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INTRODUCTION
The transformer in electrical power system 

plays a vital role for increasing the voltage for 
transmission and reducing for distribution and 
utilization [1]. The continuous operation, over 
loading and poor selection of core material 
produces losses in which badly affect the 
efficiency of transformer and may result in 
burnt out the winding [2] and [3]. The aim of 
this study to find out the causes and effects of 
losses in the transformer by experimental and 
simulation approach [4] and [5] due to vital 
role in power  engineering [6]. The conventional 
methods which are applying is on assumption 
made and the results in this research paper may 
lack of in accuracy during practical application 
[7]. The open, short circuit tests and simulation 
results are conducted to facilitate the researcher 
to analyze the losses of transformer [8] and [9], 
and [10]. Conversely, simulation results can 
complement experimental findings by providing 

insights into phenomena that may be challenging 
to observe directly. Overall, the integration of 
experimental and simulation methods offers a 
promising approach for analyzing transformer 
losses and optimizing transformer design 
and operation [11]. This approach bridges the 
gap between theoretical models and practical 
applications, enhancing our understanding of 
transformer performance and facilitating the 
development of more efficient and reliable 
power systems. Two types of losses occurred in 
the transformer, iron and copper losses. The iron 
losses occurred in the core of transformer which 
covers the performance and efficiency. During 
operation of transformer proper magnetization 
and demagnetization is essential even at no load 
[12]. It is essential to reduce the iron losses in 
avoid poor operation and efficiency of [13]. The 
iron loss is divided into two parts hysteresis and 
eddy current losses [9]. The selection of core 
material is important for reducing the hysteresis 
loss because it is more dependent on magnetic 

Copyright © The Author(s). 2024 
This is an open-access article 
distributed under the terms of 
the Creative Commons Attribute 
4.0 International License, 
which permits unrestricted use, 
distribution, and reproduction in 
any medium, provided the original 
author(s) and source are credited. 

How to cite: 
Soomro, A. H., Narejo, F. A., 
Sohoo, Z., & Bhayo, S. R. (2024). 
Comprehensive Analysis of 
Transformer Losses-Merging 
Experimental Insights with 
Simulation Techniques. Siazga 
Research Journal, 3(4)., 11–17.
h t t p s : / / d o i . o r g / 1 0 . 5 2 8 1 /
zenodo.15411123

abdul.hameed@uolrk.edu.pk
© 2024 |  University of Loralai, Balochistan - Pakistan

02-SRJ-350-109

The University of Larkano

The transformer in electrical power system plays a vital role for 
increasing the voltage for transmission and reducing for distribution and 
utilization. The continuous operation, over loading and poor selection 
of core material produces losses which badly affect the efficiency of 
transformer and may result in burnt out the winding.  The students 
of electrical department conducted the survey at 132 kV grid station 
Larkana and physical understand the parts of transformer and execute 
the hand on experiments in the laboratory for the understanding of 
losses effect on transformer. The practical results are also authenticating 
through MATLAB Simulink software. The aim of this study to find out 
the causes and effects of losses in the transformer.
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properties of core material [14]. The eddy 
current loss is also known as circulating current 
loss in the transformer tank and depend on the 
thickness and conductivity of core material [15]. 
The combination of both losses is referred as tank 
losses and measured through no load condition  
[16]. It is essential to reduce these types of losses 
to improve the efficiency of transformer [17]. 
These losses can be reduced by adding good core 
material and lamination of core [18]. The copper 
loss are another type of transformer losses 
which occurred in winding and mainly depend 
on the load of the transformer. The selection of 
good core material and avoiding overloading 
of transformer pushes transformer with higher 
efficiency

TRANSFORMER
Transformer is a static device which transfer 

electrical power from primary side to secondary 

side in shape of higher or lower voltage [19]. The 
principle of operation is based on induction. The 
primary and secondary windings are separated 
electrically but coupled magnetically and wound 
around the core [20]. Transformers are utilized 
for higher voltages to reduces the losses and the 
material required for installation and also selected 
for lower voltages for industrial, commercial 
and residential purposes [21]. The transformer 
also provide good isolation between input and 
output circuits and helps impedance matching 
for maximum power transfer efficiency [22]. 
Finally,  transformers are essential devices for 
the transfer of electrical power from generation 
to distribution network for maintaining power 
quality [23].. Figure 1shows the internal and 
external assembly of transformer [21]. The 
selection of good core material and avoiding 
overloading of transformer pushes transformer 
with higher efficiency

Fig. 1. Electrical Power Transformer

METHODOLOGY
The investigation was conducted at the 

Electrical Machines Laboratory within the 
Department of Electrical Engineering at the 
University of Larkano. The purpose was to assess 

the core and copper losses of a transformer. A 
range of equipment was utilized to evaluate 
these losses, employing both open circuit and 
short circuit tests, as illustrated in Figures 2(a), 
2(b), 2(c), and 2(d).

