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In the step signal oscillogramme for determining the ignition current (see 

figure 6) it can be noticed that the step signal has the value of 144 mV on cursor a. 

 

 
Fig. 6. Oscillograme of the step signal for determining the ignition current 

 

The value of 144 mV represents the value of 0,8 A on the circuit used for the 

experiment, resulting from the followin calculus:  

 

Rcirc = 0,18 Ω     U = 144 mV = 0,144 V 

 

U = R·I, I = U / R = 0,144 / 0,18 = 0,8 A, the value of 0,8 A results 

 

After configuring the step signal at the above mentioned values, experimental 

tests had been performed, which is initiation of 5 electric detonators step 2, in series. 

The results show constantly that none of the 5 detonators ignited. 

The testing principle is to determin the non-ignition current of electric 

detonators when applying the non-ignition safe current declared by the manufacturer, 

which is one of the electric parameters specific to electric detonators.  For the 

detonators used in the experiment the safety non-ignition current has the value of 0.18 

A. Duration of the squared electric signal is 10 seconds. The current impulse recorder 

had been connected - i.e. the oscilloscope - and the signal configuration module had 

been adjusted so as to obtain the value of 0,17 A. 

In the step signal oscillogramme for determining the ignition current (see 

figure 7) it can be noticed that the step signal has the value of 20.4 mV on cursor a. 

 

 

 

 

 



RESEARCHES REGARDING DETERMINATION OF THE ELECTRICAL PARAMETERS 

FOR SAFE AND RELIABLE INITIATION OF THE ELECTRICAL DETONATORS 

 

 
Fig. 7. Oscillograme of the step signal for determining the non-ignition current 

 

The value of 20,4 mV represents the value of 0,17 A on the circuit used in the 

experiment, resulting from the following calculus:  

 

Rcirc = 0,12 Ω     U = 20,4 mV = 0,0204 V 

 

U = R·I, I = U / R = 0,0204 / 0,12 = 0,17 A, results the value of 0,17 A applied  

 

After configuring the step signal at the above mentioned values, experimental 

tests had been performed, namely two times initiation on a step 8 detonator and on a 

step 9 detonator. Results show no ignition in any of the two situations. 

 

3. CONCLUSIONS 
 

Testing of electric detonators is of a particular importance taking into 

consideration the explosion risk and this is the reason why the requirements regarding 

detonators electric parameters have to be fulfilled aiming to obtain a safe and reliable 

igniton of detonators. 

Analyzing the safety requirements of electric parameters of detonators pointed 

out a need of improving the testing methods and procedures and to achieve this goal, a 

power supply should be aquired, capable to generate high currents. Thus, the ability of 

performing tests on the whole range of electric detonators is extended, from the low 

intensity ones up to the high intensity electric detonators. 
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Abstract: In order to benefit from all the advantages of the intelligent production of 

tomorrow, the connection between real products and the processes based on digital data are 

necessary. The basis for this is that the entire construction plan and manufacturing cycle are 

described digitally. Production is then easily simulated or configured at any time, and can 

thereby be optimized. The world is changing and it is becoming more digital, intelligent and 

flexible. 
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1. INTRODUCTION 

 

Data exchange as well as the design of the contents to be communicated must 

fulfill the requirements of the production systems. To be successful in the future, 

standards and guidelines must be open o development, that means as changing 

framework conditions and new business models can be provided too. 

Consistently digital description 

Products and processes are first of all created virtually and are fully 

transparent. The basis for this is that the entire construction plan and manufacturing 

cycle are described digitally. Production is then easily simulated or configured at any 

time, and can thereby be optimized. 

Easy to install 

The consistent data flow from configuration through to the finished marking 

label ensures fast, error free installation and manufacturing. The assembled connectors 

contribute to this, with which distributed devices can be networked with no need for 

tools. 

Communicative and secure 

Intelligent mechatronic system communicate across locations and companies 

using network infrastructure and networks distributed structures and forms the basis for 

flexible, self optimizing production processes and electrical faults is a key requirement. 
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Autonomous and adaptable 

Unexpected events do not lead to production downtimes or reductions in 

quality due to intelligent collaboration that work autonomously and safety functions 

are more important. 

Resource efficient 

Energy and material usage can be adapted individually and precisely, as all the 

data required for intelligent management is available. This means that only the energy 

that is actually required is used [2]. 
 

2. QUICK EVOLUTION OF INTELLIGENT PRODUCTIONS 

 

To grow the market share, it is necessary to design, construct and test the 

different product, and this indeed an expensive and time consuming process.  

Although, the enabled benefits applied to products led to the quick evolution of 

the electrical insulation market. In the middle of 70s years, miniature circuit breakers 

were properly standardized and this enabled a great increase in the protection of 

installations and goods. Ten years later, residual current devices become much safer 

with the help of standardization process, which enhanced the protection of people 

against electrical shocks. In the middle of 90`s, surge protection against the lighting 

was standardized and in the middle of 2000`s by energy efficiency and home control, 

making electrical related products much safer for the end-user. So, the evolution since 

the mid of70s until nowadays has enabled improved installation methods and increased 

people’s safety [6]. 

 

2.1. Forecast for the future. New technology to reduce greenhouse gas 

emissions 

 

The total energy consumption will double between now and until 2030. The 

urgency about preserving the climate means we’ve got to halve CO 2 emissions the 

next 40 years. So we have got to improve the energy intensity of everything we do by a 

factor of four [1].  

Since the 1975 there was an important growth trend of the different elements 

of the electrical installation market, develops technologies and solutions to manage 

energy and process in ways that are safe, reliable, efficient and sustainable in order to 

sustain innovation. 

Also, ensuring the compatibility between LED light sources and controls will 

help ensure that end users are satisfied with the technology and the risqué of arc fault 

detection is reducing till the circuit protection is worldwide in increasing (fig.1). 

Satisfied customers are the key to encouraging the mass adoption of LED, reducing 

energy usage and greenhouse gas emissions. As products and systems become more 

complex and inter-related such collaboration is the only way to stay ahead of the new 

market realities [7]. 
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Fig.1. The electrical installation market 

 

2.2. Responding to customers’ needs 
 

The local companies are seeking to improve consumer’s lives through the 

development of practical solutions. This enables to offer products to consumers in 

different regions which are closer to the conditions and reality of their local usage, 

increases the company’s knowledge regarding the technological and regulatory trends, 

which can lead to product innovation and strengthening of their business model. 

Faced with the gradual, global phase – out of incandescent lamps is necessary 

to adapt the solutions to the evolving market. Light emitting diode (LED) lighting 

emerged as the preferred replacement; but LED lamps have unique electrical 

proprieties which mean control devices traditionally used for incandescent lights are 

not appropriate for LED light control [4].  

Customers were faced with new challenges of compatibility and performance 

issues.  

Updated many of products to work with the various LED lamps, the company 

also realized that the availability for dimming LED lights would make product 

development easier, product selection less confusing and less risky to the customer, 

and ultimately result in operational savings across the board. 

In the late 1950s, the company’s founder, Joel Spira, invented the solid 

dimmer using a thyristor, which generated less heat, used less energy than the rheostat 

that is replaced and it could fit into standard wall box. This provided people with the 

ability to vary the intensity of lights in their homes- something that they would never 

previously have dreamt of doing [8]. 
 

3. INCREASING THE OPERATIONAL COSTS 
 

In order to control systems globally and to ensure the end customer is satisfied 

with their performance, LED lamps and dimmers will need to meet new specifications, 

that will help reduce the amount of required compatibility testing for lighting control 
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and lamp companies alike, reducing costs and accelerating product development for 

many[3]. 

The service operators are always looking for cost-effective technological 

solutions as: quality, maintainability and reliability are also key factors that are 

considered for all purchases and technology adoptions. 

Rather than individuals without the specific knowledge misinterpreting 

technical requirements, leading to unnecessary requirements being implemented, the 

improved relationship with suppliers produces collaborative efforts in setting up some 

guidelines for proper technical requirements [5]. 

While condition monitoring technologies help to ensure the health of systems, 

adherence to processes and standards is equally crucial for the company to perform at 

its optimal level, so adopting international standards, provide a structured manner of 

defining technical specifications and clear tolerance limits for procured equipments and 

materials. 
 

4. CONCLUSIONS 
 

Manufacturing companies can use the increasing demands in terms of 

flexibility, individuality, and efficiency as an opportunity to be competitive over the 

long time. The system operators need efficient solutions and tools to operate the power 

systems in such a way to meet the economic and regulatory requirements. 
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Abstract: For any circuit, the cable size selected should not be less than the largest of 

the sizes calculated to meet the above limitations (this is the smallest size which will meet all of 

the requirements). In practice, the current-carrying capacity will be found to prevail in short-

run/high-current circuits while voltage drop considerations will usually prevail in long-run/low-

current circuits. It is unusual for short-circuit temperature requirements to determine the 

conductor size required for low voltage cable circuits. 
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1. INTRODUCTION 

 

As power flows along a transmission line, there is an electrical phase shift, 

which increases with distance and with power flow. As this phase shift increases, the 

system in which the line is embedded can become increasingly unstable during 

electrical disturbances. Typically, for very long lines, the power flow must be limited 

to what is commonly called the Surge Impedance Loading (SIL) of the line. 

Surge Impedance Loading is equal to the product of the end bus voltages 

divided by the characteristic impedance of the line. Since the characteristic impedance 

of various HV and EHV lines is not dissimilar, the SIL depends approximately on the 

square of system voltage. Stability limits on power flow can be a low as 20% of the 

line’s thermal limit [1, 3, 4, 5, 6]. 

In addition to electrical phase shift, voltage magnitude decreases with distance. 

Generally, for transmission lines, the maximum allowable drop in voltage is limited to 

between 5% and 10% of the sending end bus voltage. The power flow (in MVA or 

MW) that corresponds to the maximum allowable decrease in voltage magnitude is 

called the line’s voltage drop limit. As with phase shift, a transmission line’s voltage 

drop limit decreases with transmission distance and is generally higher than the line’s 

thermal limit for short lines but less than the line’s stability limit for very long lines.  
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Voltage drop limits on power flow can be as low as 40% of the line’s thermal 

limit. Voltage drop limits may be increased by the addition of shunt capacitors at the 

end of the line. Such solutions are typically much cheaper than rebuilding the line [1, 3, 

4, 5, 6]. 

 

2. ANALYTICAL MODEL 
 

For to simplify the comparisons to be made, it is noted with [1, 3, 4, 5, 6]: 

P0 the power for which the section is optimal in terms of investments and 

losses  

Pi the corresponding power at the maximum permissible intensity 

Pu the corresponding power at the maximum allowable voltage drop. 

In the case of medium voltage electrical networks, in general, for a given 

section there is the situation: ui0 PPP  . It has been seen in the previous paragraph 

that the optimum current density at these network categories is in the order of 0.6 to 0.8 

A / mm2, while the maximum allowable density is in the order of 1.5 to 2 A / mm2. For 

these types of networks, consider the cost of the losses before fixing the conductor 

sections of an electrical line. 

On the main sections of the lines we will have: iu0 PPP  , if the network is 

radially arbores cent and not too stretched, or i0u PPP   otherwise. 

In lesser situations encountered in practice, there is the situation that: in the 

particular case of low-voltage electrical networks. 

In order to highlight the above-mentioned aspects, compare P0 and Pu on a 

major artery of an air MT departure, having the length L and the s-section. To begin 

with, it is assumed that the branches are distributed concentrically across the length of 

the artery. Also, section s being indicated will have to take into account the specific 

reactance x0 of the conductor. 

Returning to the relation (1), it can be seen that it can be written in the 

following form: 
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In relation (1), the active power is expressed in MW, the length of the line is in 

km, and the rest of the magnitude has the meaning given in this paragraph. 

At the same time, it should be noted that in the case of medium voltage 

networks of 20 kV, the voltage drop is limited to 7.5% and in the case of 6 kV 

networks the maximum allowable voltage drop is 5%. By replacing these values in the 

above relation we finally get: 
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3
2
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Taking into account the relation (3), for the main sections of the aerial or 

underground electric power networks, the following results in the end: 
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To determine the maximum length of an electrical line, the condition is: 

iu PP  , from where it finally comes: 
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Analogically, the maximum length can be determined in the case of a medium-

voltage main artery, in which the derivations are assumed to be evenly distributed 

throughout the artery length. 

