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Abstract 

This article provides information on the analysis and reduction methods of 

losses in transformers. The losses in electrical machines are calculated based on 

power losses, the thermal effect of currents, and the change in magnetic flux. In 

transformers, however, losses depend on the design of the magnetic core and its 

materials. Anisotropic electrical steel laminations allow reducing energy losses in 

magnetic cores. The article presents detailed information about the magnetic core 

part of the transformer and its design. 

В этой статье предоставлена информация о методах анализа и снижения 

потерь в трансформаторах. Потери в электрических машинах рассчитываются 

на основе потерь мощности, теплового воздействия токов и изменения 

магнитного потока. В трансформаторах потери зависят от конструкции 

магнитного сердечника и его материалов. Анизотропные ламинированные 

стали для электротехнических целей позволяют снизить энергетические 

потери в магнитных сердечниках. В статье представлена подробная 

информация о части магнитного сердечника трансформатора и его 

конструкции. 

Bu maqolada transformatorlardagi isrofning tahlili va kamaytirish usullari 

to’g’risida ma'lumot berilgan. Elektr mashinalardagi quvvat isroflari, tokning issiqlik 

ta'siri va magnit oqimining o'zgarishiga bog'liq hisoblanadi. Transformatorlarda esa, 

isrof magnit o'tkazgichning qurilishi va uning materiallari bilan bog'liqdir. 

Anizotropli elektrotexnik po'lat plastinalari bilan qoplangan magnit o'tkazgichlar 

http://web-journal.ru/


 

  

http://web-journal.ru/                                                                           Часть-21_ Том-2_ Май -2024 

 

ЛУЧШИЕ ИНТЕЛЛЕКТУАЛЬНЫЕ  ИССЛЕДОВАНИЯ 

103 

ISSN: 

3030-3680 

energiya isroflarini kamaytirishga imkon beradi. Maqolada transformatorning 

magnit o'tkazgich qismi va uning qurilishi tafsilotli ko'rsatilgan.  

 

Main Part 

Like in any electrical machines, transformers also have a portion of energy loss 

inherent within them. These power losses consist of the following: 

 

1. Power loss due to the thermal effect of currents in the winding resistances: 

𝑃𝑚 = 𝐼2𝑅1 + 𝐼2𝑅2 

 

2. Power loss consumed by hysteresis and eddy currents in the iron core due to 

the variability of magnetic flux: 

𝑃𝑛 = 𝑃𝑟 + 𝑃𝑣 

 

This power loss depends on the material of the iron core, magnetic induction, 

and the frequency of variable currents. 

 

3. Power loss related to the construction of the transformer (Pk). 

 

Among these, (P_m) and (Pn) are the main losses. Power losses in the windings 

(P_m) are variable and depend on the load, while losses in the iron core (P_n) are 

constant during the transformer's operation (within the rated load limit). 

The magnetic core of the transformer is a crucial component, responsible not 

only for enhancing magnetic coupling between windings but also for supporting and 

anchoring them for structural integrity and stabilization. In order to reduce energy 

losses generated due to eddy currents (at a frequency of (f = 50) Hz) in variable flux, 

the magnetic cores of transformers are assembled with cold-rolled anisotropic 

electrical steel laminations, typically with a thickness of 0.35 mm to 0.30 mm, coated 

with special lacquer and oxide layers for insulation. This laminating process enables 

increasing the induction in the magnetic core up to 1.6 to 1.65 T (which would not 

be feasible in hot-rolled steel, where the induction could not exceed 1.4 to 1.45 T), 

thereby reducing the mass of the transformer's active (magnetic and electric 

conducting) materials and sharply decreasing energy losses. 

 

The part of the magnetic system where laminations are assembled is called 

"stator," while the part forming a closed magnetic circuit, thereby enhancing 
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magnetic flux, is called "rotor." These are the magnetic cores of three-phase 

transformers. In a three-phase system, the magnetic core of the transformer is 

modified to accommodate the three-phase flux and loadings. If it is possible to 

modify the laminations of a single-phase transformer structurally to form a single 

common core, then it's possible for a three-phase system as well. Since the sum of 

sinusoidal magnetic flux densities over one cycle is not zero in the general core, it's 

unnecessary to provide a gap in this core. To simplify this construction, three stators 

can be placed together and connected with upper and lower rotors, forming a flat-

shaped three-phase magnetic core. If all laminations and rotors are aligned in one 

plane, the magnetic core of the transformer is flat-shaped; if they are arranged in 

different planes, it's called a stepped core. Depending on the combination of 

laminations and rotors, magnetic systems are divided into stator-rotor, core-stator-

rotor, and armored types. 

 

 

 

 

 

 

Transformer (TM— 250/6) phase-

shaped magnetic core components: 1- stator, 

2 and 6 - insulating spacers; 3- Three-phase 

plate, 4- rotor; 5- coil; 7- pin; 8- insulating 

signaling tube; 9- clamping clamp; 10- base 

plate. 

