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About

T h e Electrotehnică, Electronică, Automatică (EEA) [Electrical Engineering, Electronics,
Automation] is a peer-reviewed scientific journal in the field of the engineering published by
“Electra” Publishing House (as part of Icpe).

Scope 
The EEA Journal aims to publish only those papers that by the new ideas and the results shown
to bring significant contributions to research in the Romanian and international avant-garde
engineering as electrical engineering, electronics, automation and other engineering sciences. 

Abstracting and indexing
The EEA journal is included in the B+ category by the National Council of Scientific Research in
Higher Education (CNCSIS) and indexed in international databases: 
Ulrichsweb.com™ (1997-present) (Since 2007, Ulrich’s becomes a part of Serials Solutions in the
ProQuest family.) 
Index Copernicus International (2009)
Elsevier- Engineering Village-Scopus (2012)
Elsevier- Engineering Village-Compendex (2012)
ProQuest (2010)
EBSCO (2014)
Currently, EEA is under evaluation by Thomson Reuters - ISI.

Description
The EEA Journal is founded in 1950 under the name „Electricitatea” (ISSN 1220-2533; vol. 1-3)
that, in 1953, changed its name in „Electrotehnica” (ISSN 0013-5321; vol. 1-22) that, in 1975, after
including „Automatica și Electronica (ISSN 1220-2584), is published under the present name
„Electrotehnica, Electronica, Automatica (EEA)” (for further details, please read “History” and
“Journal Genealogy” on this site).
Since the early issues, although it was the only scientific journal specialized in the field of
electrical engineering, and the EEA has been highly rated thanks to the scientific level of its
papers.
The Editorial Board includes academicians, university professors and researchers from Romania
and abroad that are well-known personalities in the field of engineering sciences (especially, in
electrical, electronics, automation, computer science and other fields of engineering, etc.). 
At present, the EEA is recognized as a leader among the scientific publications for the quality and
high standards of the papers belonging to the field of engineering sciences. The authors are
specialists, researchers and academics from Algeria, Belgium, PR of China, Finland, France,
Germany, Italy, Moldova, Slovakia, Hungary, etc. 
In the EEA, there are published original papers, that haven’t been previously published and are
not under consideration for publication somewhere else, as well as papers presented at
conferences only if they have not been published (partially or fully) in the proceedings of that
scientific event (min. 6 pages, max. 16 pages), syntheses of research projects, scientific debates
and syntheses on priority themes of fundamental and applied research (max. 20 pages), reviews /
reading notes of the latest scientific and technical books (max. 1 page), commented lists of
bibliographic resources in engineering sciences (max. 8 pages).
Papers should be written in English.

All rights reserved:
Icpe, through the Publishing House “Electra”, as the copyright holder of the Electrotehnică,
Electronică, Automatică (EEA) [Electrical Engineering, Electronics, Automation] reserves and
holds for their own use, all the rights provided by the copyright law, such as distribution,
performance, and creation of derivative works.
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Power and distribution transformers are very important equipment in a power system. In an application, they 
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1. Introduction 

Power and distribution transformers represent the 
largest portion of capital investment in transmission and 
distribution substations. Its importance is an obvious axiom 
in modern power systems. Transformer outages have a 
considerable economic impact on the power system 
operations. Transformers are major components in power 
systems [1-6]. Overloading of transformers can become 
necessary in open electricity markets due to economic 
reasons or simply to ensure continuous energy supply. 
During an overload circle accelerated ageing and damages 
have to be strictly avoided [7-8]. It was assessed the state 
of transformer research in some countries [9-10]. It is 
essential to carefully study its thermal behaviour [11-12]. 
One of the most important parameters governing a 
transformer’s life expectancy is the hot-spot temperature 
(HST) value. The classical approach has been established to 
consider the hot-spot temperature as the sum of ambient 
temperature, top-oil temperature rise and hotspot-to-top-
oil temperature gradient [13-16]. For transformer cooling 
when load changes, transformer oil is better than silicon oil 
[17-18]. The calculations were needed to design a 
transformer. The optimization algorithms improved the 
model adequacy, consistency as well as accuracy [19-20]. 
The toolbox using GUI has been developed for the 
transformer tests [21]. The model parameters and the 
precise calculation of power losses distribution were 
needed. The distribution and power transformers can be in 
the challenging future smart grid. [22-23]. The simulation 
of transitional airflow onto a flat plate of transformer was 
validated through the experiments. The no-load losses 
consisted by the hysteresis and eddy current losses [24-25]. 
The load loss of a transformer consists of losses due to 
ohmic resistance of windings and additional losses, such as 