In this case, the voltage drop in relative values on the electric line is given by 

the relation: 
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Finally, the expression of the maximum length for an aluminum conductor 

LEA is: 
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In order to concretize the above-described results, an electric conductor line 

with aluminum conductors is taken into account, with the following data: Ωmm2/km, 

Ω/km, and kV, the ultimate expression of the maximum length, in km: 
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At the same time, determine the optimal section and the optimal current 

density for the previously analyzed line, and the parameters of the electric line taken 

from, resulting in: 
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Similarly, the analytical expression of the maximum length in the case of a 

uniform distributed distribution network is: 
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In the figure 1 shows the value of the length limit resulting from relations (8) 

and (11). 

 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0

5

10

15

20

25

30

35

T [h]

L
m

ax
 [

k
m

]

 

 

s=70 mmp

s=95 mmp

s=120 mmp

s=150 mmp

s=185 mmp

s=240 mmp

 
a) 

 



SIMULATION OF THE MAXIMUM LENGTH OF 20 KV OVERHEAD POWER LINES 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0

5

10

15

20

25

30

35

40

T [h]

L
m

a
x
 [

k
m

]

s=70 mmp

s=95 mmp

s=120 mmp

s=150 mmp

s=185 mmp
s=240 mmp

Pu < P0

Pu > P0

 
b) 

Fig.1. The corresponding power at the optimal section and the corresponding power at the 

maximum voltage drop to a 20 kV LEA 

a) LEA AI with uniformly charged loads 

b) LEA Al with uniformly distributed tasks 

 

The maximum voltage reached is called critical voltage, which corresponds to 

the maximum power transported and is also called critical power. 

In case of MT derivations for an OHL equipped with conductors of 35 mm2 

Ol-Al, it admits a maximum intensity of 135 A, which at 20 kV leads to a transmission 

capacity of Pm = 4 MW. 

This value of Pm is higher than the required power, generally taking into 

account local climatic conditions. 

 

3. CONCLUSIONS 

 

In the case of a medium voltage electrical network (LEA), which has the 

possibility of looping in the event of an incident, the voltage drop in the fault scheme 

may be higher than in the normal operating circuit, so that for a relatively short time 

allows to exceed the upper limit of 7.5% indicated above. In the case of electrical 

networks (LEC 6 kV) the maximum voltage drop is 5%. 
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In general, for a given electrical network and without taking into account the 

permissible thermal limit and the maximum allowable voltage drop, there is an active 

power limit that can be transported and should not be exceeded. 

While the maximum power is not reached, the voltage increase in the 

secondary of the transformer due to the change of the socket is superior to the dimming 

of the primary voltage due to the decrease of the impedance. 
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Abstract: The electrical equipments are nonlinear loads for a.c. electrical webs. So, 

some reactive components in absorbed currents and important harmonics are appearing. The 

reactive components and the harmonics lead to a low power factor, a less efficiency, the 

electromagnetically interference phenomena for the closer equipments or an overheating of 

power transformer. Due to aspects, a lot of internationals agencies have imposed some 

restrictions above the current harmonics shat by power equipments. 

 

 

Key words: current harmonics, power factor, distortion effect. 

 

 

 

1. INTRODUCTION 

 

The linear loads can have only the diphase current effect due to their reactive 

components, but the nonlinear loads are causing the absorbed current distortion in first 

of all and then some diphase eventually. Most of electrical equipments are nonlinear 

loads so will bring the current harmonics and the degradation of the power factor. It can 

emphases about the harmonically pollution.[1] 

In case of supply with a harmonically voltage, the power factor PF is given by two 

factors as: the effect of distortion current wave and the effect of current diphase.  

Harmonics have existed from the earliest days of the industry and were (and still are) 

caused by the non-linear magnetizing impedances of transformers, reactors, fluorescent 

lamp ballasts, etc… In addition, power electronic devices have become abundant today 

because of their capabilities for precise process control and energy savings benefits. 

However, they also bring drawbacks to electrical distribution systems: harmonics. The 

definition of the power factor doesn’t show the using level of available power in the 

electrical web in the deformed regime, because the harmonically sources even are the 

nonlinear receptors not the generators.  It is necessary to have in view the electrical 

energy quality in the interface node of supplier – customer taking in account the 

extending of nonlinearity of loads.[7] The supplier has the duty to deliver a voltage 

which has the wave characterized by the true value of power factor of distorting the 

accepted limit. For the low and average voltage webs the total distorting factor must be 

under 8% according to the European Standards EN 50160. 
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The accepted levels of harmonics are prescript by the same standard, too. The 

supplier requires some limits of perturbation determined on the current wave as the 

voltage does not be affected and to respect some standards quality indicators. The 

devices used for monitories an analysis of electrical energy quality are showing two 

values, one for the fundamental harmonic DPF and another one for the total power 

factor PF. Between these values can appear large difference and an uninformed 

energetic engineering can take wrong decisions for compensation measurements of 

reactive power using battery of capacitors which can affect the quality energy due to 

the amplification of harmonics.[2] 

1 DPF = 1cos = 
1

1

S

P
     (1) 

 

PF – the total power factor: 
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     (2) 

 

The PF includes the influences of harmonics above the active power and the 

apparent power giving information about the efficiency of the active power.  The 

active power in the no sinus regime is given by the sum of the active powers 

corresponding of which harmonics: 
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1P - is the fundamental active power 

1P  = 
111 cosIU    (3.1) 

 

HP - is the active power of each harmonic 
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S1- is the apparent power of fundamental  S
1
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I
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S- is the harmonically apparent power 
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The power factor can be defined by introducing the distorting factor THD for 

current and fort the voltage. 

DIk ITHD  = 

1I

I H = 
2
1

1

2

I

I

h

h
               (5) 

 



THE MODERN APPROACH OF POWER FACTOR 

DUk UTHD  = 

1U

U H = 
2
1

1

2

U

U

h

h
               (6) 

 

So, 

S

P
PF  =

22

1

1

H

H

SS

PP




= 

    

 2

1

2

111

/1

/1/

SS

PPSP

N

H




=

  

 222

1

1

1

/1

UIU

H

THDTHDTHDTHD

DPFPP




  (7) 

 

The second definition of distortion power factor in (1.7) is suitable for use 

when THD U  < 5% and THD I  > 40%, which is true for the majority of the non-linear 

loads presented in this thesis. However, all DPF values presented are derived from the 

full definition. From the definitions, it is theoretically possible to improve the true 

power factor by reducing the phase angle between the voltage and current fundamental 

components or by lowering the harmonic currents. Due to the distorting residue of the 

active power is more lower than the fundamental active power 
1PPH   , so 

1
1


P

PH . For THDU < 5% and THD
I
> 40%, the relation between the total power 

factor and the fundamental power factor is : 

 PF DPF
THDI


 21

1
= 1

1 cos
I

I
    (8) 

Where: I
1
- is the effective value of fundamental component of current; 

I- is the effective value of no sinusoidal current; 

1 - is the phase between the fundamental component of the current and the 

voltage waves [1]. 

 

2. THE MEASUREMENT FLUX SOURCES OF POWER FACTOR IN 

NO SINUSOIDAL STAGE 

 

The quality of value measurement process is assessed through the measurement 

fluxes. For the power factor the fluxes sources are: 

- the nonlinear character of input converter as voltages transformers and the 

current transformers or amplitude/frequency characteristic of these 

measurement devices which were designed to work for sinusoidal stages; 

- the adoption of measurements ways based on the functional and working basics 

incompatible with the behave stages. There are a lot of situations when the 



MARIA DANIELA STOCHITOIU, ILIE UTU, LILIANA SAMOILA 

power factor is calculated as an average value on a period of time (account 

period), based on setting down active energy W a and reactive energy W r . The 

errors of reactive energy measurements are increasing even in non sinusoidal 

operating and sinusoidal operating but unsymmetrical. 

22

ra

a
medmed

WW

W
PF


  10  med            (9) 

 

-  the improperly choice of tariff period. The power factor persuade using the 

first relations it is possible do not reflect the real situation where can appear important 

perturbations, if on the adopted measure period the average power factor fulfill the 

condition to be equal with the neutral power factor, when the load is varying;  the 

systematically errors of digital measurement devices;  the measurement method as 

using two or three active systems for one digital meter for measurements in three 

phases circuits can lead to different results;   the implementation of different 

definitions in microprocessors [5]. 

 

3. THE CORRECTION METHODS OF POWER FACTOR 
 

The importance of determining the power factor is made by the tariff system for 

punishing the customer who increases the power losses in the electrical system, 

necessitating the power factor value in the delimitation point connection and the 

neutral value of power factor. 

The correction capacitors can be used for getting right the the phase angle 

which determines a low value for power factor. It has to verify if the deforming stage is 

not emphasizing, some possible resonances can determine overvoltage which provoke 

the damages of electric components. The energy bill can rise due to operating in 

capacitive character. If PF is more than10% of DPF the current harmonics determine 

the decrease of power factor. If the harmonics level is suggestive it can use the active 

harmonics conditioners for diminution the deforming stage but there appears an 

important capacitive power contribution. The increase in nonlinear loads has led to 

harmonic distortion in electrical distribution systems. Although capacitors do not cause 

harmonics, they can aggravate existing conditions. Harmonics typically seen on a 

power system can be subdivided into two distinct categories by the nature of the 

problems they create and the remedies they usually require [4]. 

A discussion of power system harmonics is incomplete without discussing the 

effects of power factor correction capacitors. In an industrial plant containing power 

factor correction capacitors, harmonic currents and voltages can be magnified 

considerably due to the interaction of the capacitors with the service transformer. This 

is referred to as harmonic resonance or parallel resonance. For a typical plant 

containing power factor correction capacitors, the resonant frequency (frequency at 

which amplification occurs) normally falls in the vicinity of the 5th to the 13th 

harmonic. Because nonlinear loads typically inject currents at the 5th, 7th, 11th, and 

13th harmonics, a resonant or near-resonant condition will often result if drives and 

capacitors are installed on the same system [6]. 
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In practice, power factor correction (PFC) techniques will influence both. 

There are two general forms of PFC, active (a-PFC) and passive (p-PFC). As the name 

suggests, a-PFC utilizes active electronic components to control the harmonic 

emissions. Due to the active control, the resulting input current waveform is very close 

to the ideal sinusoid, with a displacement power factor very close to unity and a very 

low THD I [7]. 

 
Fig.1. Active power filter correction 
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Time (ms)    Harmonic number 

Fig.3. Input current waveform and harmonic content for characteristics Active filter 

 

For stricter harmonic legislation, it may be necessary to include additional 

passive components in the circuit to satisfy harmonic limits. This is classified as 

pasive-PFC. The most common p-PFC approach in the power electronics load category 

is to include an additional inductance in the conduction path to reduce the harmonic 

emissions. As inductors oppose the change of current, this will effectively reduce the 

rate of change of the current pulse and ’smooth’ the input current waveform. 

 

4. CONCLUSIONS 

 

For a typical plant containing power factor correction capacitors, the resonant 

frequency (frequency at which amplification occurs) normally falls in the vicinity of 

the 5th to the 13th harmonic. Because nonlinear loads typically inject currents at the 

5th, 7th, 11th, and 13th harmonics, a resonant or near-resonant condition will often 

result if drives and capacitors are installed on the same system.  

There are numerous benefits to be gained through power factor correction. 

These benefits range from reduced demand charges on your power system to increased 

load carrying capabilities in your existing circuits and overall reduced power system 

loses. And the benefits of power factor correction aren’t just limited to the balance 

sheet; there are also huge environmental benefits associated with power factor 

correction, which means your company is reducing its carbon footprint and helping the 

environment. 
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Abstract: Where electrical apparatus is to be installed in areas where flammable 

gases, vapors or mists may be present in the atmosphere, protective measures are applied in 

order to reduce the likelihood of explosion due to ignition by arcs, sparks or hot surfaces, 

produced either in normal operation or under specified fault conditions. 

Protective measures aim to reduce, to an acceptable level, the likelihood that the 

electrical installation could become a source of ignition. 
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1. INTRODUCTION 

 

Evaluation of equipment designed to operate in potentially explosive atmospheres, in 

purpose of certification, represents an important aspect considering the existing 

explosion risk which has to be minimized in order to ensure people's health and safety, 

as well as to prevent goods damage and protection of the environment. The evaluation 

of equipment designed to operate in potentially explosive atmospheres is made by 

assessment of the technical documentation and tests applied on equipment test samples. 