Fig. 2(a) Internal view of transformer
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Fig. 2 (b ) Voltmeter

Fig. 2(c) Ammeter

Fig. 2(d) Wattmeter

Core losses Test
Understanding the losses incurred by 

transformers is vital for evaluating their 
efficiency and operational performance. The 

open and short circuit tests are conducted to 
evaluate the both iron and copper losses. The 
open circuit diagram is shown in in Figure 3 and 
enlist the results in Table I.

Fig. 3. Connection diagram of core loss test
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Table I

Experimental results of core losses

S.No Item Result (Losses)

1 Voltage (220 volts) Current (0.12 ampere) 12.2 Watt

2 Voltage (200 volts) Current (0.094 ampere) 10.2 Watt

3 Voltage (180 volts) Current (0.073 ampere) 8.4 Watt

Copper loss Test
The copper loss test is proposed to analyzes 

the copper losses, in this test one winding (low 
voltage) is short circuited and other winding 

(high voltage) is open circuited. The Figure 4 
represent the connection of short circuit test 
[24]. The results based on experiment are given 
in Table II.

Fig. 4. Connection diagram of copper loss test

Table II

Experimental results of copper losses

S.No Item Result (Losses)

1 Voltage (10.4 volts) Current (2.088 ampere) 21.5 Watt

2 Voltage (8 volts) Current (1.612 ampere) 12.8 Watt

3 Voltage (7 volts) Current (1.189 ampere) 7 Watt

SIMULINK SOFTWARE RESULTS
A MATLAB simulation model has been 

devised to analyze the core losses and copper 

losses experienced by transformers. Figures 5(a) 
and 5(b) depict the open circuit and short circuit 
tests, respectively.

Fig. 5(a). Open circuit test simulation diagram
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Fig. 5(b). Short circuit test simulation diagram

Results and Discussions

A. Open Circuit Test 

It has been seen in simulation results that the 

core losses are decreased at 150 Volts and shown 
in Figures 6(a), 6(b), and 6(c), the RMS values of 
current, voltage, and power and tabulated in 
Table III.

Fig. 6(a). Normal Voltage 

Fig. 6(b). Core losses measured

Fig. 6(c). Current during core losses

B. Short Circuit Test

It has been seen in simulation results that the 
copper losses are 50 Watt at 150 Volts and shown 

in Figures 7(a), 7(b), and 7(c), the RMS values 
of current, voltage, and power and tabulated in 
Table III.
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Fig. 7(a). Normal Voltage

Fig. 7(b). Copper loss measured

Fig. 7(c). Current during copper loss

Table III

Simulation results of core and copper losses

S.No Test Item Result (Losses)

1 Open Circuit Test Voltage (150 volts) Current (0.9 milli ampere) 0.11 Watt

2 Short Circuit Test Voltage  (150 volts) Current  (0.6 ampere) 50 Watt

CONCLUSIONS
The experiment and Simulink software 

approach is employed to analyze the transformer 
losses and their effect on the performance. It 
is essential to reduce these types of losses to 
improve the efficiency of transformer. These 
losses can be reduced by adding good core 
material and avoid overloading, result in higher 
efficiency. It is concluded that that the iron losses 
decreased at 0.11 watt during supply voltage of 
150 volts and during short circuit test the losses 
were 50 watt.

Acknowledgement 
The authors would like to thank “The 

University of Larkano” Pakistan for support 

Funding
This research received no external funding

Competing Interests
The authors did not declare any competing 

interest.

References
M. S. Ali, A. Omar, A. S. A. Jaafar, and S. H. 

Mohamed, “Conventional methods of 
dissolved gas analysis using oil-immersed 
power transformer for fault diagnosis: A 
review,” Electric Power Systems Research, vol. 
216, p. 109064, 2023.

X. Miao, P. Jiang, F. Pang, Y. Tang, H. Li, G. Qu, et 
al., “Numerical analysis and experimental 



17 SOOMRO, NAREJO, SOHOO & BHAYO

research of vibration and noise characteristics 
of oil-immersed power transformers,” Applied 
Acoustics, vol. 203, p. 109189, 2023.

E. Baker, S. V. Nese, and E. Dursun, “Hybrid 
Condition Monitoring System for Power 
Transformer Fault Diagnosis,” Energies, vol. 
16, p. 1151, 2023.