stray losses. The temperature rise was caused by both 
Joules and stray losses. The ageing of transformers is 
influenced by short term and long term over loads, number 
and intensity of short circuits, incidence of lightning, and 
internal faults [26-29]. The consumers have become 
increasingly aware of fires and explosions involving oil-
filled transformers located in power plants or substations. 
The winding loss was to add the obtained asymmetric 
magnetization current to the load currents [30-31].  

There are two kinds of transformer thermal models, 
IEEE TOT/HST and ASU TOT/HST models [32]. The 
temperature rise test is to evaluate the methodology being 
currently used in the industry and to propose improvements 
by applying concise analysis, electrical power engineering 
principles and optimization theories in order to increase 
measurement accuracy while also reducing test 
performance times. The affecting factors of winding 
temperature rise are winding resistance, ambient 
temperature, oil temperature, load loss and core 
temperature [33-34]. The thermal effect, moisture, 
acidity, oxygen, etc were the controlling factor in 
determine transformer lifetime. For every 1 C ambient 
temperature reduction, from standard 30 C, releases 
approximately 1 % of overloading capability [35-36]. 
Thermal aspects affect transformer design. Therefore, the 
heat transfer at the winding surface is determined by the 
cooling conditions. Transformers ageing are one of the 
critical issues utilities [37-38]. The increased transformer 
loss caused by non-linear loads leads to an increase in 
transformer temperature, fatigue and premature failure. 
The losses in the windings and the core cause temperature 
rises in the materials. The most warm up parts of 
transformer were coils, and then core and oil [39-41]. The 
ONAN type transformers may lead to more general and 
more reliable recommendations regarding the influence of 
different heat sources space distribution.  
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The intensity of thermal ageing is dependent on the 
hot-spot temperature [42-43].  

The limitation on the loss of life of the insulation and 
the winding hottest-spot temperature are the driving 
factors for overload limits. It gives a better understanding 
of the thermal performance of the transformer and it can 
be built up before the transformer is manufactured. The 
hot-spot temperature is not strongly influenced by the 
value of the hot-spot factor. The hotspot temperature of 
disc windings has a close relation with the transformer age 
due thermal behaviour. The degradation of electrical 
insulation in transformers is traced to thermoelectric 
processes. The hot spot temperature depends on 
instantaneous load, ambient temperature, winding design 
and cooling model. The oil temperature rise would be 
reduced by increasing the number of ribs and enlarging 
their dimensions. Dimensional changes made to the 
optimized cooling, increased oil cooling efficiency and 
significant cost savings. A monitoring system was 
considered essential to ensure reliability and sustainability 
of the transformer. Thermal design of oil-cooled 
transformers is generally done by empirical lumped 
parameter methods. Consideration of significant variation 
of ambient temperature into transformer thermal 
dynamics, seams a questionable from the 
thermodynamically point of view. Maximum hot-spot 
temperatures and relative loss of life may be 
underestimated when transformer operates under larger 
and severe overloads and with correlation between load 
and ambient temperature. If a transformer becomes too 
hot internally, then the insulation materials will degrade 
faster and the operating lifetime of the transformer will be 
shortened. Transformers in presence of winding short 
circuit faults are most important causes of failures. The 
estimating concept of overloading and thermal 
performance could be simplified as a thermal model. This 
is equivalent to limiting the aging acceleration factor (rate 
of loss of insulation life) to a pre-determined limit. The 
largest influence came from the top oil temperature where 
the variable viscosity test cases produced temperatures 
approximately 20 C higher than the constant viscosity 
cases. The higher overload of the error is more pronounced 
as the oil viscosity effect [44-61]. 