The equipment operating in hazardous explosive atmospheres has to be 

subjected to certification procedures, according ATEX Directive 2014/34/EU 

(transposed in Romanian legislation by Government Decision no. 245/2016) (Directive 

2014/34/EU, 2014). 
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For the evaluation of explosion-proof characteristics of electrical equipment, 

the provisions of harmonized standards from the SR EN 60079 series are used. The 

standards SR EN 60079-0 (Explosive atmospheres. Part 0: Equipment. General 

requirements) and one or more of the standards containing the specific requirements 

for the type(s) of protection applied to equipment (ex. SR EN 60079-1 for the type of 

protection flameproof enclosure "d", SR EN 60079-7 for the type of protection 

increased safety "e", are used for performing the assessment. For evaluation of 

explosion-proof electrical equipment, these shall be also subjected to type tests. 

In the standard SR EN 60079-0 are indicated the type tests to which all the 

explosion-proof electrical equipment shall be subjected and the order in which these 

tests shall be performed. 

 

2. TERMS AND DEFINITIONS 

 

explosive atmosphere 

mixture with air, under atmospheric conditions, of flammable substances in the 

form of gas, vapour, mist or dust, in which after ignition, combustion spreads 

throughout the unconsumed mixture. 

group (of an electrical apparatus for explosive atmospheres) 

classification of electrical apparatus related to the explosive atmosphere for 

which it is to be used. 

Electrical apparatus for use in explosive gas atmospheres is divided into two 

groups:  

– group I: electrical apparatus for mines susceptible to firedamp;  

– group II: (which can be divided into subgroups): electrical apparatus for 

places with an explosive gas atmosphere, other than mines susceptible to firedamp 

– group III: (which can be divided into subgroups): electrical apparatus for use 

in places with an explosive dust atmosphere, other than mines susceptible to firedamp 

maximum surface temperature 

highest temperature which is attained in service under the most adverse 

operating conditions (but within recognized tolerances) by any part or surface of the 

electrical apparatus, which would be able to produce an ignition of the surrounding 

explosive atmosphere 

The most adverse conditions include recognized overloads and fault conditions 

recognized in the specific standard for the type of protection concerned.  

The relevant surface temperature may be internal and/or external depending 

upon the type of protection concerned. 
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type of protection 

specific measures applied to electrical apparatus to avoid ignition of a 

surrounding explosive atmosphere 

flameproof enclosure “d” 

type of protection in which the parts which can ignite an explosive atmosphere 

are placed in an enclosure which can withstand the pressure developed during an 

internal explosion of an explosive mixture and which prevents the transmission of the 

explosion to the explosive atmosphere surrounding the enclosure 

increased safety “e” 

type of protection applied to electrical apparatus in which additional measures 

are applied so as to give increased security against the possibility of excessive 

temperatures and of the occurrence of arcs and sparks in normal service or under 

specified abnormal condition. 

 

3. DEVELOPED TESTING TECHNOLOGIES FOR VERIFYING 

PARAMETERS OF FANS EQUIPPED WITH ELECTRIC MOTORS 

 

The evaluation of explosion-protected electrical equipment is carried out 

taking into account the requirements of the reference standards: SR EN 60079-0 

(which includes the general requirements for all explosion-protected electrical 

equipment) and the standards specific to the types of protection involved in the 

manufacture of the equipment. 

For evaluation, as appropriate, explosion-proof equipment must be tested. 

Tests and checks to be made to explosion-proof electrical equipment in 

accordance with SR EN 60079-0 include the verification of the parameters of electric 

motors acting on a fan. 

Verification of fan motor parameters must be applied to fans up to 5 kW, with 

the fan pad mounted directly on the electric motor, ie the engine is part of the fan. 

These requirements apply to fans (eg room fans) with the same EPL inside and 

outside the fan casing, intended for use in the same area inside and outside the casing. 

Where ventilation housings are designed to separate a dangerous atmosphere from the 

interior of the casing to another hazardous atmosphere outside the casing, additional 

requirements, such as casing tightness requirements, should be considered. 

There are no premise ventilators in the Ma, Ga, and Da EPL because these 

applications are considered to transfer the flammable process environment and not a 

ventilation function that transfers the air. 
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The most important nominal parameter for an electric motor that must be 

observed for its correct choice and operation is the rated voltage, usually denoted Un 

and indicated in [V] or [kV]. This is the highest standard voltage value (for DC electric 

motors) and the highest effective voltage (in the case of AC motors) for which they are 

designed and built to guarantee their operation long lasting, without damage (of the 

usual insulation) to disrupt the subsequent operation. 

The actual voltage at which an electric motor operates is called a service 

voltage, usually denoted Us, at a limit equal to the rated voltage. During the operation 

of electric motors they are exposed, usually for a limited time, to the action of voltages 

higher than the nominal voltage, called over voltages, which they must bear without 

damaging them. Atmospheric overvoltage, but also overvoltage over voltages, can be 

highlighted by the circuit in which the motor is incorporated and when they occur. In 

order to withstand these surges, the insulation of the electric motors is characterized by 

a holding voltage, higher than the nominal voltage, against which even an insulation 

safety coefficient can be defined. The holding voltage is confirmed by testing of the 

insulation of the electric motors and distinguishes between the standard voltage pulse 

and the holding frequency at the industrial frequency. 

The block diagram of the bench for parameter checking that meets the test 

requirements specified in the standard and which will allow the stand to be put into 

practice is according to Fig. 1. 

 
Fig.1. The block diagram of the bench for parameter checking 

SC - backpressure source; 

CAsc - power source for backpressure; 

CF - frequency converter; 

IP - digital pressure gauge; 

t - temperature indicator; 

A - current indicator; 
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V - voltage indicator; 

N - speed indicator; 

TP - pressure transducer; 

Data Recording ID; 

E - equipment for testing; 

CAE - box power equipment for verification. 

 

It should be stressed that the value of the nominal voltage, but also the 

functionality of the electric motor, decisively influences its gauge. 

The nominal voltage values are established by STAS, in line with the 

regulations of the International Electrotechnical Committee (IEC), so that a typing of 

the electric motors comes from this point of view. For areas of special use, mining 

equipment, traction electrical, etc., "abnormal" values of the nominal voltage of the 

electric motors specific to these installations may occur. 

The second important parameter for electric motors is the nominal current, 

designated In and usually indicated in [A]. This is defined as the maximum typed value 

(maximum effective for AC motors), which passes the current path of the electric 

masonry according to the expected operation (even for an unlimited period of time), 

does not produce any heating or other construction components, performs heatings at 

temperatures exceeding the permissible limits imposed on the design, and therefore 

does not compromise the subsequent operation of the assembly. 

The current paths of the electric motors are actually covered by the service 

current, denoted Is, lower, at the limit equal to the nominal current. Under certain 

operating conditions, the current paths of electric motors are over current, they are over 

currents, which can be classified by amplitude and duration, for defective situations, 

such as overcurrent currents or short-circuit currents. 

The nominal power Pn, measured in [W] or [kW], is the active power of the 

motor that it obtains at the shaft when fed to the rated voltage, so that the engine's 

heating does not exceed the temperature of the its insulation, the engine running for an 

unlimited time in the service considered and in the specified environmental conditions. 

It is understood that the nominal Pn power defined above does not mean that the 

engine has a much lower heating than the corresponding heating for its insulation class 

The nominal speed in rpm is the speed immediately below that of the 

synchronicity when the engine was running in the nominal mode (the synchro cycle 

speed is given by the relation n1 = 60xf1/p and represents the speed with which the 

stator invasive magnetic field rotates). 
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Fig. 7. Simulation of an unbalanced star connection without neutral 

 

3. Delta connection simulation 
 

We made a VI to simulate the behavior of the electric circuit whose diagram is 

shown in Fig. 8  [2],[4]. 

The front panel of the VI is presented in Fig. 9 and the block diagram in Fig. 

10.  

The behavior of a balanced delta-connection load is shown in Fig. 11 and in 

Fig. 12 is shown the simulation of a non balanced delta-connection. 

Comparing the results of the simulations in Fig. 11 and 12, it can be seen that 

when the load is unbalanced, both the line and the phase currents get asymmetrical but 

the voltages are the same as the load voltages are equal to the line ones. 

 
Fig. 8. Delta-connection load digram 
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Fig. 9. The front panel of the VI „Delta connection” 

 

 
Fig. 10 The block diagram of the VI „Delta connection” 

 

 
Fig. 11. Simulation of a balanced delta-connected load 
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Fig. 12 Simulation of the non balanced delta conneced load 

 
 

4. CONCLUSIONS 

 

The big advantage of the virtual instruments is the possibility of changing the 

virtual instrument in a short and substantial time, with a better adaptation to the real 

conditions and requirements. 

The applications presented can be integrated into real-time data acquisition 

systems, being both qualitative and quantitative indicators of three-phase circuits. 

Computer-assisted training is an effective way to prepare and perfect the work 

by modeling, simulating and analyzing electromagnetic processes. The efficiency of 

the activity is ensured by the way processing and transmitting the information, by the 

degree of applications flexibility and by the possibility of interactive applications. 

Input data is get through the controls in the front panel of the application, then 

processed on the basis of the algorithm developed and implemented in the block 

diagram, the results being displayed by means of different types of indicators. 
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Abstract: The paper presents some aspects concerning the production and storage of 

hydrogen as a power resource. The concept of using hydrogen as a renewable energy source in 

order to balance the power supply system has to be explained to the students who study Power 

Engineering at the University of Petrosani as it is an issue of great interest nowadays. Hydrogen 

generation and storage were studied in laboratory classes with the help of the Renewable Energy 

Education Set - Horizon, Fuel Cell Technologies. The educational kit can be used to experiment 

the production of hydrogen with an electrolyzer module supplied by a photovoltaic panel. Using 

a fuel cell to generate electricity, we powered a LED module, a small fan or a module with a 

small wheel engine. So, students can see the stages of producing hydrogen and further, electricity. 

 

Keywords: Renewable Energy, Hydrogen, PEM Fuel Cell, Green energy  

 

 

 

1. INTRODUCTION 
 

Since the implementation of the 1907 Kyoto Protocol regarding the United 

Nations Framework Convention about climate change (1992), the renewable energy 

industry has been pushed towards capitalization on a global renewable energy market. 

This target can only be reached through a common plan regarding the imperative need 

to cut down the greenhouse gas emission. Through this Protocol, the developed countries 

have set the target of reducing by 2012 the greenhouse gas emission by 5.2% from 1990. 

The 21st Conference of the United Nations Framework Convention on climate change 

(COP21) was held in Paris in 2015. [1] 

The signed intergovernmental agreement succeeds the Kyoto Protocol and it is 

aimed to make it legally compulsory and applicable to all states starting from January 

2021. The document targets to keep the average global temperature rise below 2 degrees 

in comparison to the pre-industrial age, as it acknowledges that this would significantly 

reduce the risks and effects of the climate change. [7] 

Constant efforts have been made so that as large a proportion of the primary 

energy production as possible can be achieved from hydrogen and renewable sources. 

The diagram of an energy system of this kind to use hydrogen and other renewable 

sources is shown in fig. 1. [3] 
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The European Hydrogen and Fuel cell Technological Platform was launched in 

2004 and in 2005 the Platform’s board council ratified two important documents: the 

Strategic Research Agenda which involves major financial contributions over a period 

of ten years to generate and validate new technologies and the Implementation Strategy 

according to which applications of hydrogen will be implemented on the market by 2020. 

[8] 

 

 
Fig. 1. Renewable energy system  

 

„Fuel cell and Hydrogen” joint Undertaking-FCH JU, (www.fch-ju.eu) 

partnership have been launched at a European level. This European Union level entity is 

a public-private partnership. Its objective is to develop a strong, durable and competitive 

fuel cell and hydrogen sector.  

Romania is a country with opportunities which can facilitate the transition from 

fossil fuel dependency to an energy industry based on hydrogen and renewable sources. 

