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ANALYSIS OF OPTIMUM OPERATING MODES OF POWER TRANSFORMERS 
UNDER OPERATING CONDITIONS 
 
Purpose. The study of parallel operation optimal modes of transformer equipment for a variety of operating conditions: same or 
different types of transformers, with or without reactive power flows. Methodology. Losses of energy in transformers make 30 % 
of all losses. Therefore the choice of the economically justified parallel operation of transformers is effective action to reduce 
losses. Typically, in the calculations of reactive power flows in the transformers are not taken into account. It is interesting to 
analyze the optimal operating conditions of transformers with and without reactive power flows. Results. Calculations for trans-
formers in distribution networks showed that the inclusion of reactive power flows in transformers significant impact on the 
calculated optimum regimes of transformers. References 9, tables 1, figures 2. 
Key words: transformer equipment, parallel operation, optimal mode, reactive power, economically reasonable mode. 

 
Приведены теоретические и практические положения оптимальности режимов работы трансформаторного обору-
дования на подстанции при их параллельной работе. Расчеты адаптированы для реальных условий эксплуатации для 
энергетики Украины. Библ. 9, табл. 1, рис. 2. 
Ключевые слова: трансформаторное оборудование, параллельная работа, оптимальный режим, реактивная 
мощность, экономически целесообразный режим. 

 
Introduction. In the power system of Ukraine in 

operation there are more than 100 high-voltage substa-
tions. At the same time in parallel operation can be up to 
four transformers at a substation. At the same time a sub-
stantial part of all electricity losses account for losses in 
transformers. Therefore, any cost-effective modes of 
transformers in substations are effective measures to re-
duce energy losses. 

Theoretical studies provide enough valid recom-
mendations for optimizing the operation of the trans-
former equipment based on catalog data. However, in 
actual use due to the aging of the individual elements of 
the transformer has to operate passport or experimental 
values. Experiments show that the values of no-load 
losses are most affected. When operating of transformer 
over 20 years loss value can be increased by 1.75 % per 
year [1]. 

Analysis of recent investigations and publica-
tions. The problem of reducing losses in power trans-
formers are engaged many scientists both domestic and 
foreign. In the end, it all comes down to the controversial 
problem of determining the optimal test operation of 
transformers in substations. The most widely used graph-
analytic methods. 

The optimization criterion of minimum active power 
losses presented in [2]. This approach is simple, gives 
good qualitative results in terms of operation but requires 
significant additions. 

In [3] the criterion discussed above is designed to 
meet the reactive power flows. The proposed method 
improves the accuracy of calculations, bringing the theo-
retical calculations to real practical results in the field. 

The optimization criterion of minimum energy loss 
is represented in [4]. This approach is different interpreta-
tions are today widely used in a variety of regulatory, 
scientific and practical materials. These criteria are effec-
tive, but require a sufficiently accurate and reliable de-

termination of the time of inclusion in the work of power 
transformers. 

Optimization criteria given transformer efficiency 
values presented in [5]. This complex combination of 
important characteristics of the transformer equipment 
requires precise calculations and studies [6], but clearly is 
of great scientific and practical interest. 

Connection of optimization criteria and the period of 
service of power transformers are presented in [7]. 

Based on the literature and the wide statistical mate-
rial can draw the following conclusion: any optimization 
criteria reflect the various aspects of efficient operation of 
power transformers. Addressing practical value criteria 
optimal performance of parallel-connected transformers is 
impossible without taking into account the reliability of 
power supply circuits, load profiles, on-time, the technical 
condition of the main power equipment (transformers, 
switches). 

The goal of investigations is a comparative analysis 
of the optimal mode of parallel operation of transformer 
equipment for a variety of operating conditions and the 
same type for different types of transformers, with and 
without reactive power flows. As an optimization crite-
rion used for at least the total active power losses. In view 
of the above, this problem is an actual scientific and prac-
tical problem [6, 8]. 

Theoretical principles. Most economic mode corre-
sponds to a load of transformers, proportional to their 
nominal power [9]. 

Economic load distribution between parallel operat-
ing transformers occurs in the case of identical parame-
ters. Unfortunately, in practice it is not always possible to 
achieve such a position that would have on each substa-
tion transformers are of the same type. This transformer 
load will be slightly different from the economic due to 
the occurrence of circulating currents. 
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To determine the most economical mode of trans-
formers built according to the loss of its power load of 
transformers ∆Pt = f(S).  

Consider the substation with n-parallel operating 
transformers of the same type. Power loss in the trans-
formers of the same type, excluding the reactive power 
flows are according to the formula: 
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where n is the number of parallel operating transformers; 
∆P0 is the no-load losses of the transformer; ∆Pk is the 
losses of short-circuit of the transformer; S is the load 
power; Srat is the nominal power of the transformer.  