Air temperature distribution was quite uniform but it 
possess a heat reservoir for the heated oil within the 
transformer. The loading guide offers relations for the 
calculation of the HST based on per-unit load. The 
insulation hot-spot temperature was the most critical 
quantity during transformer loading. The temperature was 
needed to consider when developing transformer-aging 
models. The top oil temperature and hot spot temperature 
as two criteria to evaluate the load ability and the 
insulation life of transformer. The effect of thermal stress 
was on the lifetime of the transformer [62-68]. 

The life of a transformer depends on the life of its 
insulation system and it is primarily dependent on 
transformer operating temperature.  

The hottest-spot temperature and the exposed time 
reduce the mechanical tensile strength and the degree of 
polymerization of insulation. The hot-spot temperature 
values are used to calculate aging parameters, which 
include the aging acceleration factor, time dependent 
relative aging rate and insulation life loss. The loads or 
temperature ranges were wide or arithmetic it presents 
considerable values. The essential knowledge for a 
transformer reliable operation was achieved by using 
thermal transformer models.  

The harmonic distortion can cause unnecessary winding 
loss and typical temperature rise, and decreases its life 
expectancy. [69-75] 

The objective of research was to investigate the 
transformer losses and temperature rise based on the 
empirical equation and the sample of temperature 
measurements. Based on these parameters, it could be 
calculated the losses, output powers, and efficiency against 
to the temperature rises and the load currents. 

2. Materials and Methods 

The technical data of the transformer are 1 MVA, 50 Hz, 
28.90 A, Dyn5 of vector group, 6.0 % of impedance, 
2.52 tons. For this transformer, the nominal no load and 
load losses (P0 and Pk) were 2.3 kW and 9 kW respectively. 
Finally, by the calculation, the transformer surface area 
(At) was 117,684 cm2.  

The output power from the transformer was less than 
the input power. A much power distinction is converted 
into heat by core and winding losses. A combination of 
radiation and the heat dissipated is from the unprotected 
surface of transformer. The dissipated heat depends on the 
total surface area that is unprotected from the original core 
transformer and the total surface area that is not protected 
from the windings. The temperature rise in the transformer 
is difficult to predict precisely. One approach was to 
combine losses in the winding with core losses in 
transformers and assumed the heat energy dissipated 
uniformly through the surface to the core and winding of 
transformer at ambient temperature conditions. It is not a 
bad assumption considering most transformer surface area 
is the ferrite core winding rather than winding area with 
thermal conductivity (around 40 mW/cm/C) is poor at any 
temperature. With these assumptions, the amount of 
temperature rise in a transformer could be calculated by 
the following formula [76]. 

 (1) 

where ,  and were temperature rise (C), total 
transformer losses (mW/cm2) and transformer surface area 
(cm2).  

  (2) 

where P0 and Pk were no load and load losses respectively. 

  (3) 

 (4) 

For three phase power  

  (5) 
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3. Calculation Results and Discussion  

From the results of calculations, it could be calculated 
the power losses against the temperature rise which can be 
seen in Figure 1 below. 

 
Figure 1. The power losses versus the temperature rise 

It is seen that the core and total losses linearly rose as 
the temperature rise increased. Based on this curve, the 
total power loss and the core loss output powers would 
increase as the temperature rise increased too, with the 
average of 0.25 kW/C and 0.30 kW/C respectively. Figure 
2 shows the ouput power as function of temperature rise.  

 
Figure 2. The calculated power output to the temperature 

rise 

Both quantities would rise in proportional. The output 
power increased as the temperature rise rose, as 
6.4 kW/C. Table 1 lists the data of temperature rises, both 
measurement and calculation results.  

Table 1. Calculation and measurement of themperature rise  

Measurement results  

T (oC) 

Calculation results  

T (oC) 

24 10.66 
23 15.00 
19 21.76 
19 22.70 
22 13.72 
21 15.54 
21 16.07 
22 16.41 

The difference of the temperature rises between the 
calculation, and the measurement results were predicted 
to be caused by the less accurate of reading on the 
thermometer when the retrieval of data and it took a time 
for reading the thermometer. 

From the calculations those have been done, the 
efficiencies of transformer depended on the transformer 
power output, so that when the output power increased, 
then the temperature rise and the efficiency decreased. 
Therefore, it was obtained the graph of efficiency against 
the temperature rise (T), as shown in Figure 3.  