V. A. Thiviyanathan, P. J. Ker, Y. S. Leong, F. 
Abdullah, A. Ismail, and M. Z. Jamaludin, 
“Power transformer insulation system: A 
review on the reactions, fault detection, 
challenges and future prospects,” Alexandria 
Engineering Journal, 2022.

A. R. Abbasi, “Fault detection and diagnosis 
in power transformers: A comprehensive 
review and classification of publications and 
methods,” Electric Power Systems Research, 
vol. 209, p. 107990, 2022.

J. H. Harlow, Electric power transformer 
engineering: CRC press, 2003.

J. C. Olivares-Galván, P. S. Georgilakis, and R. 
Ocon-Valdez, “A review of transformer losses,” 
Electric Power Components and Systems, vol. 
37, pp. 1046-1062, 2009.

V. I. Biryulin, A. N. Gorlov, O. M. Larin, and D. 
V. Kudelina, “Calculation of power losses in 
the transformer substation,” in 2016 13th 
International Scientific-Technical Conference 
on Actual Problems of Electronics Instrument 
Engineering (APEIE), 2016, pp. 210-212.

S. Sadati, A. Tahani, B. Darvishi, and M. Dargahi, 
“Comparison of distribution transformer 
losses and capacity under linear and harmonic 
loads,” in 2008 IEEE 2nd International Power 
and Energy Conference, 2008, pp. 1265-1269.

M. Sippola and R. E. Sepponen, “Accurate 
prediction of high-frequency power-
transformer losses and temperature rise,” 
IEEE Transactions on Power Electronics, vol. 17, 
pp. 835-847, 2002.

D. Yildirim and E. F. Fuchs, “Measured transformer 
derating and comparison with harmonic loss 
factor (F/sub HL/) approach,” IEEE Transactions 
on Power Delivery, vol. 15, pp. 186-191, 2000.

R. Salustiano, E. Neto, and M. Martinez, “The 
unbalanced load cost on transformer losses at 
a distribution system,” in 22nd International 
Conference and Exhibition on Electricity 
Distribution (CIRED 2013), 2013, pp. 1-3.

A. Gupta and R. Singh, “Computation of 
transformer losses under the effects of 

nonsinusoidal currents,” Advanced Computing, 
vol. 2, p. 91, 2011.

A. H. Soomro, S. A. A. Shah, A. Khauhwar, S. Talani, 
A. A. Solangi, T. Soomro, et al., “Simulation 
based Analysis of Single Unit and Parallel 
Connected Three Phase AC Generator in 
QUEST Campus Larkana,” Sukkur IBA Journal of 
Emerging Technologies, vol. 5, pp. 33-41, 2022.

L. A. Hendricks, J. Mellor, R. Schneider, J.-B. 
Alayrac, and A. Nematzadeh, “Decoupling 
the role of data, attention, and losses in 
multimodal transformers,” Transactions of the 
Association for Computational Linguistics, vol. 
9, pp. 570-585, 2021.

M. Dalila, M. Khalid, and M. M. Shah, “Distribution 
transformer losses evaluation under non-
linear load,” in 2009 Australasian Universities 
Power Engineering Conference, 2009, pp. 1-6.

Q. Yue, C. Li, Y. Cao, Y. He, B. Cai, Q. Wu, et al., 
“Comprehensive power losses model for 
electronic power transformer,” Ieee Access, 
vol. 6, pp. 14926-14934, 2018.

!!! INVALID CITATION !!!

A. C. Franklin and D. P. Franklin, The J & P 
transformer book: a practical technology of the 
power transformer: Elsevier, 2016.

D. Wang, C. Mao, J. Lu, S. Fan, and F. Peng, “Theory 
and application of distribution electronic 
power transformer,” Electric power systems 
research, vol. 77, pp. 219-226, 2007.

J. Winders, Power transformers: principles and 
applications: CrC Press, 2002.

H. Wrede, V. Staudt, and A. Steimel, “Design of 
an electronic power transformer,” in IEEE 
2002 28th Annual Conference of the Industrial 
Electronics Society. IECON 02, 2002, pp. 1380-
1385.

A. H. Soomro, A. S. Larik, M. A. Mahar, and A. 
A. Sahito, “Simulation-Based Comparison of 
PID with Sliding Mode Controller for Matrix-
Converter-Based Dynamic Voltage Restorer 
under Variation of System Parameters to 
Alleviate the Voltage Sag in Distribution 
System,” Sustainability, vol. 14, p. 14661, 2022.

H. Yiyan and W. Maosong, “The transformer 
short-circuit test and the high power 
laboratory in China the past, present, and 
future,” IEEE electrical insulation magazine, vol. 
20, pp. 14-19, 2004.


