NICULINA
VATAVU3, ADRIAN JURCA*

Abstract: Belt conveyors have been used for a long time in most of the industrial
branches, as well as in places where the likelihood of explosive atmospheres occurrence exists.
Therefore, the use of conveyor belts in hazardous environments requires fulfilling certain
requirements, very important for the safety level to be provided, to prevent ignition sources.
This paper highlights the main aspects related to assessment of explosion risk when using
conveyor belts and certification of belt conformity with the applicable essential health and
safety requirements performed by a third party body.

Keywords: potentially explosive atmospheres, explosion risk, conveyor belt,
conveyer, risk assessment.

1. INTRODUCTION

Conveyor belts are widely used within various industrial activities, as
components of transportation installations and systems for solid materials.

The field of use of conveyor belts is a wide one, as these can be employed both
in underground and surface conveying installations of many applications [4].

At the same time, conveyor belts can be used in environments where
potentially explosive atmospheres are present or likely to occur generated either by the
conveyed material or other external sources.

Generally, in industrial areas where combustible/ flammable substances are
processed during normal operation, due to technological processes or processed during

L Ph. D.Eng., scientific researcher 111, INDC-INSEMEX Petrosani
2 Ph. D.Eng., scientific researcher I, INDC-INSEMEX Petrosani

3 Ph. D.Eng., scientific researcher 111, INDC-INSEMEX Petrosani
4 Ph. D.Eng., scientific researcher 111, INDC-INSEMEX Petrosani
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normal operation, due to technological processes or accidental leakages or releases,
explosive mixtures of gas, vapors, mists or powders and air are likely to occur. To
mitigate explosion risks in these industrial environments with potentially explosive
atmospheres, broadly named "Ex Zones", the equipment employed shall be of a special
construction for explosive atmosphere that shall not generate energy sources that could
initiate an explosion [1], [3].

Thus results that the conveyor belts used in various transportation installations
have to fulfill the essential safety requirements regarding explosion dangers that aims
on one side to prevent formation of an explosive atmosphere around the installation
and on the other side prevention (avoidance) of sources of ignition of the explosive
atmosphere, as for example the ignition sources of electrostatic nature or due to hot
surfaces and incandescent particles which might occur due to friction [5].

The essential safety and health requirements are transposed in a series of
European standards with provisions related to construction, testing and marking of
conveyor belts for potentially explosive atmospheres.

Conveyor belts testing for certification is of a particular importance having in
view the existing explosion risk that has to be minimized in order to ensure life safety
and human health and in order to prevent goods and environment damage, as well as
for a free circulation of products when they fulfill the essential safety requirements, at
European level.

2. IGNITION RISK ASSESSMENT RELATED TO FULFILLING THE
ESSENTIAL SAFETY AND HEALTH REQUIREMENTS IN THE ATEX
DIRECTIVE FOR CONVEYOR BELTS AND BELT CONVEYORS

Assessment of the ignition risk when using equipment, protective systems and
components in environments with flammable substances that could generate fires and
explosions has a special importance when aiming to ensure workers safety and health.
According to the legislation in force, responsibility for risk assessment and adopting
the adequate protective measures to ensure an acceptable safety level, belongs both to
equipment manufacturers aiming to place on the market products with a certain level of
protection, and to employers which have to select equipment adequate to the risk of
explosive atmospheres occurrence in the areas where these are placed for operation.

The protection concepts have in view firstly making use of some equipment
that can ensure protection by preventing intrinsic ignition sources, and added to this if
necessary, additional protective devices and maintenance / use measures, specific to
the foreseeable field of use [8], [11].

Concerning this, not only conveyor belts but also belt conveyors operating in
environments with potentially explosive atmosphere and all their components have to
be submitted to an official risk analysis, well documented, that aims to identify and list
all potential ignition sources in the equipment, and the measures to be applied to
prevent them from becoming efficient. Examples of such sources include: hot surfaces,
open flames, hot liquids / gases, mechanically generated sparks, alumino-thermal

14
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reactions, auto-ignition of dusts, electric arcs and static electricity discharges [8],
[9].For explosion prevention and protection there are protective measures that have to
be applied both in order to prevent explosive atmospheres and to avoid ignition
sources.

The explosion protection principle can be expressed as: the likelihood that an
ignition source occurs at the same time with an explosive atmosphere should be
reduced to a minimum. As case might be, measures for explosion mitigation could be
required. Thus, specific requirements are set out for equipment and protective systems
of specific fields of use.

In order to apply this principle, the Ex dangerous areas others than mine
undergrounds and those parts of surface mines that could be endangered by grizu
firedamp mixture are divided into zones according to the likelihood and duration of an
explosive atmosphere (Zones 0, 1 and 2 for gas and Zones 20, 21 and 22 for
combustible dusts in air) and equipment is divided into categories according to the
level of protection assured by avoidance of ignition sources during normal operation,
during foreseeable malfunctions or during rare malfunctions.

Equipment in the ATEX field is divided into groups and categories as follows

[1].
Table 1
Equipment catedor Acc. new regulations
Explosion ac?: KTEX Dire?:ti\B/e (standard series:
group ' ISO 80079, EN 60079)
Group | M1
(mining) M2
Group Il (A, B, C) 1G
Gas, vapors, mists 2G
- surface 3G
Group 1l 1D Group 11l (A, B, C)
dusts 2D dusts and fibers
3D

The new standards have introduced the term level of protection of the
equipment (Equipment Protection Level: Ga, Gb, Gc - for equipment intended for use
in potentially explosive atmospheres generated by gas, and Da, Db, Dc - for equipment
intended for use in potentially explosive atmospheres generated by combustible dusts
in air) as equivalent to ATEX categories (1G, 2G, 3G).

Starting from the explosion protection principles above stated, in the following
table are resumed the requirements for equipment according to its intended use.

15
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Table 2
Presence of | Ignition level of protection require| Group | EPL
% explosive sources 1
O |atmosphere| avoidance cate-
N gory
Accidentally| During
2 |oronlyona| normal NORMAL 3G Gc
short period | operation
of time
Likely to During
1 | occur during| foreseeable HIGH 2G Gb
normal | malfunctions
operation | (one fault)
Continuously| During rare
0 onlong |malfunctions VERY HIGH 1G Ga
periods of (two
time or | independent
frequently faults)
USERS MANUFACTURERS
European European Directive 94/9/EC
Directive (Government Decisions GD:
1999/92/EC no. 752/2004, no. 461/2006).
(GD no.
1058/2006)

Until recently both equipment for explosive atmospheres generated by gas and
the ones generated by combustible dusts were included in Group Il. The new specific
standards have separated the equipment for environments with combustible dusts in
Group IlI.

The conveyor belts, according to European Directive 94/9/EC represent
components "U". As any other component, it has to be comprised in an equipment or
protective system by its manufacturer / user, taking into account the manufacturer
instructions [1].

Aiming to place it on the market, the conveyor belt have to fulfill the
applicable essential safety and health requirements, supplemented with the technical
and constructional requirements. In order to fulfill the applicable essential safety and
health requirements, the conveyor belt shall be designed and manufactured following a
risk analysis regarding the possibility of igniting explosive mixtures by its intrinsic
ignition sources.

The following hazards have to be taken into consideration when analyzing the
risks generated by the conveyor belt itself regarding its intrinsic ignition sources.

- electrostatic energy build up / discharges that may ignite the flammable
atmosphere or may induce electric shocks to personnel;

16
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- local heating by friction, due either to a driven rotary motion and a blocked belt, or
a blocked drive and a moving belt, which might ignite the belt or the flammable
atmosphere or the combustible dust;

- ignition of a conveyor belt by a small heat source as an open flame, blocked rollers
or friction between belt and supports or support adjacent structure;

- flame propagation along a belt in fire. This ignition may be caused by a local small
source as roller overheating or by a much more intense fire fed by other equipment
or materials in the mine working. The fire amplitude increase together with the
surrounding rocks temperature and pressure, with the length of the evacuation way
and in case when there is a high amount of plastic materials in the mine working.

Once these dangers had been identified, each of them may be assessed in a
satisfying manner based on laboratory tests performed according to standardized
methods provided in series standards (SR EN 1554:2012, SR EN 1SO 284:2013, SR
EN 12881-1:2014, SR EN ISO 340:2013) [4], [5], [6], [7].

In order to ensure an acceptable protection level against these dangers, as soon as when

designing and manufacturing the conveyor belt, choosing and selecting component

materials is taken into consideration, to be able to grant different protective
performances to the conveyor belts.

Thus, according to its intended use and protection performances provided, the
specific standards (SR EN 12882:2009, SR EN 14973:2008) address several classes /
categories of conveyor belts [2], [3].

Certification of conveyor belts as an ATEX component assumes attesting the
protective performances to burning, burning propagation and static electricity.

When the conveyor belt is integrated into a belt conveyor that have to assure a
certain protection level according to its intended use, if required, may need certain
additional protective measures.

Additional protective devices refer to detecting dangerous situations and
alarming or automatic stopping the conveyor. If need be, as provided in SR EN
620:2011, conveyors may be provided with the following types of automatic
malfunction detection devices, to lower the hazards:

- belt decentration detection devices;

- conveyor, chutes, hoppers overload/blockage detection devices;

- shafts rotation detectors;

- belt velocity surveillance devices;

- thermal detectors;

- height and / or width detectors.

Belt conveyor conformity assessment with the essential health and safety
requirements provided in the European Directive ATEX implies an explosion risk
assessment that have to take into account potential ignition sources that may occur
during normal operation and also during foreseeable malfunction and rare malfunction
[11].

In practice two cases may be encountered, as follows:
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o the conveyor, as a whole, as an assembly of several components, is placed on the
market by a manufacturer, situation when the manufacturer has to perform the risk
analysis which will be part of the technical file; he also has to assess product
conformity with the ATEX requirements by applying applicable procedures
according to product category.

o the conveyor is assembled or upgraded by user by assembling conveyor's already
certified components. In this case, responsibility for ignition risk assessment
incumbent on the user, who shall assume the manufacturer's obligations and
responsibilities and it will be comprised either in the self-assessment technical file
when the user is considered as manufacturer, or in the safety and health Document
(see the Explosion Protection Document - directive 1999/92/CE), as applicable.

3. CONVEYOR BELT CONFORMITY CERTIFICATION WITH THE
ATEX DIRECTIVE REQUIREMENTS

The 94/9/CE directive, transposed in Government Decision - GD no. 752/2004 and GD no.
461/2006 concerning the conditions for placing on the market of equipment and protective
systems intended for use in potentially explosive atmospheres regulates equipment
manufacturers obligations regarding conformity assessment according to category, see figure 1.

The previously mentioned modules describe the procedure by which the manufacturer
ensures and declares his equipment or protective system is in conformity with the requirements
of the 94/9/CE directive, transposed in GD 752/2004 and GD 461/2006. These procedures are
founded on conformity assessment of equipment or protective system with the 94/9/CE
directive; the difference between procedures is that in case of the procedure of internal control
of production assessment is performed by the manufacturer as first-party assessment (self-
certification), and in case of the procedure of EC product unit verification assessment is
performed by a notified body as a third-party assessment/certification [1].

The declaration of conformity and the supportive technical documentation that have to be
drawn up by the manufacturer are essential for conformity attestation with the specific
requirements in the regulated field.