 
Figure 3. The efficiency to the temperature rise 

The increasing temperature rise made the transformer 
efficiency fairly reduced. The efficiency would reduce as 
the temperature rise increased as the average of  
-6.41 %/oC. 

Table 2 lists the sample of measurement results.  

Table 2. Sample of measurement results  

No Time 
Voltage 
(Volt) 

Current (A) Average 
Current 
(A) 

Cos  
T 
(oC) IR IS IT 

1 08.00 300 400 417 410 409.0 0.71 24 
2 09.00 400 420 410 410 413.3 0.73 23 
3 10.00 500 500 550 500 516.7 0.75 19 
4 11.00 520 510 500 510 506.7 0.74 19 
5 12.00 360 410 450 480 446.7 0.70 22 
6 13.00 390 450 500 480 476.7 0.72 21 
7 14.00 400 430 510 500 480.0 0.73 21 
8 15.00 430 400 400 430 410.0 0.72 22 

 
Nevertheless, the average current values were based on 

the three phase of currents. It is shown that the voltage, 
current and power factor changed on every hour 
measurement. Nevertheless, generally, the temperature 
rises would increase as the load currents rose. 

Table 3 lists the calculation samples of current and 
powers.  

Table 3. Sample of calculation results  

Srat 
(kVA) 

Current (A) Average 
Current 

(A) 

 
 

(W) 

 

(W) 
IR IS IT    

300 400 417 410 409.0 230.4 250.4 242.1 722.9 1293.9 
400 420 410 410 413.3 254.0 242.1 242.1 738.1 2300.2 
500 500 550 500 516.7 360.0 435.6 360.0 1155.6 3594.0 
520 510 500 510 506.7 374.5 360.0 374.5 1109.1 3887.3 
360 410 450 480 446.7 242.1 291.6 331.8 865.4 1863.1 
390 450 500 480 476.7 291.6 360.0 331.8 983.4 2186.6 
400 430 510 500 480.0 266.3 374.5 360.0 1000.8 2300.2 
430 400 400 430 410.0 230.4 230.4 266.3 727.1 2658.1 
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Generally, the powers would increase as the currents 

rose. Table 4 lists the calculation samples of power, 
efficiency and temperature rise calculation results. 

Table 4. Sample of power, efficiency and temperature rise calculation results  

(W) 

 

(kWatt) 

 

(Watt) 

Pin 

= 
Po+Pk+Pout 
(Watt) 

 (%) 
 

(oC) 
Pout-R Pout-S Pout-T 

2016.7 49.2 51.3 50.4 150.9 152.9 98.68 10.66 
3038.3 70.8 69.1 69.1 209.0 212.1 98.57 15.00 
4749.6 108.3 119.1 108.3 335.6 340.3 98.60 21.76 
4996.4 113.3 111.1 113.3 337.7 342.7 98.54 22.70 
2728.6 59.7 65.5 69.8 195.0 197.7 98.62 13.72 
3170.0 73.0 81.1 77.8 231.8 235.0 98.65 15.54 
3301.0 72.5 86.0 84.3 242.8 246.1 98.66 16.07 
3385.2 71.5 71.5 76.9 219.9 223.2 98.48 16.41 

 
Based on figures 4-7, the output powers would rise 

quadratically as the loading currents rose. 
Figure 4 shows the phase-R power output versus the 

current magnitude. Generally, the output power would 
increase quadratically as the loading current rose. 
 

 
Figure 4. The phase-R power output to the current magnitude 

Figure 5 shows the phase-S power output versus the 
current magnitude. Generally, the output power would 
increase quadratically as the loading current rose. 

 

 
Figure 5. The phase-S power output to the current magnitude 

Figure 6 shows the phase-T power output versus the 
current magnitude. Generally, the output power would 
increase quadratically as the loading current rose. 

 

 
Figure 6. The phase-T power output to the current magnitude 

Figure 7 shows the total power output to the average 
current magnitude.  

 

 
Figure 7. The total power output to the current magnitude 

Figure 8 shows the efficiency versus the average current 
magnitude on three phase. 

 
Figure 8. The efficiency to the current magnitude 
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Figure 9 shows the temperature rise versus the average 
current magnitude on three phase. The temperature rise 
would increase quadratically as the current rose. 
 