A significant electricity percentage is currently being generated by used and old 

equipment which, at least in theory, have long paid for themselves. [4] 

 

2. USING HYDROGEN IN FUEL CELLS  
 

The flexibility of hydrogen production will have to be combined with adjusting 

current energy distribution and use systems. Should new sources of energy be discovered 

and developed, they can also be used to produce hydrogen without affecting the 

consumer energy system. Since hydrogen can be produced from a wide range of primary 

energy sources and it can be used in an even larger number of applications, it will become 

an energy source just like electric energy. Besides being distributed, provided and stored, 

this energy source can contribute to a rise in energy security stability and it will reduce 

the energy market vulnerabilities and uncertainties, leading to a competition between the 

different energy resources, figure 2. [1] 

Hydrogen cannot be found freely in nature and since it needs to be produced it 

cannot be classified as a source of energy but rather an energy carrier (vector). In other 

words, energy needs to be used in order to produce hydrogen. However once produced, 

transported and stored, hydrogen can be used especially for fuel cells where it produces 

electrical energy and heat in the form of hot water or steam. Therefore burning hydrogen 

is not a polluting process. [4] 
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Fig. 2. Hydrogen as an energy vector  

 

With few exceptions (i.e. engines, rockets) hydrogen cannot be directly used to 

produce energy. It must be converted into electrical energy, for which fuel cells are used. 

The most frequently used hydrogen-based fuel cells are PEMFC (Proton 

Exchange Membrane Fuel Cell), which use a proton changing polymer membrane as an 

electrolyte. This membrane is an electronic insulator and an excellent proton conductor. 

The materials used are a fluorocarbon polymeric framework which is similar to Teflon, 

to which sulfonic acid groups are grafted. The acid molecules are retained inside the 

polymer, however, the protons from these acid groups are free to move through the 

membrane. [4] 

A fuel cell is a generator which directly turns the internal, chemical energy of a 

fuel into electrical energy by using a controlled electrochemical procedure. The fuel cell 

is a system which converts chemical energy into electrical energy, such as 

electrochemical batteries or heat engines, fig. 3. Unlike a battery, which is a closed 

system, the fuel cell uses the anode fuel.  
 

 
Fig. 3. Different ways to convert chemical energy into electricity  

 

A fuel cell differs from electrochemical batteries in that it can operate 

continuously without needing recharging or replacing and the reaction products can be 

constantly removed. In the case of a classical fuel cell, the materials that make it up, the 

electrodes, are disposable. In time the electrodes wear out (due to anode oxidation and 

cathode decrease) until the fuel cell is consumed. 

The structure of a fuel cell consisting of electrodes, electrolytes, and reactants 

does not react and it stays, with certain precautions, unchanged in time. 
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The operating principle of a fuel cell is based on electrochemical conversion. 

This entails the direct conversion of chemical energy stored in a certain fuel into 

electrical energy. This kind of conversion is called direct because there is no 

intermediary stage between the initial and final form of energy. The indirect systems of 

conversion have multiple conversion stages among which thermal or mechanical energy 

is compulsory. 

To ensure the development of this process a system comprising an anode, a 

cathode, and an electrolyte has to be set up, that can be directly fuelled with the air that 

provides the oxygen necessary for the combustion process, fig. 4 [3]. The hydrogen or 

other fuel (energy source) is fed through the anode and oxygen through the cathode.  

When the electrolyte allows the cation exchange, these travel through the 

electrolyte to get to the cathode. The fuel oxidizes and the oxygen reduces through a 

redox process. The fuel cell uses the fuel which can be continuously fed through the 

anode through a process of electrochemical oxidation, thus generating low voltage 

continuous electricity and heat in the form of hot water or steam. 

 

 
Fig. 4. The functioning principle of a fuel cell  

 

By drawing the typical curve of such fuel cell we can notice the falling tendency 

of the U (I) character together with an exponential decrease in tension while electricity 

increases. Diagram P (I) emphasizes that the consumer does not operate within the 

optimal point, which means that the task is not adapted to the fuel cell. [3] 

For low voltage electricity, the generated tension must be 0.9 V, also known as 

idle. Keeping in mind that electrolysis begins at 1.23 V, for the fuel cell the process is 

reversed, the generated tension will be lower than 1.23 V due to faulty catalysts, the fuel 

cell’s internal resistance and so on.  

Theoretical efficiency is high and the pollution resulted from these fuel cells is 

low. These arguments are largely accepted by the majority of a scientific community, 

which leads to the fuel cells becoming a very likely alternative to internal combustion 

engines (Otto with gas with Diesel fuel). However, the fuel cells cannot operate without 

mixing a fuel (hydrogen, methanol) with the oxygen from the air. 

A comparison between the fuel cells and other fuels is shown in Table 1. 
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Table 1. Comparative elements among different fuels [3] 

Combustible Main Component Energy density (MJ/Kg) Ratio H/C 

Hydrogen H2 142,0 - 

Gas Ch4 55,5 2-2,3 

Anaerobic biogas Ch4,CO2 28-45 0,7-2,0 

LPG C3-C4 50,0 2,5-2,7 

Methanol C03-OH 22,5 4 

Ethanol C2H5-OH 29,5 3 

Oil C4-C12 45,8 1,6-2,1 

Kerosene Pana la C25 46,3 1,6-2,0 

Diesel C9-C24 45,3 1,8-2-3 

Biogas from 

gasification 

CH4 ,H2,CO2,CO 4-14 4 

 

3. EXPERIMENTS REGARDING THE USE OF FUEL CELLS  

 

A range of experiments has been carried out within the Renewable Resources 

laboratory from the AICEE Department aimed to emphasize hydrogen production and 

its use as an energy source. The experiments have been carried out using the educational 

set Renewable Energy Education Set – Horizon, Fuel Cell Technologies, fig. 5.  
 

 
Fig. 5. Renewable Energy Education Set – Horizon, Fuel Cell Technologies [6] 

 

This set provides an excellent opportunity to learn about the exciting prospects 

of renewable energy, as well basic physics and chemistry principles. It shows how 

renewable energy can be harnessed, stored, and re-used in all kind of applications and 

how hydrogen can be the unique link between natural sources of power and power 

consuming devices - using fuel cell technology. 

An electrolyzer module has therefore been set up, fig. 6 (a) from the equipment 

of this educational set to produce hydrogen by using solar energy through the solar 

panels available (solar panel with 6V/600mA), wind energy through a wind turbine with 

power capacity (rotor speed of 200 rpm) of 1W. A battery can also be used to carry out 
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the electrolysis (when the solar or wind energy sources are not enough) to generate 

hydrogen using embedded reversible combustion cells Horizon Mini PEM fuel cell, fig. 

6 (b), with the following specifications: Output Voltage: 0.6 V DC, Output Current: 0.45 

A, Power: 270 mW. Hydrogen consumption will depend on how much power you are 

drawing out of the fuel cell. At full load (210 mW), the fuel cell will output 360 mA and 

0.6V. Fuel cells consume hydrogen at a rate of 7 mL/min/A, therefore this would 

consume about 2.5 mL/min at full load. Should the solar panel or wind turbines be 

enough, the system will start producing hydrogen and oxygen in the appropriate 

cylinders. When bubbles begin to surface in the hydrogen cylinder the cycle is complete. 

[2] 

If the outcome of gas is not enough the electrolysis is repeated. Hydrogen can 

be produced sustainably from renewable energy systems with no carbon dioxide 

emissions.  

   
a) b) 

Fig. 6 Electrolyzer Module (a) and PEM fuel cell (b) from Renewable Energy Education Set [6] 

 

An example of such a system is the use of a solar panel, a wind turbine or a 

micro-hydro generator to convert the radiant energy of sunlight into electrical power, 

which drives an electrolyzer. The electrolyzer breaks apart water producing hydrogen 

and oxygen. The hydrogen is stored for use by the fuel cell and the oxygen is released 

into the atmosphere. Thus when the sun shines, the wind blows or the water flows the 

electrolyzer can produce hydrogen. A power system incorporating hydrogen from 

renewable sources and a fuel cell is a closed system, as none of the products or reactants 

(water, hydrogen, and oxygen) are lost to the outside environment [6]. The water 

consumed by the electrolyzer is converted into gases. The gases are converted back into 

the water. The electrical energy produced by the solar panel is transferred to chemical 

energy in the form of gases. The gases can be stored and transported to be reconverted 

back into electricity. These systems are truly sustainable, for as long as there is sunlight 

there can be electrical power, available wherever and whenever required. 

One experiment is powering an LED light using a hydrogen fuel cell, after 

obtaining hydrogen with a solar panel, shown in fig. 7. [2] 
 



HYDROGEN, POTENTIAL ENERGY SOURCE 
 

 

  
Fig. 7 Using fuel cells to supply a LED module 

 

The reversible PEM Fuel Cell was disconnected from the wind turbine or solar 

panel and we used the fuel cell to power a small electric fan and the wheel of a small car 

shown in figure 8. The LED light shows the electricity consumption, the Fuel Cell will 

use hydrogen from the cylinder and the water level will reflect the changes in the quantity 

of gas used.  

The Renewable Energy Science Kit demonstrates the workings of a clean energy 

technology system on a miniature scale. We powered an electrical circuit through a solar 

panel or a wind turbine with profiled blades based on NASA aeronautics. [5] 
 

 
Fig. 8 Using PEM combustion cells to supply a small fan and a small wheel engine 

 

It has generated hydrogen through water electrolysis and converted it into 

electricity using a PEM fuel cell. Whichever combination of technologies we want to 

explore, this science kit is a comprehensive introduction to the principles behind 

renewable micro grids. [5] 
 

CONCLUSIONS 
 

The Renewable Energy Science Kit provides an excellent opportunity to teach 

students about the exciting prospects of renewable energy, as well as basic physics and 

chemistry principles. It can be shown how renewable energy can be harnessed, stored 

and re-used in all kind of applications and how the hydrogen can be the unique link 

between natural sources of power and power consuming devices - using fuel cell 

technology. 
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The Renewable Energy Science Kit demonstrates the workings of a clean energy 

technology system on a miniature scale. Experiments of such a system were using a solar 

panel, a wind turbine or a micro-hydro generator to convert the radiant energy of sunlight 

into electrical power or to control an electrolyzer, which was carried out in Laboratory 

by students. The electrolyzer breaks apart water producing hydrogen and oxygen. The 

hydrogen is stored for use by the fuel cell and the oxygen is released into the atmosphere 

so, when the sun shines, the wind blows or the water flows through the electrolyzer can 

produce hydrogen. 

Due to hydrogen's characteristics, the most adequate storage method is in salt 

cavities. At an industrial level, the potential users of the underground hydrogen storage 

systems seem to be the energy sector, through producers, electricity and natural gas 

operators and the transport sector, seen as a „premium” market in this case. 

The concept of using hydrogen in order to balance the electricity supply system 

is not new. Scientists have been debating this concept with the view to store the excess 

energy from renewable sources. Hydrogen storage is a key enabling technology for the 

advancement of hydrogen and fuel cell technologies in applications including stationary 

power, portable power, and transportation. Hydrogen has the highest energy per mass of 

any fuel; however, its low ambient temperature density results in a low energy per unit 

volume, therefore requiring the development of advanced storage methods that have the 

potential for higher energy density. 
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Abstract: The paper studies some aspects regarding asynchronous motor electric 

drives. In connection with these categories of electric drives, it is proposed to develop a modern 

electric drive scheme, based on a converter made with the I.G.C.T technology. With such an 

approach, we aim to increase the functional parameters of the electric drives so that we can 

achieve a reduction of the electricity consumption and a higher reliability of the installation. 
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1. INTRODUCTION 

 

The asynchronous motor with a squirrel cage rotor are frequently used in 

electrical drives. The operation of the three-phase asynchronous motor is based on the 

existence of a spinning magnetic field in the machine's air gap created by the stator 

windings powered by a three-phase voltage system. 

The rotation speed called synchronous speed is determined by the stator 

current frequency, [5]: 

p

f
60=n

1
0       (1) 

where: 

 f1 - frequency of stator currents; 

 p - number of pairs of poles. 

 Defines the sliding: 

n

n-n
=s

0

0

     (2) 

  

Frequency of rotor currents: 

 

fs=f 12


     (3) 
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 The electromagnetic torque will be, [5]: 
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where: 
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and the total leakage reactance is: 
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 The critical torque is given by the equation: 
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The critical slip is: 
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    (9) 

 

 From the relation (3) result the speed control methods: variation of rotor circuit 

resistance, sliding variation, variation of supply voltage, frequency supply voltage 

variation, etc. [5]. 