The content of declaration of conformity and technical documentation is given in the
directive. Moreover, in order to clarify the issues, especially in case of product self-
certification, the following standards had been drawn up: SR EN ISO/CEI 17050-1 Conformity
assessment. Declaration of conformity issued by the provider. Part 1: General requirements
and SR EN ISO/CEI 17050-2 Conformity assessment. Declaration of conformity issued by the
provider. Part 2: Supportive documentation.
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CONFORMITY ASSESSMENT OF CONVEYOR BELTS AND BELT CONVEYORS WITH
THE ESSENTIAL SAFETY AND HEALTH REQUIREMENTS OF EUROPEAN
DIRECTIVE ATEX 94/9/EC

Group | and Il Equipment
Categories M1 and 1* and
autonomous protective systems

Group 11
Equipment
Categoria 3*

EC-Type Examination YE Internal control of
Certification (ANNEX 3) production
(ANNEX 8)

[ ]

Verification of
production  H o H Product
quality verification
assurance (ANNEX 5)

OR Group | and I1* Equipment
and autonomous protective systems

Verification of entity
(ANNEX 9)

(*) and their components if these had been individually certified

Fig. 1 - The logic diagram of conformity assessment for equipment, components and protective
systems

4. CONCLUSIONS

The conveyor belt, as component to be incorporated into an equipment
(conveyor) with its intended use in environments with potentially explosive
atmospheres shall fulfill the essential safety and health requirements regarding
explosion prevention and protection.
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In order to assess conveyor belt conformity with the applicable safety
requirements, laboratory tests are required, as provided in the applicable standards.

Assessment for conformity certification of conveyor belts with the ATEX
directive requirements is particularly important having in view the existing explosion
hazard that has to be minimized in order to ensure safety of human life and health and
to prevent goods and environment damage, as well as for a free circulation of products
when they fulfill the essential safety requirements on European level.

For the purpose of ensuring a high safety level against explosions, additional to
ignition hazards showed by conveyor belts, belt conveyors used in these environments
and their components have to be submitted to a well documented official risk analysis,
that should identify and list all potential ignition sources in the equipment and the
measures to be applied in order to prevent potential ignition sources from becoming
efficient.
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MODERN METHODS OF REACTIVE POWER
COMPENSATION AND REDUCTION OF SUPERIOR
CURRENT AND VOLTAGE HARMONICS
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Abstract: Active power filters (FAP) adapts to varying grid and load. The
composition of active power filters are static converters, having inverters structure, operating in
four quadrants. These inverters have the advantage of bi-directional energy transfer and
exchange between the grid and a storage element, capacitive or inductive type, which is located
on the D.C. part of the converter.

If it is used AS a centralized compensation solution it can combine power factor
correction circuit with harmonic filter to solve more problems with the same equipment.

Keywords: active power filter, harmonics, compensation, inverter, reactive power.

1. REACTIVE POWER COMPENSATION

Current installations of reactive power compensation are affected by
harmonics and most of the electricity companies recommend rules and some even
prescribe as existing reactive power plants compensation to be filled with a coil. This
means that the capacitor must be connected in series with a coil so that the circuit for
the higher harmonics to behave as an inductive element, and the fundamental
frequency to remain as a capacitive element [6].
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When the inductive element is added intentionally installations are connected
to the resultant voltage of the entire absorbant circuit. Overvoltages remain inside the
compensation installation, it appears across the properly sized capacitor, but across the
entire system there are no overvoltages.

It is important to remember that, especially when connected to a single-phase
nonlinear load, for networks of 50Hz appear harmonics from 100 Hz to over 1 kHz,
that gives a large field of resonances which can be excited.

2. ACTIVE POWER FILTER (APF)

Traditional methods for removal of harmonics based on plants resonant passive
filters LC parallel source of harmonic and synchronized therewith is a rigid structure
able to eliminate the defined harmonics, while in reality the content of harmonic loads
connected to the network are unpredictable and variable in time. This leads to
unwanted resonances between filters installed and line impedance that leads to
overload or overvoltages in filters under load and installation in general [6].

The solution is to install filters that adapts to varying network and load that are
called active power filters (APF) adequate installations containing static converters and
control algorithms [8].

Active power filters is for the network a variable impedance with a value
necessary to facilitate the elimination of harmonics. They are not based on a rigid
structure and are suitable for complex waveforms, its description no being so simple.

As shown in Figure 1, the active filter is a shunt device. A current transformer
measures the harmonic content of the load current and controls a current source to
generate an exact copy of the current to be injected in the next period.

Fundamental current Load current
Ifund Iload
A o—
Source & !
impedance © Th © hgradeS t t grade?
= o grade5 =
3 1 ] 1 1 1
O Q
G, - :
7 )
m| Active =
RS filter o
w
(=
5
Power source Installation

Fig. 1. Active power filter
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Harmonic current is generated by the active filter and only the fundamental
current is drawn from power grid.

In practice, the amplitudes of harmonic current are reduced by 90% and,
because the impedance of the source at harmonic frequencies is reduced, voltage
distortion is reduced.

3. COMBINED EQUIPMENT FOR COMPENSATION AND
FILTERING

In practice, the functions of compensation of reactive power and filtering of
the harmonic current are most often combined. It is usual to set the resonant frequency
of the LC circuit at a frequency that does not correspond to harmonics to avoid
overloading the compensation system. Sizing the coil is normally made as a percentage
of reactive power of the capacitor at 50 Hz.

For example, for a variance of 5%, which is a voltage drop across the inductor
1/20 and 21/20 voltage drop across the capacitor so that the resulting decrease in total
100%. For a frequency of 20 times greater, so 1000 Hz, the relationship is reversed;
this frequency the two identical impedance elements present, and the resonance
frequency of the circuit is apparent that the geometric mean of the two frequencies, that
is, the value:

50Hz-+/20 =224 Hz 1)

Another common value, 7%, determines a resonant frequency of 189 Hz
avoids the appearance of a cage for a close harmonic. Because the LC is connected to
the electrical network, harmonics from external sources can flow through it
simultaneously with the internal sources for which it has been designed. Therefore, if a
consumer uses a filter but those next to him does not, you need to oversize the filter
[11, [4]. [5].

In some cases, oversizing will not only avoid unforeseen overload but also
improve the filter quality factor, providing a more precise separation desired from the
undesired frequencies with reduced energy losses. This effect is reduced if the unit is
separated from the others by a distribution transformer, with the corresponding the
inductivity.

Active filters (APF) are normally connected in parallel with the network. But
the situation is quite different. These electronic devices analyze nonlinear harmonic
current on the consumer and generates exactly deforming residue in the future. In this
way, the residue is provided by deforming the active filter, and the current fundamental
is taken from the power grid. If the residual current is above the filter capacity, then it
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only partially achieved the necessary correction and some current harmonics are taken
from the network [7].

4. SIZING THE INVERTER OF THE ACTIVE FILTER

Static converters used in FAP have structure inverters operating in four
guadrants, with the ability to transfer and exchange between the network and a
bidirectional energy storage element, capacitive or inductive type, located on the D.C.
converter.

In figure 2 are shown the structures of the three converters commonly used in
the version of three-phase network without neutral.

4 4
¥ ¥ ¥
P
B o —h3 —h3
c PR |
E =0
C
4+ A 4F A2 4%}
a) current converter b) voltage converter
T
B
L2
B mﬂ;‘m g
L

45} %5} FI%} |

¢) voltage converter in current adjustment mode

Fig. 2. Current converter, voltage converter, voltage converter in current adjustment mode
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The voltage converter in adjustment mode after inserting an inductance
between network and converter so that the entire system behaves as a current source.

The voltage inverter is made with IGBT, which gives him the advantage of
simplicity diagram of force because it no longer requires auxiliary circuits of extinction
as thyristor the variants, blocking transistors being made through the gate.

Control methods in the time domain to obtain instantaneous values are based
on control signals required for compensation.

There are methods that have been used mainly in 1990, starting from the first
Theory of Instantaneous Reactive Power to control FAP introduced by Akagi et al in
1983 [2], [3] which has had significant success for elimination harmonic in the
presence or not of reactive power in the conventional sense.

During these last years we have developed other methods in the time domain,
highlighting the advantages for control of FAP [10].

All these methods are obtained compensation currents but not voltages because
they are very suitable for FAP structure that acts as a current source in parallel with the
network.

Load currents must be analyzed to obtain compensation currents. Fundamental
active current is calculated and subtracted from the load current. The resulting current
is denied to obtain the reference current to the active filter. Load current fundamental
calculation is done using fast Fourier transform (FFT).

e ) 1<k <N @)

in which:

k - order harmonic

n - sample order

AND - load current

is (n) - n sample from the load current
N - number of samples

Calculating the inverse Fourier transform (IFFT) to obtain fundamental active
current task in domain of time. The equation is the inverse Fourier transform:

N jZﬁ(k—l)[%]

Linv(n)=>"1,(k)e

k=1

1<k <N 3)
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Because the data entered into the calculation of the inverse Fourier transform
and not imaginary part, the data they will have no imaginary part, it is sufficient only
recreating real part of the samples.

Now reference currents, which are supposed equal to those of the reaction can
be calculated using the formula:

i, (n)=—]i; (n)-i.inv(n)] 1<k<N (@)

4.1. Calculation of the filtering coil

Maximum ripple current is the main criterion in the design chosen coil
filtering. Ripple current calculation is made on the assumption lack of load and the
effect coil resistance is neglected. In these circumstances the reference voltage of the
inverter is equal to the supply voltage. The value peak to peak ripple current is:

o= Ml 5)
riplu 8\/§ fcom ] Lf

where:
Ucc - the value of the DC voltage
feom - sWitching frequency

And closed loop systems in the absence of load, the controller aims modulation
factor to:

22U,
m=——>=
u

(6)

cc

where:
Us - the effective value of the phase voltage

Inductance required is calculated by formula (7) it is assumed ripple current up
to 15% of rated current:

L U, ~ 230
"o2v6-f, i, 246-10*-32,26

“riplu

=0,145[mH ] )
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For ripple current 32.26 [A] peak to peak (15% of current compensation) is
required inductance of 0.145 [MH].

It notes that the inductance value depends on the maximum ripple current and
voltage required for closed-loop systems. Closed loop systems due to switching the
inverter voltage harmonics are not directly proportional DC voltage.

4.2. The calculation of the reference voltage of active filter

To calculate minimum DC voltage must first calculate the required voltage of
the active filter. Required active filter voltage can be calculated as:

. di,
Uf—US—Lf‘E (8)

The advance 1.5 current sampling period is calculated using the converter
current samples which are in advance by two, respectively one sampling step like in
the relation:

gi
%(n)zzfcom~[if(n+2)—i(n+1)], 1<n<N ©)
4.3.Choosing DC voltage

Assuming modulation with a space phasor the required continuous voltage is
given by the following:

— % su (10)

u VB U /3348
« m 0.95

max

= 635[V] (11)

For a maximum modulation index of 0.95 obtain maximum continuous voltage
of 635 [V] is rounded to 650 [V]. Also voltage can be slightly higher when taking into
account sags, voltage transducer accuracy etc.