Power losses in the transformers of the same type 
based on the reactive power flows are according to the 
formula: 
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where K is the coefficient equal 0.08; 
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is the reactive power losses in the steel, I0 is the trans-
former no-load current; 
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is the reactive power losses in the copper, Uk is the trans-
former no-load voltage. 

If installed at the substation transformers of different 
type or different power, they will have different losses Р0 
and Рk. Use under these conditions of inequality can not 
be listed above. Then to select the number of parallel-
connected transformers are the curves shown losses. They 
build on the coordinate plane for each transformer for 
several simultaneously [3]. 

The power loss for different types of transformers 
without taking into account the reactive power flows: 
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The power loss for different types of transformers, taking 
into account the reactive power flows: 
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If the substation is installed n three-winding trans-
formers with capacities of all three windings, equal to the 
nominal capacity of the transformer SТ, it is necessary to 
postpone the loading SSUB substation on the x-axis: 

   2/SSSS 222
HVMVLVsub  .         (7) 

Indeed, in this case, the expression takes the form: 
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where R100 is the rated the active resistance of the coil, 
which is equal to the power 100 % of SТ: 
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Substituting this relation in (8), together with (7) we 
obtain 
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In those cases where a low voltage output winding 
(LV) of the transformer is 50, 40, or 25 % of nominal, 
R100 resistance must be correspondingly increased in 2, 
2.5 or 4 times, after which it will be equal to the resis-
tance given winding LV. If by «a» denote the coefficient 
of resistance reduction, in general terms the value of the 
dummy load of three-winding transformers can be repre-
sented as follows: 
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Calculations. As initial data for calculation exam-
ples we use the passport data of transformers ТРДН-
80000/110 and ТРДН-63000/110 of life of 32 and 37 
years, respectively (Table 1). The calculations were per-
formed in the environment MathCad. 

 

Table 1 

Passport data of transformers 

 ТРДН 80000/110 ТРДН-63000/110
Rated power Srat, MVA 80 63 
Short-circuit  
losses ΔPk, MW 

0.310 0.245 

No-load 
losses ΔP0, MW 

0.0696 0.06 

No-load current I0, % 0.5 0.5 
Short-circuit 
voltage UК, % 

10.5 10.5 

K 0.08 0.08 
 
Example 1. 
We optimize the work of similar ТРДН-80000/110 

n = 3, without taking into account the reactive power 
flows. 

Total losses, depending on the number of parallel 
operating transformers (n) and the load (S) are defined by 
the expression (1). 

Load range S = 0...110. Optimization zones are 
shown in Fig. 1,a. 

Example 2. 
We optimize the work of similar ТРДН-80000/110 

n = 3, taking into account the reactive power flows. 
Reactive power losses in the steel are determined by 

the expression (3) QFe = 0.4 MVAr, and in copper - by the 
expression (4) QCu = 8.4 MVAr. 

Total losses, taking into account the reactive power 
losses are determined by the expression (2). 

Load range S = 0...100. Optimization zones are 
shown in Fig. 1,b. 
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a 
 

 
b 

Fig. 1. Dependence of power losses on the load and the number 
of similar transformers ТРДН-80000/110 

(1 - one transformer operates, 2 - two 
transformer operate; 3 - three transformers operate): 

a - excluding the flow of reactive power; 
b – taking into account the flow of reactive power 

 
Example 3. 
We optimize the diverse ТРДН-80000/110 and 

ТРДН-63000/110 transformers operation excluding reac-
tive power flows. 
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– losses in ТРДН-

63000/110, 
Total losses are determined by (5). 
Load range S = 0...60 МVA. Optimization zones are 

shown in Fig. 2,a. 
Example 4. 
We optimize the diverse transformers ТРДН-

80000/110 and ТРДН-63000/110 taking into account the 
reactive power flows. 

Reactive power losses in the steel and copper of the 
indicated transformers are determined by (3) – (4): 
QFe1 = 0.4 MVAr, QCu1 = 8.4 MVAr, QFe2 = 0.315 MVAr, 
QCu2 = 6.615 MVA. 
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losses in ТРДН-63000/110, 
Total losses are determined by (6). 
Load range S = 0...40 MVA. Optimization zones are 

shown in Fig. 2,b. 
 

 
a 
 

 
b 

Fig. 2. Dependence of power losses in transformers of different 
types of loads (1 - transformer ТРДН-80000/110 operates, 2 – 

transformer ТРДН-63000/110 operates; 
3 - both transformers operate): 

a - excluding the flow of reactive power; 
b – taking into account the flow of reactive power 

 
Conclusions. 
As a result of the calculations optimization zones of 

transformer equipment of the substation at their parallel 
operation are determined. The calculations were per-
formed for the actual operating conditions: for the same 
type and different types of transformers, with and without 
reactive power flows. 

Comparative analysis shows errors due to the use of 
certain optimization techniques that ultimately determine 
the admissibility of their use. Maximum error due to the 
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difference of catalog and passport data for the cases ex-
amined, does not exceed 20 %. 
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