The most convenient and cheap method would be to adjust the supply voltage. 

A very good method for speed control a.m. is the variation of the frequency of the 

supply voltage correlated with the variation of its amplitude, U/f = const. 

The induction motors with squirrel cage rotor are classified according to IEC 

60034-30:2008 in three efficiency classes: 

a. Standard Efficiency IE1; 

b. High Efficiency IE2; 

c. Premium Efficiency IE3. 

In the conductors of the stator winding appear principal and supplementary 

losses. Starting of T equivalent scheme (fig.1.), parameters are reported to the 

nominal impedance, and are expressed for slide s through the below relations: so 

noting r1 - the stator resistance; r2 - the rotor resistance (reported to stator); r0 - the 

iron losses resistance; x1 - the stator leakage reactance; x2 - the rotor leakage 

reactance and x0 - the magnetization reactance; pw1- Joule power losses in stator; pw2 - 

Joule power losses in reported rotor;  p0 - the  iron  losses;  pmv -  ct.,  the  mechanical  

and ventilation losses, [4]. 
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Fig. 1. Asynchronous motor T scheme 

 

   (11) 

 

   (12) 

 

   (13) 

where: 

  (14) 

 (15) 

 

 (16) 

 

The applied voltage is equal with 1 in the equivalent electrical scheme, written 

in the relative units, and the current is i1(sn) = 1 and the power p2(s) = 1 which involve 

the equality (9). The equation solution drives the load of motor to a nominal load, [4]. 

The motor efficiency and the power factor can be determined: 

   (17) 

 

   (18) 

 

    (19) 

     (20) 
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Usually, the asynchronous motor with a squirrel cage rotor requires relatively 

big starting moments and low starting currents. This requires a certain shape of the 

rotor notch, which must have a pronounced refutation of the current from the rotor bar, 

in order to increase the apparent resistance, [4]. 

The supplementary losses in the core appear both at no load and full load status 

of the machine. According to the literature, the supplementary losses can reach up to 8-

25% from the total losses.  

 

2. INTEGRATED GATE - COMMUTATED THYRISTOR (IGCT 

 

The integrated gate-commutated thyristor (IGCT) is a power semiconductor 

electronic device, used for switching electric current in industrial equipment. It is 

related to the gate turn-off (GTO) thyristor (fig.2.). It was jointly developed by 

Mitsubishi and ABB. Like the GTO thyristor, the IGCT is a fully controllable power 

switch, meaning that it can be turned both on and off by its control terminal (the gate). 

Gate drive electronics are integrated with the thyristor device, [3], [6]. 

The structure of an IGCT is very similar to a GTO thyristor. In an IGCT, the 

gate turn-off current is greater than the anode current. This results in a complete 

elimination of minority carrier injection from the lower PN junction and faster turn-off 

times. The main differences are a reduction in cell size, and a much more substantial 

gate connection with much lower inductance in the gate drive circuit and drive circuit 

connection.  

 
Fig. 2. Basic IGCT inverter circuit 

 

The very high gate currents and fast dI/dt rise of the gate current mean that 

regular wires cannot be used to connect the gate drive to the IGCT. The drive circuit 

PCB is integrated into the package of the device. The drive circuit surrounds the device 

and a large circular conductor attaching to the edge of the IGCT is used. The large 

contact area and short distance reduce both the inductance and resistance of the 

connection [7]. 

The IGCT's much faster turn-off times compared to the GTO's allows it to 

operate at higher frequencies - up to several kHz for very short periods of time.  

However, because of high switching losses, typical operating frequency is up 

to 500 Hz, [3], [6]. 

 

https://en.wikipedia.org/wiki/Power_semiconductor_device
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Gate_turn-off_thyristor
https://en.wikipedia.org/wiki/Gate_(transistor)
https://en.wikipedia.org/w/index.php?title=Switching_loss&action=edit&redlink=1
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3. INDUSTRIAL APPLICATIONS OF IGCT TECHNOLOGY 

 

These devices can be used for high power converters (100 MW) with the 

possibility of cascading several devices. The medium-voltage equipment based on this 

technology is very safe in operation and, for example, we can give the medium voltage 

frequency converter for 630 kW water pump operation, the 315 kW / 6000 V 

combustion air fans or the turbochargers up to 3,2 MW. 

It is proposed to replace the existing motors with ABB 6 KV motors driven by 

a medium-frequency static ABB convertor in IGCT technology. 

As a medium-voltage static converter, the ACS 5000 Series Converter is 

chosen because it has been specifically developed with the use of an increasing number 

of drives of 6KV motors (fig.3.). 
 

 
Fig.3. ACS 5000 converter scheme 

 

 
Fig.4. Connecting motors with local network-connected converters. 

 

The ACS 5000 has a very good performance and low cost, efficiency and 

increased safety, thanks to the combination of its components and innovative topology. 

The ACS 5000 is based on the unique concept that makes it possible to drive 

motors up to 6.9 kV. Thanks to the VSI-MF (Voltage Source Inverter Multilevel-

Fuseless) topology, this converter is used everywhere. 

In accordance with our client's needs, ACS can be installed with all the major 

adapters for smooth integration, monitoring and control of different processes. This 

converter can also be operated remotely via the local LAN. 
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In figure 4. we present the scheme of connecting motors with local network-

connected converters. 

 

4. CURRENT MEASUREMENTS AT THE MOTOR OPERATION 
 

We will study the case of the electrical drive of an air fan from a power 

generation group from the Mintia Electric Power Plant. A three-phase asynchronous 

motor with two speed is used to drive this fan. This motor has the following 

characteristics (Tab.1):  

Table. 1. 

Nr. 

crt. 
Function Motor 

Pn  

[kW] 
Un  

[kV] 
In 

[A] 
n 

[rpm] 
cos 

φ 
η 

[%] 

1. VG-3A sped 1 DAZO 1914-12/16 600 6 90 373 0.7 91 
2. VG-3A speed 2 DAZO 1914-12/16 1400 6 180 497 0.8 92.8 

 

In order to monitor the electric drive of the fans, a series of measurements 

were performed in various operating modes. When starting the air and gas fans drive 

motors, the currents were oscillating at both speeds. The measurements were made 

using Fluke devices (Fig.5 – 9) 
 

 
Fig.5. Starting current at first speed 

 
Fig.6. Starting current at second speed 
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Fig.7. Starting current at first speed and change to second speed 

 

 
Fig.8. Current value - starting speed II from speed I 

 

As we can see, the current drops from maximum 180 to about 30 amperes. 

 

5. CONCLUSIONS 
 

By applying this proposal, overloads due to engine starting are eliminated, 

which have the effect of damaging the power cables and the breakouts at the terminals. 

The development of the power semiconductor elements has revolutionized the 

field of electric power control and has permitted the improvement and the 

diversification of the electric energy converter. As electronic power components 

improve in reliability and decrease in size, the cost and size of variable drives will 

continue to decrease. 
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Usually, the asynchronous motor with a squirrel cage rotor requires relatively 

big starting moments and low starting currents. This requires a certain shape of the 

rotor notch, which must have a pronounced refutation of the current from the rotor bar, 

in order to increase the apparent resistance. The supplementary losses in the core 

appear both at no load and full load status of the machine. 
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Abstract: In this paper we propose the algorithms that can be used to determine the 

values for several parameters that characterize the dynamic regime of operation of a DC motor. 

These parameters values are determined by simulation based on a state-space model by means 

of a virtual instrument made in LabView. In this way is possible to observe the dynamic 

characteristics of the DC motor in different operating conditions. 
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1. INTRODUCTION 

 

One of the solutions for conversion of electrical energy into mechanical energy 

is represented by the use of electric motors. Of these the most widely used as actuator 

is the DC motor. 

There are several design variants of the DC motor and among them the DC 

motor with magnetic flux produced by field windings. To this constructive variant the 

speed can be controlled through variable armature voltage. These electric motors, also 

called armature voltage controlled DC motors, can be controlled by either through the 

armature voltage or by controlling the field current [4]. 

Even if there are several types and constructive versions of the DC motors and their 

detailed construction is quite complex, it is possible to deduce the operating equations 

to obtain a satisfactory dynamic model based on fundamental electromagnetic laws. 

[5]. 
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2. MATERIALS AND METHODS 

 

The physical model of an armature controlled DC motor is given in Fig. 1 [3] 

 

 
Fig. 1. The physical model of an armature controlled DC motor 

 

where: ea, ia – armature supply voltage and current; ef, if – field voltage and current; 

Ra, La – armature winding resistance and inductance; eb – back electromotive force 

(e.m.f.);ω(t) –angular speed; Tm(t) – electromagnetic torque; TL(t) – load torque. 

Based on this physical model the and on functional principles it can build a 

mathematical model in state-space form expressed by the equations [6]: 
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Here we considered the angular displacement α(t), the angular speed ω(t) and 

also the armature current i(t) as the output quantities. 

The most convenient method for the user to observe the evolution of a quantity 

is its graphical representation. Thus, for each output quantity, a window will be created 

in which both the evolution and the parameters characterizing it are highlighted. The 

parameters that are relevant to this dynamic system are considered the peak value 

(maximum value) and time of its occurrence, the steady state value and its determining 

time, rise time, falling time, overshoot. For displacement, it is known that if the load 

torque is higher than the active torque, the reverse motor movement occurs. In this case 

a flashing message (OVER TORQUE) and a suitable light indicator will be displayed, 

also displaying the time of its occurrence to signal this situation. 
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3. RESULTS AND DISCUSSIONS 
 

Calculation of dynamic system parameters is made by using the LabView 

libraries or toolkits. 
 

A. The peak value 
 

The peak value that is the maximum absolute value of each of the output 

variables is computed using Array Max&Min function that returns the maximum and 

minimum values found in subarrays, along with the indexes for each value [1]. Since 

the peak value can be positive or negative, depending on the direction of rotation, the 

maximum value is displayed for a maximum positive value and the minimum value for 

the maximum negative value. Selection is made through a CASE structure based on 

comparison of absolute values corresponding to the maximum and the minimum values 

of displacement. Once determined the maximum value, based on its index, the moment 

of its appearance is searched. 
 

B. The steady state value 
 

The steady state value Sv and the moment of its appearance TSv are computed 

using a SubVI named Vstat whose algorithm is shown in Fig.2. 

 

 
Fig.2. Algorithm used to compute steady state value 
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This value is determined for each of the three components of output vector. It 

considers the steady state to be reached if the difference between two consecutive 

absolute values for outputs variable is less than the constant c = 10-6.  

This algorithm shown applies to current, to displacement and/or to speed, and 

each of them can be represented by the subarray S(n). The moment of the steady state 

value TSv appearance is determined by reading the index i of the Sv in subarray S(n) 

and with this index the value with the same index i is searched in subarray T(n), which 

is an array of the time values. Implementation of the algorithm in the virtual instrument 

structure is made by the SubVI Vstat, and this is shown in Fig.3. 

For extracting the values S(i) of the subarray S(n) a while loop is used, whose 

condition terminal i is incremented until it fulfills the condition: 
 

   1S i S i c       (3) 
 

 
Fig.3. Implementation of the algorithm Vstat 

 

Otherwise, if the condition is not achieved, the algorithm stops after all values 

in the subarray S(n) are investigated. 
 

C. The rise time 

The rise time is computed by the difference between time TSv, when is 

identified the steady state value, and the time when is generated the proper input 

variable. The time when is generated the input variable is taken from controls which 

determine the moment of start through a local variable or Property Node [2] StartS, as 

shown in Fig.4. 
 

 
Fig.4. Computation of the rise time 
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D. The fall time 

This value can be calculated, and it will be displayed as well, only for a pulse 

shape input. To display the value of this variable proper indicators are used, which 

become visible on front panel only if the input signal type is pulse shape. 

To determine this value is used the algorithm shown in Fig.5.   

Proper indicators became visible on the front panel only for a pulse shape 

input, when choosing the value true for the boolean variables B1 and B2, otherwise 

their values will be false. In the sequence of the time values the index j is identified, 

corresponding to the stop moment TTs, so from the sequence of the current and speed 

values all values that have index greater than j are removed. Are thus obtained for both 

current and speed variables, two sequences of values each with S size, and the values 

in these sequences are reordered starting at index 0. 