In the calculations above the ripple current was taken to 15% of peak current
compensation. Actual value of ripple current through the coil filter with a phasor
spatial modulation in no-load approximates with the relation:
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u_.-M
Loy = ——==———-~/05-0.735-M +0.35- M ? (12)
o 8\/5 Lf ' fcom
where:
v =2J§-us =2J§-23021 3
U, 650
| ity = 650-1 J0.5-0.735-1+0.35-1 =9,94[A]  (14)

8+/3-0.000145-10000

With the help of expression (12) ripple current through the coil is 9.94 [A].
The total effective current including the ripple is given by the following:

Liomoon =y 1amp + 1 2 = 121,682 +9,942 =122,09 [A] (15)

4.4, Calculating DC

With the help compensation voltages and currents we can calculate the DC
using the expression:

icc(n):ufl(n)‘ifl(n)+uf2(n3'ifz(n)+uf3(n)'if3(n), 1<n<N (16)

cc

4.5. Calculating capacitor

The capacitor is calculated to limit the peak to peak ripple value to a certain
percentage of the nominal voltage relation:

o i), o

u Cevv
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Peak to peak ripple value of the integral direct current is 0.48 A-sec. In order
to limit this value to 5% of the supply voltage is 650 [V], the capacitor must have a
capacity of 14.8 [mF] As is shown from the following relation:

0.48
=—————=14,8[mF 17
@ 0.05-650 [mFl )

5. CONCLUSIONS

There are few common devices that the most effective way of reactive power
compensation is on-site. This solution is the most efficient because only the active
component of current flows in the system, the reactive component is compensated
inside the device.

The advantage of the solution centralized with the appropriate control, is that
not all devices operate simultaneously and it is possible, many times to install a total
capacity of offset less than if it would provide compensation for the local all
equipment. It thereby reduces the risk of overcompensating motors. Using a
combination of filter and compensation reduces the risk of resonance and ensures that
the filter harmonics within the range are mitigated.

The composition of active power filters are static converters, having inverters
structure, operating in four quadrants. These inverters have the advantage of bi-
directional energy transfer and exchange between the grid and a storage element,
capacitive or inductive type, which is located on the D.C. part of the converter.

The calculations are needed to help determine active filter inverter constructive
solutions to meet the filtration system.

Because of these possibilities, static converters can be implemented for single-
phase or three-phase systems with or without neutral. In all these cases, the static
converter can act as a current source or voltage source, ie as an energy storage element
used. The structure most often used in these situations is found in three-phase systems
in two versions, namely for systems with and without neutral.
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THE IGNITION SENSITIVITY OF GASEOUS EXPLOSIVE
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Abstract: This paper presents an investigation by statistical analysis of the influence
of humidity on the ignition sensitivity of explosive gas atmospheres in the underground of
firedamp mines from the low current equipment and installations.

The first part briefly describes the test rig used and the results obtained from
experimentation.

Because of the stochastic behaviour of the results there were used statistical methods
of analysis.

The second part presents statistical analysis of experimental results obtained from tests
with explosive mixture of air-methane.

The third part presents the resulted theoretical model.

Keywords: firedamp mines, explosive atmospheres, ignition sensitivity, humidity.

1. Introduction

The process of coal mining by using underground mine works is constantly
accompanied by the risk of explosion due to the presence of methane and coal dust,
released into the atmosphere from underground during the extraction of coal.
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Considering the classifications of explosive atmospheres one can say that the
atmosphere in the underground of firedamp mines has the highest ignition threshold,
whether it takes into account the electrical criteria (260 wJ) or the thermal criteria
(450°C).

Experimental study of the probability of ignition [4] revealed an approximately
exponential dependence [2] of the probability of ignition depending on voltage, in
capacitive circuits. Other mentions [5] presents an exponential dependence of the
ignition probability depending on the logarithm of the current value, in inductive
circuits.

Another concurrent factor influencing the sensitivity to ignition of
underground atmospheres, characterized by the presence of methane, is its humidity
content.

On the other hand, the phenomenon of explosion propagation in areas
characterized mainly by one-dimensional development involves pre-compression
phenomena and increase the speed of propagation of the explosion wave front and
leads to events of very high gravity that includes both casualties and material losses.

Additionally, an explosion causes in the underground damage to ventilation
system that has cascading consequences in terms of reducing the capacity of
exhausting the methane emissions and also decreasing the capacity of providing the
required oxygen level to the workers caught in the associated underground mine works

[1].

Experimental study of the dependence of ignition sensitivity of methane
explosive atmospheres against humidity showed a slight linear relationship to the
logarithm of the number of rotations at which the ignition of the test mixture has
occurred [3].

2. Brief presentation of experimental data

Experimentation was carried out using the test infrastructure for ignition by
spark (spark test apparatus). A chamber, that contains a transducer, has been
additionally connected at the air intake for measuring environmental parameters
including humidity.

An 8,3% air-methane test mixture was used and having the relative humidity of
the air at the intake between 11 + 38% RH.

The electric parameters of the circuit in which the spark test apparatus has been
connected were Uo=24Vcc, L=121mH, 10=110+-111mA.

During the performance of the test the inlet air humidity varied according to
the diagram in Figure 1 and the value of the number of rotations at which the ignition
occurred is shown in the diagram in Figure 2.

The procedure for conducting the experiments included successively:

- conditioning of spark test apparatus according to B.1.3 in [5] at the beginning
of the test series then;
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- cycles of 15 tests conducted as follows:

o purging with air of the transducer chamber for a period of between
4 to 10 minutes;

o purging the chamber of the spark test apparatus and related gas
ducts with 10 volumes of mixture;

o starting the spark test apparatus with specified electrical
parameters;

o recording the number of revolutions to which the ignition has
occurred;

o reading the indicated value for the intake air humidity and
recording, in an identical manner, for all the tests in the cycle. The
reason is to allocate the time needed to stabilize the humidity value
indication of the device.

For the first 140 tests the time needed to stabilize the instrument indication
wasn't booked, that is the reason why these were dropped-out (on the left of the line) -
see Figure 1.

Although the conditioning of the cadmium disk was performed, on the first 60
tests an anomaly was found in the distribution of the number of rotations values at
which the ignition had occurred. See Figure 2.
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Fig. 1. Variation of the intake air humidity
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Fig. 2 The number of rotations at which the ignition occurred

Distribution of values of the air relative humidity at the inlet and of the number
of rotations at which the ignition has occurred is shown in the diagrams in Figures 3
and 4.

After removing the first 140 tests from the initial set of experimental data the
density distribution diagram was built - Figure 5.
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Fig. 3 The histogram of values of air relative humidity at intake
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Fig. 4 The histogram of the number of rotations at which the ignition has occurred

Relative Humidity [%]

Fig. 5 Distribution of density for the number of rotations at which the ignition occurred and

relative humidity of air at intake

3. Preliminary statistic test

The set of results was divided in two series, one with the air relative humidity

at intake smaller than 21 % RH and the other with higher relative humidity.
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Application of the statistical test for the two series showed application of
Student test for the two series showed that the difference between the arithmetic mean
of rotations for the two sets is statistically significant - is between 5.75 =+ 26.40 (means
50.16729 and 66.24389 rotations) with a confidence level of 95%.

4. Theoretical model of transformation

In order to highlight the influence of the air relative humidity at the intake on
the ignition sensitivity for normalization of rotation values at which the ignition has
occurred, the function in equation (1) was proposed, based on the combination of
logarithm function with the CoxBox transformation.
T(x,A) = (inGa)Y -1 1)

In equation (1) the A parameter is a coefficient and its value is determined by
an optimization process that reduces the value of the objective function proposed in
equation (2).

4 2
F(X,4A) = (skewness[?‘(){, /])) + (3 — kurtosis(T(X, .-"J))} 2

In equation (2) X represents the vector of rotations values at which the ignition
has occurred and A represents the argument of the optimization function.

Following the application of the optimization process a value of 1.303125 for A
has resulted.

Then the function defined in equation (1) applied on the rotation vector values
to which the ignition has occurred.

The histogram of the converted values of rotations at which the ignition has

occurred together with the empirical density distribution curve and the theoretical
density curve (Gauss) are shown in the diagram in Figure 6 and QQ plot in Figure 7.
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Fig. 6 The histogram of converted values of rotations at which the ignition has occurred
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Transformed Rotations Quantiles

Normal Quantiles of Rotations
Fig. 7 QQ diagram of values for rotations transformation to normal distribution (Gauss)
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4
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Fig. 8 Distribution density of the transformation of the rotations number at which the ignition
has occurred and the relative humidity of the air at the inlet
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On the density diagram of experimental points the transformation of rotation
versus the relative humidity of air at intake the regression line was drawn whose slope
is observed that is slightly positive. See Figure (8).

Application of Student statistical test for the slope value of the diagram of
rotation transformation depending on the air relative humidity at intake revealed that its
value is in the range 0.0004697686 + 0.04825771 with a confidence level of 95%.
Also, the probability for the slope to be zero or negative is 0.6%.

Further, bootstrapping has been applied for the regression slope value of
random subsets of values and distribution of slope values is shown in the diagram in
Figure 9.
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Fig. 9. Histogram of regression line slope values
5. CONCLUSIONS

1) Preliminary analysis of data resulting from experiments showed that there is a
statistically significant difference between arithmetic mean of the number of
rotations at which the ignition occurred for relative humidity of air at intake
below 21% and those over 21%.

2) Due to the asymmetric shape of the distribution of rotation values at which the
ignition of the test mixture occurred, the use of a transformation based on a
combined logarithm function and Box-Cox was proposed.
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3) In order to determine the A parameter of the chosen transformation an objective
function was proposed and used, which aims to reduce both asymmetry and
excess kurtosis.

4) For the data set obtained after applying the transformation the regression line
was determined and its slope was analysed.

5) Following statistical analysis of the slope of the regression line resulted that
this has values greater than zero, with a probability of 99.4%.

6) Due to the large dispersion of values for the number of rotations at which the
ignition has occurred, this paper failed to identify a dependency relationship to
ignition sensitivity, but only established that the relative inlet air humidity
significantly influences the sensitivity to ignition of 8.3% air + methane
mixtures.
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THE RET DEVELOPMENT DUE TO ENERGETIC MIX IN
THE ELECTRICAL ENERGY PRODUCTION
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Abstract: Energy is a product with great economic, social, strategic and political
value. Main objective of Romania’s growth during the next decades is insurance of sustainable
social and economic development conditions with cannot be designed without an appropriate
strategy for energy transport structure (RET).

Keywords: sustainable development, energy markets, climate change, renewable
energy sources

1.INTRODUCTION

The modern society shouldn’t exist without a safety, clean and certain
electrical energy supply as well as an affordable price. The electrical energy is one of
the base conditions for economic and social development for education, health and all
aspects of human life.

In the last twenty years, there were major changes in the electrical energy
develop system meantime the electrical societies have relied their strategies on the
predictable and stable conditions, the industry- which is still powerful regulated — is
frequently putting face to face with frameworks of rules and climate regulations in
nowadays [1].

These aspects have determined the world energy domains leaders to gather the
Global Energy Initiative for sustaining and promote the electrical companies efforts for
energy to assure a certain supply, to improve the access to energy and to reduce or to
adopt the climate changes impact.

As specific particularities of energy sector, it can mention: a high inertia due to
interval of time between decision and implementation; along with transport structure is
main contributor to environmental pollution and climate changes; it needs important
financial investments.
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1.1 The future of electrical energy

The electrical energy demand is increasing in the developed economies. Some
aspects determine major structural changes as well as of electrical demand as the offers
with important impact above electrical energy management:

- deindustrialization process of these economies;

- the present and future risks of environmental changes;

- the mixed energetically fuel changes;

- the growth of beneficiary aware regarding energy using.