 

 

 

 

 

Wastes in the steady-state mode of operation: 

 

Even if the sinusoidal voltage [u1=U(1)max.sinwt] is applied to the ferromagnetic 

core of the transformer and causes the magnetic flux [Ф1=Ф(1)max.sinwt] to vary 

sinusoidally, the magnetization characteristic of the ferromagnetic core becomes 
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nonlinear due to saturation of the magnetic core. As a result, the variation of the 

magnetizing current I0.r over time I0.r*f (wt) is not sinusoidal. 

The steady-state experiment is conducted  with no load applied to the secondary 

winding (l1= 0). A sinusoidal voltage U1 is applied to one winding, varying from 0 

to 1.2 times U1.N. The voltage U1, current I0, and steady-state power P0 are measured 

during the steady-state operation, from which the power factor cosф0 is primarily 

calculated. 

Based on the data obtained and calculated from the experiment, the 

relationships I0 - f(U1), P0 = f(U1), and cosф0 = f(U1) are referred to as the steady-state 

characteristics of the operation. 

 

 

 

 

Power rating: SN = 100 kV*A; 

Ratio of primary to secondary 

voltage: U1N/U2N = 6.3/0.22 kV; Y/Y-

connected windings, three-phase 

transformer, conduct the no-load test; 

Circuit diagram of the no-load test (a) 

and no-load characteristics (b); KR - 

power factor at rated load.  

 

 

 

In a three-phase transformer, the values of U1 and I0 are measured separately 

for each phase, and their characteristics are established based on their average values. 

The mutual agreement between the phases in the transformer where they are located 

in separate cores is not uniform because the magnetic flux density in the middle phase 

is intermediate, compared to the flux densities in the outer phases. Consequently, the 

MYK and the current Io.v in the middle phase are lower compared to those in the 

outer phases (I0.B < I0.A = I0.C). 

I0 = f(U1). The increase in the applied voltage U1 leads to an increase in its 

magnetic flux Φ because 𝑈1 = 𝐸1 = 4.44𝑓𝑤1Ф𝑚𝑎𝑥. At low values of excitation, the 

magnetic circuit remains unexcited, and the Io current changes linearly. Starting from 

the values 𝑈1 = (0,5 + 0,6)𝑈1𝑁, the excitation starts to saturate, reducing the 
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reactance Z0, the leakage reactance x0, and the resistance r0 = rm correspondingly. As 

a result, the reactive component I0r of the excitation current increases rapidly 

concerning the applied voltage U1. 

The excitation current I0 consists of reactive (I0.r) and active (I0.a) 

components: 𝐼0..𝑟 = 𝐼0.𝑎 + 𝐼0.𝑥. Typically, for power transformers, I0 < 0.08 I1N, 

with its active component I0.l constituting approximately 10% to 0.5% of I0. As the 

nominal power of power transformers increases, the percentage of I0 relative to the 

nominal current tends to decrease. 

𝑃0 = 𝑓(𝑈1). In transformers operating under no-load conditions, the power 

losses in the core due to hysteresis and eddy currents, neglecting the losses due to 

the primary winding resistance, are considered. These losses in the core depend on 

B² and approximately on the square of the frequency. When U1 = const and f = const, 

the dependency of the core losses on the applied voltage and frequency can be 

approximately expressed as Pm = P0 = const. 

In modern power transformers with a power of 10+1000000 kV.A, even if the 

no-load losses are about 1.5% to 0.05% of the rated load losses, they significantly 

affect the useful work coefficient due to seasonal loading, as the no-load 

characteristics depend not on the load value but on the transformer's connection to 

the network through U21. 

In the no-load test, important parameters such as the no-load current (I0.N) and 

losses (P0.N) are standardized with respect to the rated voltage U1N. 

 

cosφ0 = f(U1). The power factor cosφ0 for a three-phase transformer is 

determined by the following formula: 

 𝑐𝑜𝑠ф0 =
𝑃0

√3𝑈1𝐼0

 

where P0 is the active power of the three phases in watts. 

 

During no-load operation, as the excitation increases, the reactive component 

I0.r of the excitation current increases faster relative to the applied voltage, while the 

active component I0.a decreases. Consequently, due to the increase in the angle φ0 

between the U1 and Io vectors, cosφ0 decreases. 

Important parameters for the transformer are determined based on the values at 

U1N obtained from no-load experiments: 
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1) Transformation coefficient 𝑘 = 𝑈1𝑁/𝑈2𝑂, where U1N is the nominal voltage 

of the YK winding; U20 is the no-load voltage corresponding to the PK winding 

voltage at U1N; 

2) No-load losses R'0; 

3) The value of the no-load current 𝑖0%
𝐼0

𝐼1𝑁
∗ 100; 

4) The reactive resistance of the magnetizing circuit r0. When the primary 

circuit's reactive resistance r2 is several hundred times smaller than the calculated 

reactive resistance rm of the magnetizing circuit (rm > r1), r1 is assumed to be 

negligible (r1 = 0), and thus r0 = rm. 

 

 

Connection diagram for transformer 

no-load operation mode.  
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