Determination of fall time of the DC motor response is accomplished by 

identifying the moment when an absolute value for current or speed is zero (or less 

than a constant c2, close to zero), according to the relations: 
 

   ;
2 2

Sc i c Ss i c      (4) 

 

where |Sc(i)| and |Ss(i)| represent absolute values extracted from sequences of values 

for current and respectively, speed. 

 
Read:

Signal Current Array = Sc(n)
Signal Speed Array = Ss(n)
Time Array = T(n)
Time of Torque Stop = TTs
Constant = c

Select Voltage

=0   STEP

=2

RAMP

=1

PULSE

index of TTs in T(n) = j

Signal Current Array Size = dim[Sc(n)]
Signal Speed Array Size = dim[Ss(n)]

dim[Sc(n)] – j = dim[Sc(n)-j]
dim[Ss(n)] – j = dim[Ss(n)-j]

B1 = B2 = true

dim[Sc(n)-j] = dim[Ss(n)-j] = dim[S]

B1 = B2 = false

i=0

│Sc(i)│

│Sc(i)│≤  c

Sc=Sc(i-1)

TSc = T(k1)

No

Yes

i=i+1 i ≥ dim[S]

Return

No

Yes

Write:
B1, B2, Sc, Ss, TSv, TSs

│Ss(i)│

│Ss(i)│≤  c
Yes No

Ss=Ss(i-1)

TSs = T(k2)

index of Sc in Sc(n) = k1 index of Ss in Sc(n) = k2

 
Fig.5. Algorithm used to identify the fall time of the DC motor response 
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The corresponding indexes c1 and c2 are identified for that the conditions (4) 

are achieved, and based on these indexes the moments TSc and TSs are searched, 

corresponding to the achievement of these conditions. 

Implementing the algorithm in the virtual instrument structure is made by the 

SubVI Fall, and this is shown in Fig.6. 

 

 
Fig.6. Implementation of the algorithm Fall Time 

 

The algorithm for determining the fall time of the DC motor response is made 

through a Case structure. The three cases of this structure, corresponding to the three 

types of signals generated for DC motor command, are selected by controlling the DC 

Motor Voltage from front panel through the Value signal slide. 

As seen in Fig.6, actual implementation of the algorithm takes place only in 

the sequence 1, which corresponds to a step shape command type for which is possible 

the compute this parameter of the dynamic regime. In the same sequence, the boolean 

variables B1 and B2 are set to true. In the other two sequences, only the boolean 

variables B1 and B2 are set to false. 

 

E. The phenomenon of "overturn"  

 It is known that, if the load torque exceeds the active torque of the electrical 

machine, the "overturn" occurs. So it is necessary to be able to determine the 

overturning moment.  

 Identifying the phenomenon of "overturn" and overturning moment is achieved 

using a SubVI named SENS, whose algorithm is shown in Fig.7. 
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Fig.7. Algorithm used to identify the phenomenon of "overturn" and overturning moment 

 

 Identifying the phenomenon of overturn is done by analyzing the sequence of 

values Sd(n) for angular displacement and the determination of the overturning 

moment is done by comparing the successive values Sd(k-1) and Sd(k) in the sequence 

considered. Thus, the phenomenon is considered to occur if: 
 

    11Sd k Sd k c       (5) 

where c1 = - 0.01 is a negative constant used to make the comparison. 

If the shape of the torque is pulse, the stop moment TTs is identified in the 

sequence of time values and through its index number are removed from sequence 

Sd(n) all values with the index higher than this. Obviously, the comparison is done 

only if two successive values from the sequence Sd(n) are different from zero. 
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By fulfilling the condition (5) the value Sot (=Sd(k-1)) is identified, 

corresponding to the overturn, in the sequence of values for angular displacement 

Sd(n), starting with the appearance of the inversion of rotation. To signal the state of 

overturn, the value "true" is assigned to the boolean variable Ovt, otherwise the 

variable receives the value "false". 

Indication of the overturning state is made on the front panel by a red color of 

a LED indicator (that otherwise is green) and by blinking message "OVERTURN", 

that becomes visible only when this phenomenon occurs. 

In cases where the torque is step or ramp shape, considering the fact that these 

shapes did not have the stop time, it is not necessary to identify this moment in the 

times sequence values. In these cases, the overturn moment Sot is searched by 

identifying the condition given by (5) for successive values in sequence of values for 

angular displacement Sd(n). Completion the algorithm is carried on, as in the case of 

the torque having pulse shape. 

After identifying the value Sot, corresponding to the overturning moment, its 

index is searched in the sequence of values for angular displacement Sd(n). Based on 

the index j thus determined, the moment Tot, the moment when overturn occurs in the 

time array sequence T(n) is searched. 

Implementation of the algorithm in the virtual instrument structure is made by 

the SubVI Over Torque, Fig.8, and this is realized through a While Loop that runs until 

the condition (15) is reached or until all values from the sequence of values for the 

angular displacement Sd(n) are tested. Depending on the shape of the input signal 

(Signal Type) one of the three cases is selected, noting that cases 0 and 2 (step and 

ramp) are the same. 
 

 
Fig.8. Implementation of the algorithm Over Torque 
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In the execution of the search operation in the array sequences 1D Array 

Search Function is used, that searches for the element (Sd(k-1)) in a 1D array (Sd(n)) 

starting at start index for that is set with 0 value. Because the search is linear, it is no 

need to sort the array before calling this function and LabVIEW stops searching as 

soon as the element is found.  

To make the index increments after each test for two consecutive values from 

the sequence array, the iteration (i) terminal of the While Loop is used, that provides 

the current loop iteration count, which is zero for the first iteration. 

 

F. Stationary value 

This value identify the moments in which the absolute values of current and 

displacement are 0 (or smaller than c2, constant very close to zero). 

Its operation is similar to determining the stationary value in the SubVI Over 

Torque and consists in checking the differences between two successive values. For 

displacement or current and to determine when this difference is zero (or less than 

constant c2 whose value is set in this case at 10-3). 

 

 
Fig.9. Implementation of the algorithm Stationary Value 

 

4. CONCLUSIONS 
 

It is known that computer simulation is an experimental method based on a set 

of techniques by which operating with virtual things, the functioning of a real system 

or process is understood.  

On the basis of the same principles it is possible and the calculation of values 

of the parameters which characterize the dynamic regime of a system. Through virtual 

instrumentation these parameters can be obtained and visualization in interactive mode 

on the front panel of LabView. 
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OBSERVER IN SENSORLESS VECTOR CONTROL 
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Abstract: The article presents a compensation solution based on the rotor resistance of 

the extended Gopinath observer used in the simultaneous estimation of the rotor speed and 

position and mode of the rotor flux phasor. The rotor resistance is estimated based on a 

relationship deducted from the mathematical model of the induction motor. The dynamic 

performances of the extended Gopinath observer are highlighted by simulation in Matlab-

Simulink. 

 

 

Keywords: induction motors, modeling and simulation, extended Gopinath observer, 

speed estimation, rotor resistance estimation, sensorless vector control system. 

 

 

 

1. INTRODUCTION 

 

The implementation of sensorless vector control systems raises problems 

especially with the simultaneous estimation of the speed and rotor resistance of the 

induction motor. To argue with the above, we recall here the results of the research of 

H. Kubota [4], [5] and Shinnaka [15]. H. Kubota states that in the vector control 

systems, in the stationary regime, only the proportionality relation  between stator 

resistance and rotor resistance (Rs/Rr) can be estimated, because it is impossible to 

separate form the stator state variables, error estimation of the speed of the estimation 

of the rotor resistance. In other words, in stationary regime the condition of persistence 

of excitation is not respected [5]. On the other hand, Shinnaka demonstrates that 

estimating both the speed and the rotor resistance implies a division with zero if the 

module of the rotor flux phasor is maintained constant [15].  

From the above mentioned, it is observed that the provision of excitation 

persistence, as well as the avoidance of division by zero in the stationary regime, allow 

the simultaneous estimation of the speed and the rotor resistance of the induction 

motor. 

 

                                                           
1 Associate Professor, Eng., PhD, University of Petrosani, Romania  

2 Assistant Researher, Eng., Ph.D, University of Petrosani, Romania 



OLIMPIU STOICUTA, LORAND BOGDANFFY 

In this context, the paper presents a method of simultaneous estimation of the 

speed and rotor resistance of an induction motor, from the sensorless vector control 

system. Within the vector control system, speed and rotor flux of the induction motor 

are estimated by the extended Gopinath observer [11], [12], [18] and rotor resistance is 

estimated using a relationship obtained from the mathematical model of the induction 

motor [3], [10]. 

In order to eliminate the issue of persistence of excitation, a sinusoidal signal 

of  frequency and amplitude low is used, which is superimposed over the module of the 

phasor rotor flux reference, and to avoid zero division, the "Fixed Trace" method 

proposed by T. Pana is used [7], [8], [10]. 

The dynamic performances of the extended Gopinath observer compensated by 

the rotor resistance, are analyzed by simulation using the Matlab-Simulink program. 

 

2. THE EXTENDED GOPINATH OBSERVER 

 

This observer is a generalization of the low-order Gopinath observer. The 

block diagram of the Extended Gopinath Observer is presented in Fig.1.  
 

 

Fig.1. The Extended Gopinath Observer (EGO) 

 

The equations defining the Extended Gopinath Observer (EGO) are [11], [12]: 
 

a b x

d d
x A x A x B u G C e

dt dt
                                    (1) 
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 It can be seen that the matrices Aa and G of the relation (1) are adapted at each 

moment, depending on the estimated rotor speed. 

In the above relations, we marked with „*”, the electrical parameters, 

determined experimentally, of the induction motor. The positive constant k, is used to 

increase or decrease the stability degree of the Extended Gopinath Observer [12]. 

On the other hand, the adaptation mechanism of the extended Gopinath 

observer is defining the following relationship [11], [12], [18]. 
 

0
ˆ

t

r r a i ak k d                                                     (2) 

 

where:                               
1 2qr dra e e      ; 1 dsdse i i  ; 

2 qsqse i i  . 

In the above relations, kr and ki constants are chosen to obtain the desired 

dynamic regime. 

 

3. ROTOR RESISTANCE ESTIMATION 

 

 To determine the mathematical expression that is used in the estimation of 

rotor resistance, we will present below the voltage equations specific to the squirrel-

cage rotor of an induction motor [13].  
 

dr r dr p r qr

qr r qr p r dr

d
R i z

dt

d
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  
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                                      (3) 

 

After solving the above system, the rotor speed is given by the following 

expression: 
 

dr dr qr qr

r
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d d
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i i
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 On the other hand, the rotor flux equations of the induction motor are [13]: 
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 From (5) we can determine the rotor currents that appear at the denominator of 

statement (4).  
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 After the introduction of relations (6) into (4), we get the following 
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Under these conditions, on the basis of the variables estimated by the Extended 

Gopinath Observer (EGO), rotor resistance can be estimated as follows: 

 case 1, in which components d-q of the estimated stator current are used 
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 case 2, in which components d-q of the measured stator current are used 
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From the relations (8) and (9) it is observed that, if desired, we can estimate 

the inverse of the rotor time constant based on one of the following relations: 

 case 1, in which components d-q of the estimated stator current are used 
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 case 2, in which components d-q of the measured stator current are used 
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Given the relationship (1), we can say that estimation errors of stator current 

and rotor flux components can be compensated either by relations (8) or (9), and by 

means of relations (10) or (11).  

Within this article, the estimation errors of the extended Gopinath observer are 

offset by the relationship (10). Under these conditions, the coefficients of the extended 

Gopinath observer, which are calculated according to the inverse of the estimated rotor 

time constant, are: 
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The block diagram of the extended Gopinath observer, adapted to the inverse 

of the rotor time constant, is shown in Fig.2. 
 

 

Fig.2. The Extended Gopinath Observer - rotor resistance compensation 

In order to implement the relationship (10), we will take into account the 

results of Shinnaka and T. Pana's research. In this sense, in order to cancel the zero 

division, which occurs periodically within the above expressions (due to the 

cancellation of the denominator), even if the rotor flux varies, we will use the Fixed 

Trace method to effect division of the relationship. In this regard, we will use the 

following notations: 
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Under these conditions, the inverse of the rotor time constant, estimated using 

the Fixed Trace method, is [7] 
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where through the forgetting factor  , which is a positive constant, the noise 

sensitivity of the estimation increases. Within the relation (15) Te is the sampling time. 