The important energy customers and even the new power suppliers were
established centralized as location, power and demand/supply power which were
afforded in analyze of functional electrical transport system (RET). The national
electrical transport structure has led taking into account technical and economic criteria
as well as the safety applied to supply, transport and distribution system [5].

Regarding the European Parliament of the Council Directive 2010, each
country has to control the own production/consume balance in case of necessary safety
level achievement between different systems.

1.2 Energy from renewable sources

It is essential for approaching the climate changes to recognize the high level
of various types of energetically sources as well fossil as renewable sources into a
rational mode, sustainable and efficient as cost parameter. It is well known that the
efficient input of energy from renewable sources vary in dependence with development
level for each country or region [2].

The energy costs from renewable sources are increasing with the growth of
technology development. However, some types of renewable sources energy could be
expensive than some conventional sources addicting a supplementary costs above user.
Some measurements for stability of transport system include: the develop of electrical
energy structure, extending of interregional operation structure; the management of
demanded stock when a higher intermittent energy of renewable sources are
introduced.

1.3. The mixed sources of electrical energy

Both the coal fossil energy production and nuclear energy are playing an
important role in energetically system through energy supply at base of load curve ant
through the positive contribution at the feed with fossil fuel because the coal and
uranium reserves are spread more than another fuel like petroleum and natural gases.

The thermal power plants have also an important role due to pliable of reserve
capacity and the nuclear energy offers an important advantage in supply energy
without emissions [4].
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The energy based on coal will remain the major factor for the load curve
submissive of the acute laws viewing the emission level for different nations and
regions. The coal power plants have to embrace the policy of the Best Available
Technology (BAT) and a clean technology based on coal as Integrate Gases Coal
Cycle (IGCC) and technologies as Advanced Ultra Super Critical (A-USC).

The safety is more important priority for nuclear energy.

2. THE DOUBTFULNESS AND MAINTENANCE OF RET

The important elements which assure the safety and certain electrical supply
are including the interconnection capacities and electrical dissipated engender. The
political measurements should promote the innovation in technology, devices, services
and business examples for assure a high certain of supplying.

These could provoke the research, demonstrations and develop activities to
continue the innovation for all technologies with low carbon emissions pertinent for a
new energetic system and also technologies for caption and stock the carbon,
technologies for electrical energy stocks, updating technologies for distribution system,
technologies for intelligent electrical measurements as well as renewable sources and
electrical efficiency.

It is obviously that the renewable sources will affect the individual system
operation into a significant way and their doubtful prediction is contributing to the base
of unplanning transitory flows. Develop of U.E involves a conversion for energy using
mode and the energy sources as well as the transport and distribution system function.

The responsibility of intelligent structures is consisting in assuring the safety,
certain and sustainable economic function of electrical energy both the conventional
power plants and distributed sources from customers. Also it is necessary to raise the
efficiency of energetically process viewing the environmental safety, cost diminishing
and services quality.

The scope of planning the transport structure is to assure a coordinating
develop for a durable, efficient and economical transport system in benefit of
customers on the long period of time. The main criterion in transport system is the
completeness of energetically system and holding out for a several pre-established
contingencies.

Some doubtfulness could appear:

- the prediction in establish for new supplying power capacities, the installing
data in dependence with the price incertitude on the electrical market;

- the prediction for new capacities emplacement and their controller mode;

- the prediction of decommission of existing supply capacities;

- the supply costs and prices;

- the energy production prediction;

The incertitude of consume prediction grade is lowest with the other
incertitude as raise and annual variation. The market is international and the changes
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between interconnections will depend by difference of the electrical energy price in the
interconnected systems.

INCERTITUDES ANALYSES
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Fig.1. The doubtfulness in process of planning the transport structure
3. CONCLUSIONS

The important aspects of interconnections are: the conversion of transport
interconnection rates and then in the intern system as a result of reactions at the price
signal; the necessity of international coordinator planning; the assuring of financial
support for new interconnections and financial support for intern system.

It is necessary to emphasis the raising number of uncontrolled plants but which
demand also power for system services of controlled plants and for interconnection.
This category is based on eolian power plants as 300-1800 MW power. The average
power of turbine is about 30% from installed power. The higher power in eolian power
plants involves a lot of number of interconnection capacities with proximity systems, a
market with adjustable electrical power, the increasing of control and reactive power
sources.
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RESEARCHES REGARDING INCREASING RELIABILITY
FOR AG-63 COMMAND BOXES USED IN FLAMMABLE
MINES
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Abstract: The paper brings forward the mechanical malfunctions, due to corrosion,
occurred on AG-63 command boxes which are used in the flammable mines of Jiu Valley.
Following the assessment of the command boxes, a series of mechanical malfunctions have
been highlighted, such as: local and remote button command malfunction; malfunction of the
screws of the terminal boxes and those of the inserters; malfunction of the door command levers
and of their locking bolts. In conclusion in order to increase the reliability and maintenance
level of the command box, and consequently the operational safety of the construction of the
box, it is therefore required to reconsider the maintenance policy regarding the mechanical part
of the box.

Keywords: reliability, command box, maintenance, malfunction.

1. INTRODUCTION

According to a traditional approach, the quality notion of a product involves
the consideration of a category of characteristics such as the reliability, maintainability
and availability, elements which impose a series of conditions for the operational
safety of a product, and which lay the foundation of the quality of the service the
product offers to its users [2].
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One of the mostly met equipments in the underground flammable mines of Jiu
Valley, used for the command and protection of conveyor belts' engines, is the AG-63
command box manufactured by SC Gr. Ind. Ecb SA [2]

Therefore, the researches regarding the estimation of its reliability indicators
were carried out using the AG-63 command boxes installed in the Lonea underground
mine.

2. THE ASSESSMENT OF MECHANICAL DEFECTS AND THE
ESTABLISHMENT OF A DATA BASE AND OF THE EMPIRIC FUNCTION
FOR THE DISTRIBUTION OF OPERATIONAL TIMES UNTIL A
MALFUNCTION OCCURS

2.1. Mechanical defects analysis for the estimation of the indicators of
reliability
The observation of the operation of the command boxes has highlighted the
following mechanical defects [2]:
— The malfunction of local and remote command buttons;
— The blocking of bolts from the lids of junction boxes and bolts from cable
entries
— The malfunction of doors command levers and their locking mechanisms;
— The occurrence of rust on the closing surfaces between the lid and the encasing
of the command box;
— The occurrence of rust on the bolts which connect the encasing to the ground.

2.2. The establishment of the data base and of the empiric function of the
periods of operation until the occurrence of a malfunction

The data base resulted from the daily reports of the electrical-mechanical
department of Lonea mine was used to establish the moments when mechanical
malfunctions occur on AG-63 command boxes. The period in which the operation of
the AG-63 command boxes was observed occurred between January 2014 and July
2015, namely on a period of 18 months (1.5 years), on a lot (sample) of 21 AG-63
command boxes [1].

The line, ordered from the smallest value to the largest one, composed of n =
97 values resulted from the analysis and interpretation of the data base, line dealing
with the times of operation of the command boxes until a malfunction occurs, ti, in
hours, for all 21 command boxes, for the entire period of 1.5 years: 880; 960; 1000;
1056; 1100; 1100; 1100; 1140; 1140; 1146; 1210; 1250; 1270; 1320; 1400; 1430;
1430; 1460; 1500; 1600; 1650; 1690; 1700; 1700; 1710; 1720; 1740; 1760; 1760;
1760; 1780; 1780; 1800; 1840; 1840; 1840; 1840; 1850; 1880; 1880; 1890; 1900;
1900; 1900; 1900; 1920; 1920; 1960; 1960; 1960; 1970; 1980; 2000; 2000; 2000;
2000; 2000; 2000; 2060; 2060; 2100; 2100; 2100; 2100; 2100; 2100; 2100; 2100;
2100; 2100; 2100; 2100; 2100; 2110; 2110; 2120; 2120; 2140; 2140; 2160; 2200;
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2200; 2200; 2210; 2300; 2300; 2300; 2300; 2320; 2320; 2380; 2400; 2400; 2410;
2460; 2700; 2700 [1].

This line represents therefore a statistical S2 series where some of the values
are repeated (the series is not composed of disjunction values). After having been
processed it results the new line composed of n; = 50 distinct values, with different
occurrence frequencies for each value.

The following relation is used to determine the empiric function of repartition
of the time of operation:

n i-1
F(t)=f  fortu<t<t,i=2,3,..,50. (1)

-1
3. THE ESTIMATION OF THE RELIABILITY PARAMETERS

The estimation of the reliability parameters for each metallic construction of
the AG-63 command box is realised using the theoretic distribution laws, the calculus
methods for all their parameters for each step as well as the test of accordance between
the theoretic and the empiric functions [1].

The determinations were carried out using the Excel and MathCAD software,
which are used for tables' calculations, respectively for graphic representations of the
followed parameters [3].

Table 1: The reliability functions which characterise the mechanical part of the command box
and their comparison

The Critical
Theoretical The reliability function, R(t) maximum | Risk, | 0a1 6 validation
distribution deviation, o
D Doa,50
max
Exponential e—5,2-104t 0.448862 |0.005| 0.240387 No
1 t —1872,082
__(D R
2 397,161 or
N | 0.137912 | 0.20 | 0.148389 Y
orma 1(x-1872,082 2 e
3 1 1 o 2\ 397,161 q
397,161 /27 O
Weibull _[ t ]5"“”
binomial, @ 12060404 0.117511 | 0.20 | 0.148389 Yes
Wp
Weibull {19210 5,437
trlr:/(\)/mlal, *[ 2029'148) 0.114349 | 0.20 | 0.148389 Yes
m
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Four types of distributions were used in order to estimate the reliability
parameters: namely the normal distribution, the Weibull binomial distribution, the
Weibull trinomial distribution and respectively the exponential distributions, only the
first three having been validated. The validation or non-validation of the reliability
function was carried out taking into account the maximum deviation (which should be
smaller than 0.3) using the method of the smallest squares [1].

With the help of the determined parameters of the three validated distributions,
as well as for the non-validated exponential distribution, the main quantity indicators
which characterise the reliability of each mechanical part of the AG-63 command box
were determined and graphically represented.

The graphic representations of Figures 1, 2, 3 and 4 deal with the variation
curves depending on the period of time, the main reliability indicators which
characterises the mechanical part of the command box [1].
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Fig. 1 The variation curves of the reliability functions
Re(t) — exponential; Rn(t) — normal;
RWp(t) — Weibull binomial; RWm(t) — Weibull trinomial
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Fig. 2 The variation curves of the non-reliability functions
Fe(t) — exponential; Fn(t) — normal;
FWp(t) — Weibull binomial; FWm(t) — Weibull trinomial
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Fig. 3 The variation curves of the density of the probability of operational time

fe(t) — exponential; fn(t) — normal;
fWp(t) — Weibull binomial; fwm(t) — Weibull trinomial
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Fig. 4 The variation curves of the intensity or rate of malfunctions
ze(t) — exponential; zn(t) — normal;
ZWp(t) — Weibull binomial; zZWm(t) — Weibull trinomial

4. INTERPRETATION AND USE OF RESULTS

It results therefore the grouping tendency, as well as the overlapping one of the
curves of reliability and non-reliability for the normal and Weibull distribution laws,
from Figures 1 and 2, confirming the close values of the maximum distances between
the empiric distribution (i.e. the experimental one) and that of the theoretical
distributions. Moreover, it is confirmed that these distributions express with enough
precision the most important reliability indicators.