 
Figure 9. The temperature rise to the current magnitude 

Figure 10 shows the core and total losses versus the 
average current magnitude on three phase. 
 

 
Figure 10. The core and total losses to the current magnitude 

Figure 11 shows the correlation between the losses 
against the output power in linear. 
 

 
Figure 11. The core and total losses versus the output power 

4. Discussion 

Figure 1 indicates that the core and total losses were 
linier to the temperature rise, where the temperature rise 
increase as the loss as the losses increased too. For this 
case, the empirical equations are Pc(kW)=0.214(T)-1.02 
and P(kW)=0.249-0.686 for the core and total losses 
respectively. If these equations were be reversed, the 
become (T) = 4.67 Pc(kW)+4.766 and T=4.016P+2.755 
respectively for core and total losses.  

Thus, the temperature rise is strongly depending on the 
core and total losses, more than four times. 

Figure 2 shows the relation chart between the output 
power and the temperature rise, as the empirical 
regressive equation is Pout(kW)=16.25(T)-27.52 or in 
reverse T=0.962Pout(kW)+1.694. Base on this equation, the 
temperature rise was slightly influenced by the load. Thus, 
the temperature rise was dominantly influenced by the 
losses rather than the loading. However, both losses were 
tightly depending on the output power.  

Figure 3 shows that the efficiency would reduce as the 
temperature rise increased. In the exponential, the 
relation is (%)=98.7e-0.00008(T) or in the linear, the relation 
is (%)=-0.0079(T)+98.7. Thus, the temperature rise 
would determine the efficiency considerably. 

Figure 4 shows the correlation of phase-R output power 
against phase-R loading current, as PR(kW)=0.39I2 or 
PR(kW)=5.587e0.0059I.  

Figure 5 shows the correlation of phase-S output power 
against phase-S loading current, as PS(kW)=0.37I2 or PS(kW) 
= 11.4e0.0041I. Figure 6 shows the correlation of phase-T 
output power against phase-T loading current, as PT(kW) = 
0.37I2 or PT(kW)=7.88e0.005I.  

While, Figure 7 shows the chart of correlation the total 
power versus the three-phase average current. The 
correlation is PT(kW)=0.00113I2 or PT(kW)=20.7e0.0053I. 
Based on these correlations, they show quadratically 
behaviour. However, they are with small constants, tend to 
be linear. 

Figure 8 indicates the correlation of efficiency versus 
the average current. Based on these data, the efficiency 
would increase slightly as the average current increased. 
This correlation is (%) = 0.0001875Iav + 98.5 or 

(%)=98.5e2E-6I. 
Figure 9 shows the chart of temperature rise against the 

average current. The correlation tent to be linear. In the 
exponential, the correlation is T(oC)=2.246e0.0043I or in 
linear, it is T(oC)=0.072I-16.5. 

Figure 10 shows the chart of core and total losses 
against the average current. The correlation tent to be 
quadratic. In the quadratic equations, the correlations are 
Po(kW)=0.000012I2 and P(kW)=0.000016I2 respectively for 
the core and total losses. 

In figure 11, the regression is Pcoreloss = 0.01267Pout-0.53, 
or reverse it is Pout=78.92Pcore+41.825. On the other hand, 
Ptotalloss=0.015Pout-0.18, reverse it is Pout=66.64Ptotalloss+12. 
Thus, the output power tightly depended on the core and 
total losses. 

Based on above figures, the linear graphics were the 
core and total losses versus the temperature rise, the 
output power versus the temperature rise and the loss 
power versus the output power. Therefore, it is said the 
losses, the output power and the temperature rise were 
closely correlated. Thus, the temperature rise was 
dominantly caused by the losses, rather than the loading 
power. Nevertheless, the power losses were significantly 
depending on the loading power. 

5. Conclusions 

From the yielded calculations, the temperature rise 
were obtained for power ouput on the transformer. The 
greater the total power losses, the greater the temperature 
rise. Nevertheless, it was depending on the power output 
of transformer. 

The temperature rise largely increased, the 
transformer could lead to decline the transformer 
performance, that by indicated smaller of the transformer 
efficiency. The temperature rise was dominantly caused by 
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the power losses, rather than the loading power. Indeed, 
the power losses were significantly depending on the 
loading power. 
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