 

4. VECTORIAL CONTROL SYSTEM 

 

The block diagram of the sensorless vector control system for the induction 

motor, is presented in Fig.3. 
 

 

Fig.3. The block diagram of the vector control system [18] 

 

The main blocks within the vector control system are defined by the following 

equations [18]:   
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 The calculus of the torque block (C1Me):  

3
ˆ ;

2
r

m
e qsa r a p

r

L
M K i K z

L





                                      (17) 

 

 stator voltages decoupling block (C1Us) 
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where:                                
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The coefficients within relation (18) are identical to those in the extended 

Gopinath estimator, (1) and (12). These coefficients are computed for every moment in 

time, considering the induction motor rotor constant. 

 the field weakening block (SF) 
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where:    1 21 sin sinmg A t t          ; 1 12 f    ; 2 22 f    ; max
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3
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In the relation (19), by UN the rated voltage is labeled; fN is rated frequency; nN 

is the rated speed of the induction motor. 

The five automatic controllers of the system presented in Fig. 3 are 

Proportional Integral-type (PI). The parameters of proportionality (K) and the 

integration times (T) that define the automatic controllers, can be calculated on the 

basis of the following relations [14]: 

 The rotor flux controller (PI_ψ) 
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where *

1dT   is a imposed constant time, and 
rT   is the rotor time constant, initially 

calculated based on the electrical parameters of the induction motor. 

 The torque controller (PI_Me) 
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where: *

2dT  is a imposed time constant, so * *

2 1d dT T .     

 the speed controller (PI_W)  
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where: 
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 ; J is moment of inertia of the rotor and F is the 

coefficient of friction. 

 the current controllers (PI_I) 
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From the above, it is noticeable that the current controllers are identical. The 

proportional coefficients and the integration times of the current controllers are 

invariant with time being calculated based on the relations (23), taking into account the 

electric parameters of the induction motor. 

The other blocks of Fig. 3, are: current transducers (TI); voltage transducers 

(TU); static frequency converter (CSF); blocks of transformation of the system (TS) 

and axis (TA) [13]. 

 

5. SIMULATION RESULTS 

 

The EGO observer is validated by simulation, using a 4 [kW] induction motor. 

The electro-mechanical parameters of the induction motor are presented in Table 1.  
 

Table 1. Induction Motor Parameters 

 Name Value  Name Value 

Rs Stator resistance 1.405 [Ω] F Friction coefficient 0.002985[N·m·s/rad] 

Rr Rotor resistance 1.395 [Ω] nN Rated speed 1430 [rpm] 

Ls Stator inductance 0.178039 [H] zp Number of pole pairs 2 

Lr Rotor inductance 0.178039 [H] fN Rated frequency 50 [Hz] 

Lm Mutual inductance 0.1722 [H] UN Rated voltage  400 [V]   

J Motor inertia 0.0131[kg·m2] MN Rated torque 27 [N·m] 

 

The transistors within the static frequency convertor with intermediary 

continuous voltage circuit are considered of ideal commutation.  

Within simulation, the CSF disregards the mathematical models of the 

semiconducting devices. 

Within the PWM modulation, the carrier is of isosceles triangle type having a 

frequency of 5 [kHz]. The modulation technique is based on a modified suboscillation 

method [1], [16]. 

The test analyzes the dynamic performance of the sensorless vector control 

system, which contains an extended Gopinath observer in the loop, of the type shown 

in Fig. 2. 

In simulation test, the induction motor is functioning under load, having at its 

ax a resistant torque equal to that of the rated torque of the induction motor. 



SIMULATING THE SPEED AND ROTOR RESISTANCE OBSERVER IN SENSORLESS 

VECTOR CONTROL SYSTEMS WITH INDUCTION MOTORS 

 

The vector control system shown in Fig. 3 is tested taking into account that the 

speed imposed on the control system is in the form of a two- step speed trapezoidal 

tachograph. 

Are made assuming that the induction motor is preheated. As such, in the 

initial moment, the rotor resistance is considered with 20% higher than the rated value. 

After 4 seconds, the value for rotor resistance are abruptly increased by 25% from their 

rated value.   

The rise time from one speed step to another is 0.1 seconds, in the case of the 

speed imposed. The simulations were made in Matlab – Simulink [2], [6], [9], [13], 

[17], [19]. 

In order to solve the differential equations defining the sensorless vector 

control system, is used the numerical differentiation method of variable order (ode15s), 

using both an relative and absolute error of the 610  .  

 

The sampling time used in (15) is  1 seceT  , and initialisation of relation 

(15), is done by: 0 *

1 1

ˆ m

rr
TT

  . The simulation time is 7 seconds.  

The obtained results are presented in the following figures. 
 

 

Fig.4. Time variation of imposed speed in tandem with measured speed and estimated motor 

induction speed. 
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Fig.5. Highlighting the dynamic performance of the vector control system with respect to the 

time variation of the speed at the start of the induction motor. 

In the simulation, stator currents and stator voltages, from the CSF output used 

in the extended Gopinath observer are filtered by means of second-order Butterworth 

low-pass filters [16], all of which have a cutting frequency of 500 [Hz]. 

 

 

Fig.6. Highlighting the dynamic performance of the vector control system with respect to the 

time variation of the speed, at the when passing from step 1 to step 2 of the trapezoid speed     al 

tachograph. 
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Fig.7. Evidence of the dynamic performance of the vector control system regarding the time 

variation of the speed, immediately after the sudden variation of the rotor resistance in 

stationary regime. 

 

Fig.8. The variation in time of the imposed phasor of the rotor flux, in tandem with the real and 

estimated rotor flux phasor of the induction motor. 
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Fig.9. Highlighting the dynamic performance of the vector control system with respect to the 

time variation of the phasor of the rotor flux, when starting the induction motor. 
 

From Fig. 8 it is observed that when it passing from step 1 to step 2 of the 

trapezoid speed al tachograph, by means of the SF block within the vector control 

system of Fig. 3, a rotor flux is reduced (weakening).  

 

 

 

Fig.10. Highlighting the dynamic performance of the vector control system with respect to the 

time variation of the rotor flux phasor, at the when passing from step 1 to step 2 of the trapezoid 

speed al tachograph. 
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Fig.11. Evidence of the dynamic performance of the vector control system regarding the time 

variation of the rotor flux phasor, immediately after the sudden variation of the rotor resistance 

in stationary regime. 

 

At the initial moment, the estimation block of the invers of the rotor time 

constant (see Fig. 2) is not used. For 0.02 [sec], the inverse of the rotor time constant is 

considered to have a value of  9.4 H , and then the block associated with the rotor 

time constant inversion estimate is coupled. 

 

 

Fig.12. The variation in time of the inverse rotor-time constants - of the reference and 

estimated. 
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Fig.13. Highlighting the dynamic performance of the vector control system with regard to the 

time variation of the inverse rotor-time constant, at the start of the induction motor. 

 

From the previously presented graphs we can see that the vector control 

system, which contains an extended Gopinath observer in the loop, has very good 

dynamic performance. 

On the other hand, it can be seen from Fig. 12 that the estimation of the 

inversion of the rotor time constant is affected by the speed variation over time (this is 

observed in Fig. 12 at the time of 2 [sec.]). The effect of the speed variation is canceled 

after about 1 [sec]. 

When the rotor resistance suddenly increases to a value 25% higher than the 

rated resistance (time of 4 [sec]), it can be seen that the inverse of the rotor time 

constant is estimated correctly after approximately 2.5 [sec] (see Figure 12). 

When the inverse of the rotor time constant is estimated correctly, the 

reference speed overlaps with the estimated speed and the measured speed of the 

induction motor (this is observed in Fig. 7). 

From Figures 8, 9, 10 and 11 it is noticeable that the Gopinath observer, what 

estimates the d-q components of the stator current as well as the rotor flux, has very 

good dynamic performances, under the conditions described above. 

 

6. CONCLUSIONS 

 

The compensation solution of the extended Gopinath observer, based on the 

estimation of rotor resistance using a mathematical relationship deduced from the 

mathematical model of the induction motor, presents the following advantages: 

 the effect of the speed variation on the estimation of the rotor resistance 

through the deduced relationship from the mathematical model of the induction 

motor is lower than if the estimation of the rotor resistance is done by means of 

an adaptive estimator (see [18]); 
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 the estimator has a very good convergence, with the settling time being less 

than 2.5 [sec], in the case of a sudden change in rotor resistance; 

 reduces errors in estimating speed and rotor flux, so that the dynamic 

performances of the sensorless vector control systems is much better; 

 the parametric stability domain of the sensorless vector control system is much 

greater than if the extended Gopinath observer is not compensate (see [18]); 

 the use of a sensorless vector control system containing an extended Gopinath 

observer compensated by rotor resistance, allows the elimination of auxiliary 

ventilation systems of the induction motors. 

The main disadvantage of the compensation method of extended Gopinath 

observer is avoidance to zero division, which occurs in the mathematical relation what 

defines the rotor resistance estimator. 

Given the above, we consider that the proposed observer can be successfully 

used within industrial applications. 
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Abstract: The article presents a simple solution for estimating the electrical and 

mechanical parameters of an induction motor. The estimation methods of induction motor 

parameters are tested by simulation in Matlab-Simulink. 
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1. INTRODUCTION 

 

At present, the induction machine is the most used electric machine in various 

industrial applications. However, one of the most important problems in the 

implementation of vector control systems is the determination of the electrical and 

mechanical parameters of the induction machine. Any inconsistency between the 

determined, identified, or estimated parameters, and the real induction machine 

paramet1ers, will affect the dynamic performance of the vector control system. On the 

other hand, it is known that the electrical parameters of the induction machine are 

affected by temperature, saturation and frequency. For this reason, in many vector 

control systems is prefer the on-line estimation of the induction machine's electrical 

parameters, and on the basis of the estimated values, adaptation of the flux observers 

and controllers in the control system component is made [4],[6]-[8],[13],[14]. Another 

approach to determining the parameters of an induction machine is based on methods 

of off-line identification of parameters, when the vector control system is put into 

operation [1]-[3],[5],[12],[15]. For this purpose either „DC test” or „AC test” is used.  

Taking into account the advantages of on-line estimation methods, this article 

presents a method of on-line estimation of the parameters of an induction motor, based 

on an extended Gopinath observer [9]-[11],[13].  
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2. ESTIMATING THE ELECTRICAL PARAMETERS 
 

To determine the mathematical expressions of the electrical parameters 

observers of an induction motor we will use an adaptation mechanism. The adaptation 

mechanism processes the errors, obtained in the outputs of two estimators (models), 

based on  the d-q components of the rotor flux and the stator current. 

One of the estimators (models) does not contain the estimated parameters and 

is called Reference Model (the induction motor), and the other contains the estimated 

parameters and is called Adjustable Model (the extended Gopinath observer), due to 

the fact that it is permanently corrected by the last estimated values of the parameters. 

From the above, we notice that these types of estimators are adaptive systems 

based on what is called the Model Reference Adaptive Systems (MRAS). 

 Estimation of rotor and stator time constants 

In order to determine these parameters, the Reference Model is defined by the 

model of „stator currents - rotor fluxes”, of the induction motor [11] 

d
x A x B u

dt
                                                           (1) 
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On the other hand, the Adjustable Model is given by an extended Gopinath 

observer (EGO), defined by the following relationship [13] 

a b x

d d
x A x A x B u G C e

dt dt
                                         (2) 
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In the extended Gopinath observer, the Aa, Ab and G arrays are marked with 

„~”, because they are adapted at each moment depending on the two estimated 

parameters. 

On the other hand, it can be seen that the matrices Aa and G are adapted at each 

moment, depending on the rotor speed measured, by an encoder. 

In order to determine the mathematical expressions defining the adaptation 

mechanism, we will use the terminology of asymptotic stability in the Lyapunov sense.  