Starting from the fact that according to the norms in force the preventive
maintenance activity for the AG-63 command box is carried out underground, in 6
months of operation, i.e. 6 months x 30 days/month x 24 hours/day = 4320 effective
hours of operation, allows the interpretation of the variation curves of the determined
indicators. It is therefore considered the 6 months being a period of effective operation
as the command box is continuously found inside a mine which adds to its corrosion.

If an 80% level of reliability is imposed, value which is quite good, and which
is imposed for underground conditions in black coal mines, in order to ensure
protection, it results in a flawless operational time of tgg = 1500 hours, which is
transposed in calendar days in two months, meaning therefore that it should be
expected, with an 80% probability (the risk being 20%), that during a 2 months’ time
no mechanical malfunction should appear at the AG-63 command box. It is a relatively
small value compared to the six months period which is required for the technical
inspection [1].
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The probability for malfunctions to appear due to corrosion is practically zero
for an operation of up to 1000 hours (i.e. 1.4 months), and respectively 60% for a
period of 2000 hours (2.8 months). It is quite certain that the product does no longer
meet the operating conditions regarding the mechanical malfunctions if the above
value is exceeded. The values observed are way below the six months period foreseen
for maintenance activities.

This variation of the reliability and non-reliability functions highlight the fact
that once corrosion occurs, after roughly 1000 hours of operation, the phenomenon
propagates quickly in time, fact which is also highlighted by the steep slope of the
middle part roughly linear of the functions. It also brings forward the fact that the
speed of corrosion is increased, or, the malfunction speed in general is increased.

The large malfunction speed, measured as malfunction/hour is best highlighted
by the density curves of probability of the operation time from figure 3 and intensity or
rate of malfunction in figure 4.

Analysing the variation in time of the intensity or the rate of malfunction it is
therefore observed that for a period of operation of up to 1000 h, its value is practically
zero, after which it is observed to get a strong increasing tendency which
asymptotically tends to reach t = 3000 ore [1].

5. CONCLUSIONS

The reliability analysis carried out on the metallic construction of the AG-62
command box leads to the following conclusions:

- The breakdown of the metallic construction of the command box due to
corrosion, which is the mathematic model expressed with the help of the normal and
the Weibull distributions, and which is in perfect accordance with the previsions of the
studied speciality literature;

- Considering the period established by the norms regarding the moment in
which preventive maintenance activities are carried out, the reliability of the metallic
construction is decreased resulting in an 80% reliability, which is absolutely necessary
for the special conditions of underground black coal mining, for a period of only 1500
hours of operation, an equivalent of two months of continuous operation;

- In order to increase the level of maintainability and reliability of the command
box and implicitly its operational safety of the actual construction of the command box,
it is required to reconsider the design and the manufacture technology of the metallic
part of the command box as to increase the resistance to corrosion of the functional
parts, especially the contact surfaces between the casing and the lid, which mainly
ensure the operational safety of the command box. Therefore, the materials used, the
manufacturing technology of the contact surfaces need to be reconsidered, including
the possibility to use metallic covers in order to obtain superior characteristics contact
surfaces;
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- Moreover, in order to reach the same target, it is required to reconsider the
maintenance policy applied for the mechanical part of the command box, which can be
realised through:

- The improvement of the preventive and corrective maintenance
activities which may lead to the avoidance of corrosion by thoroughly
cleaning and protecting the functional surfaces;

- The increase of preventive maintenance activities which may cover the
characteristic periods of time resulted from the reliability assessment,
which implies the change of the norms and regulations in force.
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VOLTAGE AND CURRENT HARMONICS SIMULATION

ILIE UTUY, MARIA DANIELA STOCHITOIU?

Abstract: Due to use of static power converters in modern controllable drives, one can
notice the occurrence of disturbances in the mains, which entails voltage drops on the line,
increase in loses, reactive energy consumption increase and interference with radio
telecommunication systems. The real values of the current harmonics are different than the
theoretically values, so we made some measurements of the current and voltage spectrum
composition, in different winding working regimes. To this end we used a coprocessor for data
acquisition in real time.

Keywords: voltage and current distortion, voltage spectrum composition, distorting
running, width modulation, induction motor.

1. INTRODUCTION

To reinforce the conclusions regarding harmonic spectrum obtained from the
theoretical point of view, we realized simulating static converter drive system - motor.

To achieve the numerical simulation of the electric drive we used MATLAB
and Simulink software packages. For this purpose we designed a series of blocks of the
type Simulink diagram for the different components of the drive units, which then
interconnects to give the required final simulation schemes [1].

We started from mathematical equations describing the system operation,
mathematical equations that we have systematized their functional blocks to implement
software package Simulink.

The amplitude and order harmonic currents depend on the type rectifier
(number of pulses and principle of operation), but the magnitude of harmonic currents
depends on the angle control, a, of the power semiconductor elements [2].

! Associate Professor Eng., Ph.D. University of Petrosani
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2. SIMULATION DRIVE SYSTEM RECTIFIER - D.C. MOTOR

We made the comparison harmonic spectrum depending on the angle of the
rectifier control for three - phase bridge rectifier completely ordered, which is most
common in electrical drives [4].

We realized simulate different angles of the drive to control rectifier (o = 0°,
309, 45°, 60°, 90°, 1359).

The analysis performed following values for harmonics

Harmonics order

a 1 5 7 11 13

Q° 8 1,6 0,95 0,3 0,25
30° 8 2,08 0,63 0,36 0,21
450 8 2,37 0,42 0,39 0,12
60° 8 2,78 0,26 0,4 0,08
90° 8 2,93 0,12 0,41 0,06
135° 8 2,41 0,42 0,28 0,12

We can give these conclusions:

e For a three-phase bridge rectifier most significant harmonic currents are the
order 5, 7, 11 and 13.

e Harmonic currents amplitude decreases with increasing harmonic order.

e The amplitude of the order harmonics 5 and 11 increases with increasing angle
control between 0° and 90° increasing the amplitude of the order 5 being
pregnant.

e Amplitude harmonic order 7 and 13 decreases with increasing angle control
between 0° and 90°, this decrease but with a lower rate than the increase
harmonic order 5 and 11.

3. SIMULATION OF THE OPERATING SYSTEM MADE UP OF A
FREQUENCY CONVERTER AND AN INDIRECT INDUCTION
MOTOR

The drives static frequency converter - induction motor introduce additional
current and voltage harmonics.

3.1.Comparison of harmonic voltage and current frequency

These harmonics are due to the presence of both the inverter voltage, which
due to operating principle, has an output voltage that varies in speed, but also because
the rectifier, which supplies a voltage inverter that is not regulated [1], [4].

The inverter output voltage frequency influence distorting regime introduced
by the static converter.
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In fig.1. we present the simulation results for the output voltage of the inverter
and its harmonic analysis, for the frequencies 40 and 50 Hz.
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Fig.1. Voltage and harmonics spectrum for 50 Hz frequency

From these graphs is observed order harmonics 5, 6, 7, 11 and 12, harmonics
that have significant value. Also it can be seen that the distorting regime increases with
increasing frequency inverter output by increasing amplitude harmonic.

Figure 2 indicates the harmonic order 1 to 13 for the frequencies mentioned

above.
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Fig.2. The voltage harmonics amplitudes for: a) 40 Hz, b) 50 Hz
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The output current of the inverter is influenced by the frequency also, but
distorting regime decreases with increasing frequency. Significant higher harmonics of
the current have order 5, 7, 11 and 13 as can be seen from Fig. 3 - 4.
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Fig.3. Current and harmonics spectrum for 50 Hz frequency
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Fig.4. Amplitudes of harmonic current for: a) 40 Hz, b) 50 Hz

3.2.Harmonics voltage and current for a PWM inverter

The principle of PWM (width modulation) inverter brings significant
improvements for distorting regime introduced by static frequency converters,
especially at high switching frequencies [2], [3].
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Figures 5 - 8 show the simulation results of a static frequency converter circuit
by the DC inverter in its composition being an inverter width modulated (PWM
inverter). Simulations were conducted for a carrier frequency 1000 Hz.
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4. CASE STUDY

We conducted laboratory measurements for the study distorting regime
introduced drives static frequency converter-motors. The measurements were made for
a 3 kW asynchronous motor powered at 380 V [1], [2].

4.1. The measurement resultsin U/ f=ct

The inverter used is recommended to operate the U/f = ct a carrier frequency of
2 kHz. The measurement results are given in fig.9 - 10.
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4.2. The measurement results for vector control

Vector control inverter is used with a carrier frequency of 2 kHz. The

measurement results are given in fig.11 - 12.
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Fig.11. The voltage, current and frequency variations

The measurements were carried out at start-up, and changing the frequency and
voltage at different values of load.

5. CONCLUSIONS

As seen from the results of measurements for U/f, distorting regime is stronger
in case of voltage harmonics than the current ones. Once the frequency changing
decreases the distorting regime so, at a frequency of 45 Hz we got THD = 22.9% (no
load) and THD = 17.5% at full load and at a frequency of 55 Hz, THD = 22.4% (no
load) and THD = 15.8% at full load.

In all cases, the distorted current regime is less than the voltage supplied to the
induction motor. There harmonics of high order, who have powerful influences (eg
harmonic order 40 which has an amplitude of about 30% of fundamental) harmonic
influence due to high frequencies, controls the electric drive.

In the case of open-loop vector commands, distorting regime decreases with
changing the frequency to 50 Hz value (carrier frequency is 2 kHz). It notes, however,
keeping constant distorting regime at idle and under load.
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Fig.12. THD Variation

This was expected considering the advantages of vector control method that
changes the value of the frequency and torque control loops independent task therefore
not influence the distorting regime.
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ANALYTICAL MODELING OF PROTECTION RELAYS

LEON PANA!, FLORIN-GABRIEL POPESCU?

Abstract: A small part of power system, including one or more protection systems, is
modeled by using mathematical techniques: Markov theory, renewal theory, Petri nets and
Monte Carlo simulation. In this paper the Markov models from protection systems are discussed
and analyzed.

Keywords: reliability, protection system, failure to operate, mal-trip, power system.

1. INTRODUCTION

An industrial supply network system consists of a combination of lines or
cables, power transformers and incoming power sources including co generators. The
power cables, overhead lines and transformer form the main supply network, which
provides a reliable power transmission from sources to loads.

A protection system protects the power system from the harmful effect or
faults. a fault is an abnormal system condition, which is in most cases a short circuit
and occurs as a random event. In general, protection systems do not prevent damage to
the power system, they operate after some detectable damage has already occurred.

In this section an overview of protection models used in reliability analysis and
the stochastic models of the protection systems used in other area will be presented.
The models are not discussed in full detail, only the main characteristics are presented.
For more information, references are included.

Of the qualities required of the protection systems [1], [3], the two of main
interest to us here are:

1 PhD. Lecturer, Eng., University of Petrosani
2 PhD. Lecturer, Eng., University of Petrosani
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Selectivity or discrimination - The protection system is effectiveness in
isolating only the faulty part of the system.

Stability - The property of remaining in operation with faults occurring outside
the protected zone.

In other words, the power system protection should isolate the fault and refrain
from action for the rest. These two aspects of the protection lead to two aspects of the
reliability of the protection as defined by the IEC [1].

Start

-

Seti=1

v

Assign the fault location

A

Calculate the fault current
distribution

v

Calculate all relay operation

'

Find all the fastest operation
of relay

!

Find out the fastest operation
of relay store the operation
timetot

. Is completely { ]
=i+l < >
= clear the fault Stop

Fig. 1 The flow chart for the reliability algorithm to clear one
simulated faults

Reliability of protection - The probability that a protection can perform a
required function under given conditions for a given time interval.
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Dependability - The probability for a protection of not heaving a failure to
operate under given conditions for a given time interval.

Security - The probability for a protection of not having an unwanted operation
under given conditions for a given time interval.

Reliability is generally defined as a measure of certainly that a piece of
equipment or system will perform as installed.

In figure 1 is illustrated the flow chart for the reliability algorithm to clear one
simulated faults.

Here the two principal failure modes of the protection appear, namely, failure
to operate and unwanted operation. These two terms will reappear further on, but there
is more to failure of the protection than this. For example, the unwanted operation can
be spontaneous, or due to an event in the power system (often a fault outside the zone
to be protected, i.e. an external fault). The failure can be due to a relay failure, a circuit
breaker failure, a current transformer failure or even due to an error in the calculation
of the setting. The first aspect of the protection to be modeled in a stochastic way was
the fault clearance time [1], [2]. Once the probability density function of the fault
clearance time is known, of the fault clearance time is known, the required time-
grading can be calculated for any given value of the acceptable chance of unwanted
operation. A similar concept is used for stochastic assessment of transient stability [1],

(2], [31

2. SYSTEM PROTECTION MODEL AND RELIABILITY
ALGORITHM

At the occurrence of fault on a power system, the current is almost always

greater then the pre-fault load current in the components in the vicinity of the fault. The
operational time of an overcurrent relay depends on its operating characteristics.

t 4

ts

[
»
Ip [

Fig. 2 Overcurrent relay with definite-time characteristic
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Figure 2 shows the operational time of an overcurrent relay with definite-time
characteristic. Such a relay does not operate (operating time is infinite) as long as the
current magnitude is less than Ip. If the current magnitude exceeds I, the relay operate
after Ts seconds.

In order to design a protection system, one must be able to represent and
evaluate the performance of protection systems. Thus, methods of representing the
performance of relays alone and in relation to other relays of the protection system are
required. In this section, the relay-unit that has the simplest operating characteristic is
introduced. The operating characteristic of any relay can be represented by a set of
relay-units. Moreover, this section presents a method for representing the performance
of a protection system.

A relay-unit (denote by r) is the relay that has a simplest operating
characteristic, as shown in figure 3. Such a relay operates after a pre-set delay times ts,
in case of any fault for which operating quantity q is above the pick-up value gp.

T A

ts

Qo q

Fig. 3 Unit-relay is operating characteristic

R: R1

1 r2 r,

M1

»
»

Fig. 4 Complex characteristics by combining relay-units
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In general, the operating quantity of a relay-unit can be any function of the
currents and voltages of the component being protected.

As overcurrent relay with a definite time characteristic is an example of a
relay-unit with the component current at the operating quantity. Such a relay operates
for all currents above the pick-up setting of the relay. It is possible to set up a relay-unit
that operates for values smaller than the pick-up value and take no action for values
above the pickup. Under-voltage and one step impedance or distance relays are
examples of such a relay.

Due to simplicity of the operating characteristics of relay-units, every relay-
operating characteristic can be represented by a combination of a set of relay-units.

In figure 4 two steps and an inverse characteristic are represented by a
combination of two relay-units. In this paragraph, a small letter “r”” denotes each relay-
unit (e.g. r1, r2) and each protective relay that consist of one or more relay-units is
denoted by a capital “R”.

The dynamic equation for the OC relay operation time calculation is defined
by IEEE standard C37.112-1996 as shown in equation (1):

Ty

[ =1 )
o 1)
where:
t(I) Is the relay disc traveling time from O to operating distance at fault
current |

For the three consecutive fault currents, I, Iz, 13 the tacwa is calculated as
follows:

tyy e +tp tactual
jtidu I tidt+ j L1
01 t 2 tyy+te, 3
ti""tf_z"'i(tactual _tfl_tfz)zl (2)
1:1 tZ t3
2 2 t
Cactual = ztﬁ + tS(l_ Zt_ﬁJ
1=1 1=1 i
where:
t,,t,,t, are the relay operating times at fault current 1,,1,,1,

respectively.
The inverse definite minimum time lag (IDMTL) over current relay (OC)

€6 .9

operating time for “n” steps of fault currents with n consecutive fault currents is shown

in following equation:
n-1 n-1 tﬁ
tactual :Ztﬁ +tn 1_zt_ (3)
i=1 i=1 i
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The protection is here considered to consist of four parts:
Main protection
Backup protection
Breaker failure protection
Circuit breaker

A protection system has two alternative ways in which it can be unreliable it
may fail to operate when it is expected to (referred to as fail-to-trip), or it may operate
when it is not expected to (referred to as mal-trip). This leads to a two-pronged
definition of the reliability of protection systems.

3. ASSUMPTION AND SITUATION DESCRIPTION

The following assumptions are used in modeling the system:
e After a failure to operate, which is followed by a repair, and after maintenance the
relay is working properly.
e The times to failure of a relay (TTF) are independent and exponentially distributed
with parameter p. This means that if a relay is last seen healthy at time t, , than the

chance the relay is dormant at time t is equal to:
P(T<t)=1-e "% fort>t, (4)

Here T is the moment at which the relay becomes dormant.

e Times between short circuits (TBSC) are independent and exponentially
distributed with parameter A. Since short circuits are cleared immediately in the
model, the chance that a short circuit will happen in the next interval of time t is
equal to:

P(T,, <t)=1-¢' (5)

Here T, denote the time to the next short circuit.

e The time between two successive maintenance (TBM) is independent and in a
protection system with “n” relay, the TBM is exponentially distributed with
parameter p/n. All “n” relays are maintained at the same time. The average number
of relays maintained in one unit of time then equalsp.

Due to characteristics of matrix T, the changes in P,(t) will diminish in

t —>oo. With this, the set of differential equations reduces to set of linear equations
having the form:
T-P=0 (6)

where

P a column vector whose i term is steady-state probability of residing in

state i

Since the elements in each columns of matrix A add up to zero, the
determinant of T in zero and, therefore, the equations in (9) are not linearly
independent.

66



ANALYTICAL MODELING OF PROTECTION RELAYS

Each equation is linear combinations of others. To provide an additional
equation, the simple fact is recognized that the state probabilities must add up to 1 at
time t, and therefore:

3P, -1 )
k=1

For this reason, the steady-state probabilities can be obtained by solving the
following matrix equation:

T -P=C (8)
where:
T a matrix obtained from matrix A by replacing the elements of an
arbitrarily selected row p by ones
P a column vector whose i term is the probability of residing in state |
C a column vector with the p™ element equal to one and other elements

set to zero
In figure 5 the standard graphical representation of the Markov model is
shown. The model contains two relays. Short circuit lead to the fail-to-trip if both
relays are dormant at the time of occurrence at the short circuit. Maintenance is
performed simultaneously at both relays. The times between maintenance are

exponentially distributed with parameter %

2p

A 4

R1 UP < R1 DN R1 DN

N |E

BEia
2

Fig. 5 State-space diagram for a system comprising two protective relays

The three states of this model are defined as follows:

State 1:In this state both relays are healthy. The short circuit and the
maintenance do not cause a transition when the system is in this state. Both relays can
fail with rate p. this cause a total transition rate out of state one, equal to 2p.

State 2: In this state one of the relays is dormant. In this case short circuits do
not have any influence on the state of the model because the relay that is healthy will

work properly. Maintenance with rate % will cause a transition to state 1 while the

failure of the healthy relay with rate p, will cause a transition to state 3.
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State 3: In this state both relays are dormant. Maintenance with rate % will

cause a transition to state 1. Short circuits with rate A, while the system is in a state 3
will cause a failure to operate and the repair of both relays that is represented by a
transition to state 1.

The matrix T is:

_ Ll Ll
Ty Ty Ty 2p 2 2
T=|T, Ty Tupi=| 2p - % -Pp 0 9)
T13 T23 Tss 0 p — % -2

u u
-2 = B
p 5 5 0
T =| 2p —%—p 0 ,  Cc=|o (10)
1 1 1 1
Solving equation (8) results in:
Py (2k+u)(2p+u)
: 1
P=T'.C=|P, |= 4p(2n + 11
217 12 +8p? + 20 + 6pp + p2 Pl2h+1) (1)
Ps 8p?

4. CONCLUSION

The method is analytical.
Very general results can be obtained that are independent of the precise shape
of the distribution function.
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LABVIEW SIMULATIONS USED IN A.C. CIRCUITS
BEHAVIOR STUDY

BRANA LILIANA SAMOILA?, SUSANA LETITIA ARAD?

Abstract: The paper shows some of the LabView simulations we made for studying
the a.c. circuits. These virtual instruments are used during the teaching and learning activities
where they turned out to be very helpful for students aiming a better understanding of the
electric circuit behavior under different conditions. We made them simple, easy to use and
intuitive, being an alternative, more flexible, method of practice in the laboratories.

Keywords: virtual instrument, a.c. circuit, electrical engineering education

1. INTRODUCTION

LabVIEW is the acronym for Laboratory Virtual Instrument Engineering
Workbench. Together with specific hardware devices, modern complex systems for
data acquisition and processing can be developed. LabVIEW is a graphical
programming environment that makes not necessary to know a programming language
itself, using algorithms designed as a flowchart (diagram) instead of text instructions.

Programs developed in LabVIEW are called virtual instruments (V1) as they
are like actual instruments [2].

Data entry can be provided in different ways: user input via keyboard or
mouse; extracted from data files located on memory devices; received via video
camera, network card, data acquisition system, etc.

Output data can be displayed on the screen or may be saved in data files so that
these will then be accessed by the user or by other programs.

! Associate Professor, Eng., PhD, University of Petrosani, Romania
2 Professor, Eng., PhD, University of Petrosani, Romania
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2. VIRTUAL INSTRUMENT FOR SIMULATING AN R-L-C SERIES
A. C. CIRCUIT

The simulated circuit is shown in Fig. 1.

I p:¢

R L Ze
—
Ug /_\UL Ue
&

Fig. 1 A. C. series R-L-C simulated circuit

The impedance, Z, of a component or a circuit is defined [1], [7] as:

Z=R+ jX 1)
where R is the resistance, j is the imaginary unit, and X is the reactance.

Capacitors and inductors are both components which can store energy:
capacitors store it in an electric field and inductors in a magnetic field. Ideal capacitors
and inductors are assumed to have zero resistance and so we have pure imaginary
impedance (reactance).

1
X L= C()L, X c= E (2)
X=X -Xc ®3)
The total impedance in a RLC series circuit is given by:
Z=R? + (X, - X, ) 4
When speaking about the phase difference, it can be calculated as:
X R
= arctg— = arccos — 5
@ 9+ Z Q)
The current RMS value is:
U
| =— 6
5 (6)

The voltage U is:
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g:!R_'_L_JL_'_L_JC (7)

All these values are given in the virtual instrument, whose front panel is
presented in Fig. 2 [6].