In this regard, the following Lyapunov function is built [13] 
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In relation (3), constants λ1 and λ2 are arbitrary and positive constants. If the 

errors of estimation of the rotor flux are neglected, the derivative of function (3) is 

negative, if the following equations are satisfied [13] 

*

1 14 1 2r

d
T a e e

dt
                                                (4) 

 

*

2 11 1 2
ˆ ˆ

s ds qs

d
T b e i e i

dt
                                                 (5) 

 

where:                              * ˆˆ
dr m dsL i     ; * ˆˆ

qr m qsL i      

 

If the variation in time of the estimated variables is in significantly larger than 

that of the real variables, relations (4) and (5) become: 
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Within the relations above, constants k1 and k2 are chosen to achieve the 

desired dynamic regime. 

Relations (6) and (7) represent the general formulas used in the construction of 

the adaptation mechanism. 

If a much better control of the dynamic performances of the adaptive 

estimators is desired, the following relationships can be used [13] 
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From relations (8) and (9), we can see that the adaptive estimators have every 

two coefficients (one of  proportionality „kr”  and one integration coefficient  „ki”) by 

means of which the dynamic performances are controlled. 

 Estimation of rotor and stator resistances 

For the simultaneous estimation of rotor and stator resistances, the same 

strategy is adopted as in the previous case.The Lyapunov function chosen for this case 

is 
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In relation (10), the constants λ3 and λ4 are arbitrary and positive constants. If 

errors of estimation of the rotor flux are neglected and assumed that the variation in 

time of the estimated variables is in significantly larger than that of the real variables, 

the mathematical expressions on the basis of which the rotor and stator resistances are 

estimated are: 
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*

0

ˆ
t

r r a i aR t k t k d                                          (11) 

 

     
4 4

*

0

ˆ
t

s r b i bR t k t k d        
                               (12) 

 

where:                 1 2a t e t t e t t      ;          1 2
ˆ ˆ

b ds qst e t i t e t i t     ; 

     * ˆˆ
dr m dst t L i t     ;      * ˆˆ

qr m qst t L i t     . 
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In this case, the extended Gopinath observer is also defined by relation (2), but 

the matrices Aa, Ab and G are adapted at each moment according to the estimated 

values of the rotor and stator resistances. 

The coefficients of the matrices in the extended Gopinath observer component, 

adapted to the estimated values of rotor and stator resistances, are: 
* * *

11 a ba a a  ; * * *

12 13 14 p ra a j a z      ; * *

21 31a a ; * *

22 33 p ra a j z     ; 

a bg g j g   ; 

   

* *

31 33

2 2
*

33

a

p r

a a
g k

a z 


  

 
; 

   

*

31

2 2
*

33

p r

b

p r

a z
g k

a z





 
 

 
; 

*

* *

1

ˆa

s

a
T 

 


;
*

*

* *

1

ˆb

r

a
T






 


; 

*
*

13 * * * *ˆ
m

s r r

L
a

L L T 


  
; 

*
*

14 * * *

m

s r

L
a

L L 


 
; 

*
*

31 *ˆ
m

r

L
a

T
 ; 

*

33 *

1

ˆ
r

a
T

  ;
*

*

*

ˆ
ˆ

s
s

s

L
T

R
  ; 

*
*

*

ˆ
ˆ

r
r

r

L
T

R
 ; 

 
2

*

*

* *
1

m

s r

L

L L
  


. 

 

 Estimation of rotor and stator inductances 

To achieve simultaneous estimation of rotor and stator inductances, are used 

both the extended Gopinath observer for estimating inverse rotor and stator time 

constants, as well as the extended Gopinath observer used to estimate rotor and stator 

resistances.  

In these conditions, the following relationships are used for the determination 

of the rotor and stator inductances: 
* * *

* * *

ˆ ˆ

ˆ ˆ

r r r

s s s

L T R

L T R

  


 

                                                     (13) 

 

Due to the remarkable robustness of the extended Gopinath observer at the 

variations of the rotor and stator inductances, it is not adapted to these estimated 

values. 

 Estimation of mutual inductance 

In order to determine the mutual inductance, we will use the extended 

Gopinath observer used in estimating the inversion of the rotor time constant, as well 

as the estimated values of the d-q components of the rotor flux and the stator current, 

given by this observer.  

To determine the mutual inductance, we will use the equations of the 

mathematical model of „stator currents - rotor fluxes”, of the induction motor. Under 

these conditions, mutual inductance is determined on the basis of the following 

relationship [11]: 
2*

2

*

ˆ ˆ
ˆ

2ˆ
ˆ ˆˆ ˆ

rr
r

m

dr ds qr qs

dT

dtL
i i




 

 


  

; 
2 2 2ˆ ˆ ˆ

r dr qr                       (14) 
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As in the previous case, due to the remarkable robustness of the extended 

Gopinath observer, it is not adapted to this estimated value. 

The block diagram of the observer, used in estimating all the electrical 

parameters of the induction motor is shown in Fig. 1. 
 

 

Fig.1. Block diagram of the electrical parameters observer of the induction motor 
 

3. ESTIMATION OF MECHANICAL PARAMETERS 

 

The estimated mechanical parameters are the inertia moment (J), the viscous 

friction coefficient (F) and the dry friction torque (Mf). The estimation method 

presented in this article does not require rotor removal. 

In order to estimate the mechanical parameters we will use the following 

equation of motion [11] 

r
e r f r

d
J M F M M

dt


                                      (15) 

 

where: Me is the electromagnetic torque given by the induction motor, and Mr is the 

resistant torque given by the working machine. 
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Taking into account the estimated values provided by the observer shown in 

Fig. 1, the electromagnetic torque developed by the induction machine can be 

estimated based on the following relationship [11]: 

 
ˆ3ˆ ˆ ˆˆ ˆ
ˆ2

m
e p dr qs qr ds

r

L
M z i i

L
 




                                      (16)  

 

From the above we can see that the estimation of the mechanical parameters 

can be made very easy in the conditions when we do not have a working machine 

coupled to the induction motor shaft. In these conditions the resistant torque is null and 

the relation (15) can be written as follows: 

r
r f e

d
J F M M

dt


                                          (17) 

 

In order to determine the mechanical parameters, the relation (17) is 

discretized by the Euler method . In these conditions we get the following 

mathematical expression: 

     ˆ
e r e f e eJ m T F m T M M m T          ; 0,1,2,m         (18) 

 

where:  
    1r e r e

e

e

m T m T
m T

T

    
   , eT  is the sampling time. 

Under these conditions, the equation presented above can be written as such 

       Ty m m m e m    ; 0,1,2,m                      (19) 

 

where:  e m  is the error of approximation of the derivative;    ˆ
e ey m M m T  ; 

      1
T

e r em m T m T       ;        
T

e e f em J m T F m T M m T       . 

It can be noticed that the mechanical parameters of the induction motor are 

obtained from the optimal solution of the system (19). In order to solve the system we 

will use a Kalman filter.  

The Kalman filter algorithm, used in solving the system (19) is 

            

 
   

     

         

2

1

1 1 ; 0,1,2,

1

1

1 1

T

T

T

m m K m y m m m m

P m m
K m

R m P m m

P m P m R K m m P m

   



 



        

  


   


      

       (20) 

 

where: R1 is the drift matrix of the Gaussian white noise vector that affects the vector 

of the mechanical parameters, and R2 is the error variant R2=var(e), and P is the 

covariance matrix indicating the parameter errors.  



OLIMPIU STOICUȚA, LORAND BOGDANFFY 

The algorithm proposed above requires the following initializations 

  00
1

m
m 


  ;   00

1
m

P m P


                                 (21) 

 

and an appropriate choice of both the covariance matrix R1 and the variant R2. 

The block diagram of the observer used in estimating all the electrical and 

mechanical parameters of the induction motor is shown in Fig. 2. 
 

 

Fig.2. Block diagram of the electrical and mechanical parameters observer. 

 

4. SIMULATION RESULTS 

 

Validation of the estimators presented in this article is done by simulation in 

Matlab-Simulink.  

In this respect, is used an induction motor of 4 [kW], having the electrical and 

mechanical parameters presented in Table 1.  

The parameters presented in Table 1 are determined experimentally using an 

offline method. 
 

Table 1. Induction Motor Parameters 

 Name Value  Name Value 

Rs Stator resistance 1.405 [Ω] F Friction coefficient 0.002985[N·m·s/rad] 

Rr Rotor resistance 1.395 [Ω] nN Rated speed 1430 [rpm] 

Ls Stator inductance 0.178039 [H] zp Number of pole pairs 2 

Lr Rotor inductance 0.178039 [H] fN Rated frequency 50 [Hz] 

Lm Mutual inductance 0.1722 [H] UN Rated voltage  400 [V]   

J Motor inertia 0.0131[kg·m2] Mf Friction torque 3.4 [N·m] 
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In the simulation, the parameters of the observer present in Fig. 1, are 

initialized with the values of the electric parameters of the induction motor given in 

Table 1.  

The simulation is made assuming that the induction motor is preheated. As 

such, in the initial moment, the rotor resistance is considered with 20% higher than the 

rated value, while the stator resistance is considered with 15% higher than the rated 

value. After 10 seconds, the values for rotor and stator resistances are abruptly 

increased by 25% and 20% from their rated values.  

The observer shown in Fig. 2 is tested in the open loop, in the case of direct 

starting of the induction motor. During the simulation, it is assumed that the stator, 

rotor and mutual inductances does not change over time.  

In the simulation, equations are solved based on the Dormand - Prince method 

(ode 45), using a relative and absolute error of 610  . 

In the simulation, the coefficients of proportionality and integration, in the 

relations component (8), (9), (11) and (12), are: 
 

1
0.1rk  ; 1 40ik  ; 

2
0.1rk  ; 2 30ik                                 (22) 

 

3 4
1r rk k  ; 

3 4
10i ik k                                        (23) 

 

In simulation of the observer in Fig. 2, the Gopinath proportional coefficient 

has the following value: 0.2k  . The simulation program in Fig. 2 was run on a 

numerical computing system that has a Windows 10 operating system installed on 64 

bits. The computing system is developed around an I7-4720HQ processor, with a 

2.6GHz frequency and an 8GB RAM.  

The simulation results are shown in the following figure. 
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Fig.3. The dynamic performances of the electrical parameters observer of the induction motor. 

 

The transient responses of the observer, have oscillations that are amortizing 

very quickly. From the graphs in Figure 3, it is noted that the settling time is about 0.4 

[sec] when estimating of the stator resistance and stator inductance and much less in 

the other cases (about 0.2 [sec]). On the other hand, when rotor resistance and stator 

resistance suddenly increase, it is noted that the settling time is about 0.6 [sec] when 

estimating of the stator resistance, stator inductance, and mutual inductance. 

In simulation test, the induction motor is functioning under load, having at its 

shaft a resistant torque equal to that of the rated torque of the induction motor 

(27[Nm]). Simulation of the mechanical parameters estimator of the induction motor 

shall be made taking into account the following initializations: 

0

T

fJ F M     ; 1 30.98R I  ; 2 1R  ; 6

0 310P I   ;  0.001 seceT        (24) 

 

where: I3 is the third-order unit matrix, and J, F si Mf are equal to values from Table 1. 

The simulation results are shown in the following figure. 
 

 

 

 

Fig.4. The dynamic performances of the mechanical parameters observer 
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From the graphs of Fig. 4, we can see the sudden variation in stator resistance 

and rotor resistance affect the dynamic performance of the observer. Stationary 

estimation errors when starting the induction motor, are maximum 3.3%. After rotor 

resistance and stator resistance suddenly increase (see time of 10 [sec]), stationary 

estimation errors are less than 1.1% for friction coefficient and friction torque and the 

approximately 26%, for motor inertia.  

Increasing the dynamic performances of the mechanical parameters observer, 

can be done by decreasing the sampling time and by better choosing the covariance 

matrices. 

 

5. CONCLUSIONS 

 

Following the simulation analysis of the observer presented in this article, we 

can conclude that it has good dynamic performances and can be used successfully 

instead of existing on-line observers. 

The observer analyzed in this article requires an initialization of the electrical 

and mechanical parameters that can be obtained either through measurements or 

through an off-line identification.  

In order to increase the robustness of the observer presented in the article to the 

variations in time of the inductances, it is possible to adaptation the extended Gopinath 

observer according stator, rotor and mutual inductance estimated. 

Following the simulation analysis, it was observed that the dynamic 

performances of the mechanical parameter observer can be improved, either by 

choosing the appropriate sampling time, or by better choosing the covariance matrices. 
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