Virtual voltmeters indicate the RMS voltages across the three ideal elements:
resistor, inductor and capacitor and the ammeter measures the current [3], [5]. A gauge
type control gives the phase difference between the current and the total voltage.

B incercare 1 RLC.vi Front Panel

Fle Edt View Project Operste Tools Window Help
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fi [ <
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A A\ D»
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 eeee— |
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] o E— 0, p 400
Uy
u o 2. e A
150 200 250 s \m

Fig. 2 Front panel of RLC series circuit VI

There is a minimum value of the series impedance, when the voltages across
capacitor and inductor are equal and opposite.

UL=Uc

In an RLC series circuit in which the inductor has no internal resistance it is
possible to have a large voltage across the inductor, an equally large voltage across
capacitor but, as the two are 180° degrees out of phase, their voltages cancel, giving a
total series voltage that is equal to Ur.

At resonance, the voltages across the capacitor and the pure inductance cancel
out, so the series impedance takes its minimum value: Z, = R. Thus, if we keep the
voltage constant, the current is a maximum at resonance.

Such a resonance situation is represented in Fig. 3.

3. VIRTUAL INSTRUMENT FOR SIMULATING AN R-L-C
PARALLEL A. C. CIRCUIT

The simulated circuit is shown in Fig. 4.
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File Edit View Project Operate Tools Window Help
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Fig. 3 Series resonance

I Ip I I
o R
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Fig. 4 RLC parallel simulated circuit

With Kirchhoff’s first theorem, [1], [7] we can write:

I=1,+1, +1 ®

2
U2 U U
12=12+(1, =1 20r|2=—+(———) 9)
R (L C) RZ X|_ Xc

From (13) it results:

LI O S W | )
U \|R? (X, X

The amount 1/Z is called admittance and it is noted with Y. Its components are
the conductance G and the susceptance B.
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Y=G-jB 11)

The front panel of the VI which may be used to study a RLC parallel circuit is
presented in Figure 5 [4].

A parallel circuit containing a resistance, R, an inductance, L, and a
capacitance, C, produces a parallel resonance (also called anti-resonance) when the
resultant current through the parallel combination is in phase with the supply voltage.
At resonance there will be a large circulating current between the inductor and the
capacitor due to the energy of the oscillations. So, parallel circuits produce current
resonance (fig. 6) [1], [3], [6].

Wiew Project Operate

Bl incercare 1 RLC paralel.vi

Fle Edt View Project Operste Tools Window Help

»[2@n]

Fig. 6 Parallel resonance
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4. CONCLUSIONS

In this paper we have presented two of the virtual instruments we achieved to
study the direct current and the alternating current circuits. They proved to be very
helpful during the teaching activities. They are simple, easy to use, flexible, allowing
an intuitive laboratory practice. At the laboratory activities, the students are able to
easily build circuits, to put into practice the theoretical knowledge and experience
safely.

Beside the virtual instruments presented in this paper, we made more VI-s in
order to study Ohm’s law, calculation of equivalent resistance of resistors connected in
series or parallel, resistance measuring methods such as: Wheatstone bridge,
substitution method, comparison method, voltmeter and ammeter method, study of
power distribution in RLC a.c. circuits etc.

All virtual instruments can be used as sub-VI-s in more complex applications.
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DETERMINATION OF DISTRIBUTION NETWORKS
SECTION BASED ON THE MINIMUM VOLUME OF
CONDUCTION MATERIAL

DRAGOS PASCULESCU?, SUSANA ARAD?,
VLAD MIHAI PASCULESCU?

Abstract: Besides a series of technical conditions, choosing conductors has to satisfy
an economical criterion, namely to ensure the minimum cost value of electricity. This paper
deals with the establishment of the optimum section based on the minimum volume of
conduction material.

Keywords: conduction material, distribution network, minimum volume, section.

1. INTRODUCTION

For proper technical operation and financially profitability, conductors from
electrical networks have to simultaneously fulfil a series of conditions which may be
used as dimensioning of verification criteria. In case of networks supplied at one end
and which have concentrated loads, currents from different segments have particular
values [7].

In this regard, constructing a network with constant section of conductors in all
segments is not financially rational. Especially when the lengths of the segments are
high, and their load is very different, there may be obtained significant conduction
material economies, by decreasing the section of conductors once with the decrease of
currents from the segments towards the end of the network [4].

By generally adopting different sections in each segment, there is generated an
issue for determining the number of unknowns equal to the one of the segments, for
this purpose being needed to create an equation system of the same number.

! Lecturer, Ph.D. University of Petrosani
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2. DISTRIBUTION NETWORKS’ SECTION CALCULATION BASED
ON THE MINIMUM VOLUME OF CONDUCTION MATERIAL

We will consider the following single-wire three-phase electrical network
(Fig.1):

P1HQs P2tiQ2 P5+Qs
Un
xS n.x.b S 13,%3. 13 Sz
v
prtiqy p2tiqe p3tigs
(AU ) (AU ,) (AU )
Ri1. X1, Ly
R2. X» L2
R3 X;.Ls

Fig. 1. Three-phase electrical network

where:
Un — network supply voltage;
ri Xi, li - resistance, reactance, length of the i segment;
Ri, Xi, Li— resistance, reactance, length of the network part comprised between
the supply and the i consumer;
Pi+jQi — active and reactive powers circulated over the i segment;
pit+jgi — active and reactive powers circulated on network part comprised
between the supply and the i consumer;
AUai - active voltage loss on the i segment;
Si — section of the i segment;
i=1,23.

The material volume has to be minimal:
V =35, +3S,L, +3S,L, Q)
and:

AU, =AU, +AU,, +AU,, <AU,,, @)
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By replacing in V:

V = 3PP, + 3pP,1; + 3pPyl5
UNAUal UNAUaZ UN(AUa_AUal_AUaZ)

©)

For optimizing this material function (V) is applied the derivatives method:

oG
o(AU )
(4)
o~
a(AU a2)
Solving the system leads to:
S S S

1 2 3
NCRENCRENEGY
For ,,n” segments we will have:
S, =C.\P,;S,=C,{P,; S;=C, /P, ;...... S, =C,P, (6)

In conclusion, the determination of the section in the minimum material
volume hypothesis comes down to finding the Cp constant. In order to perform this,
there have to be followed several steps [6]:

— a specific average reactance is adopted ( X, );
— reactive voltage losses are determined (AU, );
— active voltage losses are determined (AU, ).

Specialized literature shows that for the electrical lines made of cables, the
calculation error is maintained within admitted limits if there are neglected AU, ,

(AU, =0)and AU, =AU ..
Because p, =p, = p; =....... = p, = p (material being the same; n —
number of segments) there may be written:
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SRS \/Eili @)

from where:

Co=—"1— 8
" U, AU, ®

Therefore, the value of sections can be calculated:

Sy :CP\/FI( 9)

These sections are normalized, and for standardised sections are taken from the
catalogue the values of ro and xo parameters. Using these values is determined the

actual voltage losses on the entire line (AU, ), which has to fulfil the following
condition:

AU real — \/§Z(I ai r-i + Irixi) <AU adm (10)
i=1

If the condition is not fulfilled, there are adopted immediately superior sections
and the calculation of AU is performed again.

It is recommended for the sections which result on the network’s segments to
be verified from the thermal point of view also.

In case of operations performed with loads expressed in currents, the following
equations result:

Sl SZ SS
= = = i =1 = C (11)
V I al I a2 \/ I a3 I an I

where la, is the active current on the n segment.

C, constant is calculated using Equation (12):

C =%§n“\/l_aili (12)

I A a i=1

The sections are given by the following:
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S, =C, ;' S, =C,

I, ; I, :S3=C/fls;on S, =C, 1., (13)

Sections’ dimensioning in three-phase networks based on the minimum
conduction material consumption are recommended for electrical lines of high length,
so that the economy of conduction material to cover the cost of power losses.

For radial arborescent networks (figure 2), analytic formulae for determining
optimal sections of power lines are deducted by finding the extremity of the material
function (V), using one of the mathematical methods for optimization and the
following equations:

k=n
" Mol +.[D M, L,
Sp=a——" = (14)
AU a0 M OLO
or indirectly, using the active voltage loss:
AU
AU, = 2 (15)
1+\/|1|a1+ +In|an
O V IaO
where: a = P is a constant which depends on the material and the voltage level;
N
Li, My, Sy
L 4
4, Ma, Sq
Fig. 2. Radial arborescent network
M,=RL;; M, =PFL;...... M, = P,L, —electrical moment of segments.
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Within this method is adopted an additional hypothesis stating that the section
of the main column Sy is equal to the sum of the branches’ sections, namely:

So=5,+S5, +...... +5S, (16)

There results a line with S =ct., but with an equivalent length which is
calculated.

3. CONCLUSIONS

The determination of sections of conductors based on the minimum volume of
conduction material and of the admitted voltage loss is carried out by establishing the
loss of active voltage, admitted for the entire network and afterwards calculating the
sections of segments using the known equations.

In the following are adopted the normalized sections which are the closest to
the ones resulted from calculation, rounded up or down so that by verifying the total
voltage loss to obtain a value as close as possible to the maximum admitted one.

Most high power networks from mining units, but especially the ones from the
power system, city power networks or the ones of large companies, which have a
significant share in the state’s budget, are dimensioned based on this financial
criterion.

Regardless the criterion adopted for choosing the section, it has to be verified
for all technical-financial conditions from the regulations in force.
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VIRTUAL INSTRUMENT USED FOR MONITORING
THE SAFETY SWITCHES FROM THE BELT CONVEYORS

NICOLAE PATRASCOIU!, IOANA CAMELIA BARBU?,
CECILIA ROSULESCU 3

Abstract: In this paper we propose a method for monitoring the emergency stop
devices for belt conveyors, so that it can be identified which the device has been switched
on/off. Depending of the position, on the conveyor route, for the emergency stop device that has
been switched on/off is generates a voltage with a custom value. This voltage is transmitted
using an appropriate protocol for monitoring and reading the voltage values is possible to
identify which of the emergency stop devices has been switched on/off.

Keywords: safety switches, current loop, alarm, belt conveyors, LabVIEW.

1. INTRODUCTION

To stop, in emergency or distress situations, of a conveyor belt for which
normal operation or an intervention during operation by an operator requires a robust
system to block its operation, so that this lock cannot be raised and it can be canceled
only by the direct intervention of an operator.

Mistracking Switches

Safety Switch

Speed Monitor

Slip Monitor

Fig.1. Devices used for monitoring a conveyor belt
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These switches called "safety switches” can be operated through a cable
stretched across the conveyor to which these devices are mechanically connected, as
shown in Fig.1. So by pulling the cable is possible to operate these devices and through
them, and so it is possible to emergency stop the operated conveyor.

It is very important to identify the switch actioned so as to be possible to
identify the cause that determine its operation and also to make possible an evaluation
and elimination of this cause.

The identification can be done locally by means of an optical signal (LED or
lamp) which will switch in the "ON" state (or lit) simultaneously with the safety switch
actuation. This method has the impediment that requires going through the entire route
of the conveyor that may have lengths of tens of meters up to lengths of the order of
kilometers.

Much more advantageous, it is the remote monitoring of these safety switches
disposed on the conveyor route.

For transmission of information about the safety switches state to the
monitoring system can be used the analog transmission of information via the current
loop or the digital transmission for witch can be used the RS-485 bus, using different
data transmission protocols (Profibus, Modbus) [5].

In Fig. 2 presents a current loop that allows unidirectional transmission of
information and it is implemented with two optocouplers, a voltage source and a
resistor.

Input |
T+
-
> Output
DCPower] U1 T- = u2
Supply ™ G’*
=
Rint
R-
Transmitter Receiver

Fig.2. Unidirectional transmission of information via current loop

The optocoupler Ul is emitter and the optocoupler U2, is receiver and the
current value, in this circuit, is given by expression:

II — (VS _Vemitter _Vreceiver)
oop

R @
It can be seen that the current value of the loop current can take different

values if VS voltage is variable, also the loop current variations occur and if the
resistance value RS has different values [1].
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To compensate for this drawback is necessary to use methods and means of
maintaining constant current value and RS VS parameter variations.

2. GATHERING INFORMATION ABOUT THE STATE OF SAFETY
SWITCHES

To gathering information about the state of the safety switches for every device
its contact is coupled with a SPDT type switch with one normally closed contact NC
(A) and one normally open contact NO (B).

Through the NO (A) contact, as long as the safety switch is not acted meaning
the NO (A) contact is open and the NC (A) contact is closed, a resistor with a specific
resistance value is shunted. When the safety switch is operating by opening the contact
A and closing the contact B is connected into circuit a LED through which is possible a
local identification of the operating device.

In Fig. 3 is shown the wiring diagram of the 10 switches Si (i = 1 ... 10) which
will correspond to 10 devices mounted on the conveyor route.

vce

T v

J R11 R12 R13 R14 R15 R16 R17 R18 R19 R20
= 5000 ;5[}00 50002 5000 5000 5000 5000 5000 5000 5000

2 2 7 2 2 2 E 7 2 2 |pan
LED1I/Q LEDZI/Q 7 A A 7 7 A 7 o™ %mum

REEEEGREEE

1. [IkD 2 0kQ 3. Ukﬂ 4..Ukﬂ 5 0kQ E OkQ 8. DkQ 9. DkQ 1D OkQ

Fig. 3. Wiring the 10 safety switches

Resistors Ri (i = 1 ... 10) are the resistances that will be shunted accordingly
with the operating of the safety switches.

Resistors Rj (j = 11 ... 20) limits the current to the LEDs indicator LED 1 ...
LED 10, one for each device.

If is not operate any of the safety switches on the resistance R21 that form a
voltage divider with resistors R1 ... R10 (shunted in this case) will be a voltage drop of
5V (equal with supply voltage VCC).

By operating on of the safety switches on the conveyor route is introduced in
the circuit resistance Ri so that based on the voltage divider relationship will change
and the voltage drop across the resistance of the line, meaning that its value will drop
from 5V to the extent that index and the resistance will increase, given that the values
of these resistors Ri are in arithmetic progression
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By simulation with Multisim, with some results presented in Fig.4, it can be
observe that the size of the output voltage, that is the voltage across the R21 resistor, is
variable relative to the position of the operated safety switch in the conveyor route.
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Flg. 4. Circuit S|mulat|on

In order to transmit the output value toward the monitoring system is needed to
convert obtained voltage to the DC current so as to achieve transmission of information
through the unified current 2 — 10 mA or 4 — 20 mA. This conversion is possible to be
made by the use of a voltage conversion circuit called voltage-current converter. Such
a circuit provides the information transmission lines which may have lengths of
hundreds of meters to kilometers order.

The voltage - current converter having the principle diagram shown in Fig.5 is
a bidirectional converter with differential input and load connected to ground or other
potential without exceeding the dynamic range of the output voltage.

100kQ 100k
+ Ut 0.5% 0.5% V:ov
AS V(p-p): 0V
> R1 R3 V(rms): 0V
V(de): 0V
U3 1: 9.99 mA
l(p-p): 0 A
l Ui I(rms): 9.99 mA
— 5y/| Tensiune preluata de la schema I(dc): 9.99 mA
- de conectare a switch - urilor 5000 Freq.
T RS >0.5%
R2 R4 Rsarcina

100kQ
0.5%

100kQ
0.5%

500Q Probe1
0.5%

Fig.5. Principle diagram of voltage-current converter

By neglecting the static errors of operational amplifiers, based on condition of
the equipotential input (v = v7) for the amplifier U3 and considering VI1 = 0 to
simplify the calculation, we obtain the transfer characteristic expression:
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W R RRR(RAR) v,
’ Rs R1 Rl (R3 + R4) Rs

By imposing the following conditions: R =R, and R,=R,+R; the
expression of the transfer function becomes:

)

: R
———2_.y, 3
"TTRR ®

Since the current loop is used only to transmit information, on the reception is
necessary a reverse current-voltage conversion so that it can be possible to use the data
acquisition systems for data processing [3].

The most simple current-voltage conversion is to use a calibrated Rc resistor,
through which passes the current to be converted, with a resistance value equal to the
load resistance of the converter voltage - current. This conversion, suitable from the
point of view of the functioning, used for converting the current into voltage, is
achieved by means of the operational amplifier, and has the principle diagram shown in
Fig.6.

Convertor curent - tensiune
R2
—\AA—
5000 ‘
o,
0.5% Probel1 | Tensiunea de iesire
i R1 i u4
E V250V
SODDQ AOQ V(p-p): 0V
" 0.5% T o2 V(rms): 0V
( ‘DsmA V(dc): -2.50 V
. I: 5.00 mA
Sursa de curent I(p-p): 0 A
1 I(rms): 0 A
= I{dc): 5.00 mA

Freq.:

Fig.6. The simulation of the current-voltage converter

The output voltage is proportional to the intensity of the input current and the
constant of proportionality (which may serve as scale factor) is the resistance
R=R1=R2.

Exemplification of using of the voltage - current conversion, information
transfer via current loop followed by reverse current - voltage conversion, is shown in
fig.7.

Here is considered the case of the S10 safety switch operation, so that on
output of the switches wiring diagram is obtained the voltage V=1.76 which is
converted into a current 1o0=3.51 mA in order to be transmitted through the current loop
and on the reception this current is converted into voltage Vour=1.76 V, with the same
value as the input.
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500Q  Prohe AO L V(p-p): OV
0.5% By - P V{rms): 0V
1 Convertor tensiune - curent Vip-p): 0V V(dc): 1.76 V
Virms):10) 1:1.76 nA
V(dc): -8.95 uv _ (p-p): O A
:- ‘3-5_"0':“ L I(rms): 0 A
(p-p): I(dc): 1.76 nA
I(rms): 0 A Freq.:
I(dc): -3.51 mA
Freq.:

Fig.7. The simulation of current loop transmission

3. VIRTUAL INSTRUMENT USED FOR MONITORING SAFETY

SWITCHES

The virtual instrument for monitoring the safety switches disposed on the
conveyors route is based on the results obtained by simulating the operation of this
monitoring system.

To check the operation of the virtual instrument is made a simulation of this. In

this simulation, by operating the one of the safety switches, the proper one of 10 switch
configurations is selected.

Fig.8. Front panel for operation of switch S6
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The front panel of the simulated virtual instrument shown in Fig.8 contains
controls represented by the switches Si (i = 1 ... 10) that simulates the safety switches
on the conveyor route. Attached to these controls are LED indicators with role of local
signaling device, corresponding to the operated safety switch. Also on the front panel
are disposed numerical indicators by which is displayed the voltage obtained by
operating each safety switch on conveyor route. If one of the safety switches on the
front is acted, by a string indicator is displayed a corresponding message, along with a
flash and a sound, to attract the attention of the operator.

Simulation of the system for monitoring the safety switches is obtained by
means of the block diagram shown in Fig.9 and that represent the operating program
itself.

=
= Schema 1
st 51@,. 51
& Schema_2 ¢
1 s2fF— Msa
= ; = SWITCH
—éﬁ Schema 3 B
B | saE. ) ;g
Schema_4
2 J [isactvate
f‘.
B | :
— |
5 | O ss
=B Fre
7 | 57, ) 57
2
Schema &
— E BT
=
B L
Schema_10
510 | _— S10[7— 510
5103 | B Tue ~pfg iz
Halt?_ Halt Simulation E iz stop
i— = B

Fig.9. Block diagram of virtual instrument for monitoring system simulation

The program contains two loops, namely:

Control & Simulation Loop, through which an cyclical reading of switches
connection scheme is done to retrieve the appropriate voltage obtained
through operation of one switch located along the conveyor;

While Loop, through which is achieved the voltage signals processing
taken from the switches wiring diagram.

Inside the While Loop structure are used Case structures through which is
selected the acted switch based on the voltage collected from the Control & Simulation
Loop. Once identified the safety switch that is acted a warning is generated and an
appropriate message it is displayed by a string indicator. This indicator, without an
operation on safety switch, is hidden.
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The real functionality of the monitoring system implies the real-time data
collected about the status of the safety switches.

As shown above the physical support for data collected from safety switches
state is the voltage obtained from resistive divider shown in Fig.3, so that real-time

monitoring means reading this voltage. In this case the block diagram representing the
real-time monitoring program is shown in Fig.10.
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Fig.10. Real-time monitoring program

The voltage collected from the resistive divider, via the DAQ Assistant
function, is converted into a string value via the Convert from Dynamic Data Express
VI that convert the dynamic data type to numeric data, boolean data, waveform,
matrices and other data necessary to be used with other functions or SubVI.

The values of these data are compared with the limits determined by the

simulations presented above, using the In Range and Coerce Function that determines
whether the x value falls within the specified upper and lower limit of the data.
Framing in the field is made such that the voltage obtained by resistive divider and
presented in Table 1 roughly represents the arithmetic mean between the upper and
lower limit. In this way the used values are compensated and any deviation of the
actual values compared with those calculated and presented in Table 1 is eliminated.

Table 1. Values calculated using resistive divider

Safety S1 | s2 | s3 | s4 | s5 | s6 | s7 | s8 | s9 | sio
switch

Voltage [V] | 2,798 | 2,338 | 2,134 | 2,017 | 1,040 | 1,885 | 1,843 | 1,811 | 1,784 | 1,762
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The range bounded by the two limits that will be determined will activate the
LED which corresponds to the operated safety switch. The same interval, through the
Case structures, is used to select the number of the safety switch. This number will be
added to the string "SWITCH...IS ACTIVATED" resulting in the message "SWITCH
... IS ACTIVATED, where i = 1 ... 10 is the number of the operated safety switch.

I —

o | o J o [ o Jus7] 0o | o | o | o | o

Fig. 11. The front panel of real-time operation
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Fig. 12. Real-time monitoring program
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In fig.11. is presented the front panel of the virtual instrument which is used for
real-time monitoring of the safety switches disposed on route to the belt conveyor and
contains the same type of items shown in fig.9.

It sees that the safety switch S6 operation is identified even if the voltage is not
exactly 1.885 V but if they fall within the limits [1.90 ... 1.85], as highlighted in the
exemplification case through the medium of the block diagram which is shown in
Fig.12.

4. CONCLUSIONS

Solution for monitoring the safety switches disposed on conveyor belt route,
proposed by this paper has the advantage of simplicity and flexibility. The number of
devices is not imposed; it can be set according to the length of the conveyor belt or its
configuration. Based on their number can be obtained, through virtual instrument
simulation, the voltage values and then the boundaries which include these values.
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