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Abstract: Power transformers are one of the main components of power supply systems needed to 

reliably supply electricity to consumers. As we know, the value of the allowable load of 

transformers is determined by the value of the allowable heating of structural elements, on which 

the service life of transformer period depends. Reliable data on the technical condition of the 

structural elements of transformers is the decisive information for making decisions on the 

replacement and maintenance of transformers. METHODS. To assess the service life of 

transformers, methods were used to evaluate the statistical parameters of consumer load graphs, 

load factors and the heating temperature of the windings of transformers with a capacity of Sn.T = 

20 MVA, a voltage of 33/11 kV at substation Kabun-1. THE AIM. The aim of the work is to 

evaluate the service life of the transformers at substation Kabun-1 (Syrian Arab Republic) with 

various options for the type of load power consumption graph (first; second; third). THE 

RESULTS. The main statistical parameters of the characteristics of the original and proposed 

options of load power graphs (active, reactive and apparent) per day of transformers, the main 

electrical consumer of which is the spinning and weaving factory, are determined. Approximating 

functions of daily graphs of power loads of transformers, from which the spinning and weaving 

factory receives power (first and second approximations), have been developed. It is proved that 

with the considered options for shifting the time of the start of work of electrical consumers - with 

the third option -the maximum load power is reduced by 12.8%, load variation is reduced from 

0.33 to 0.17 in relation to the second option for the subdivisions of the spinning and weaving 

factory. It has been established that for all the considered options, the average value of the load 

power of the transformers at substation Kabun-1 is constant. The laws of change in the relative 

value of the service life of transformers during the implementation of various technical measures 

are determined. 

 

Key words: power consumer, power transformer, load graph, transformer load factor, winding 

heating, service life. 
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Резюме: Силовые трансформаторы являются одними из основных элементов   систем 

электроснабжения, необходимых для надёжного обеспечения потребителей 

электроэнергией. Как известно, величина допустимой нагрузки трансформаторов 

определяется значением допустимого нагрева элементов конструкции, от которого 

зависит период срока службы. Достоверные данные о техническом состоянии элементов 

конструкции трансформаторов являются определяющей информацией для принятия 

решений по замене и обслуживанию трансформаторов. ЦЕЛЬ. Целью работы является 

оценка срока службы трансформаторов подстанции «Кабун-1» (Сирийская Арабская 

Республика) при различных вариантах вида графика потребляемой мощности    нагрузки 

(исходный; первой; второй; третий). МЕТОДЫ. Для оценки срока службы 

трансформаторов использованы методы оценки статистических параметров графиков 

нагрузок потребителей, коэффициентов загрузки и температуры нагрева обмоток 

трансформаторов мощностью Sном.тр= 20 мВА, напряжением 33/11 кВ подстанции 

«Кабун-1». РЕЗУЛЬТАТЫ. Определены основные статистические параметры 

характеристик исходных и предлагаемых вариантов графиков мощности нагрузки 

(активной, реактивной и полной) за сутки трансформаторов, основным 

электропотребителем которых является Прядильно-ткацкая фабрика. Разработаны 

аппроксимирующие функции суточных графиков мощностей нагрузок трансформаторов, 

от которых получает питание Прядильно- ткацкая фабрика (первое и второе 

приближение). Доказано, что при рассматриваемых вариантах сдвига времени начала 

работы электропотребителей -при третьем- наибольшая мощность нагрузки снижается 

на 12,8%, вариация нагрузок снижается с 0,33 до 0,17 по отношению ко второму варианту 

для подразделений Прядильно-ткацкой фабрики. Установлено, что для всех 

рассматриваемых вариантов среднее значение мощности нагрузок трансформаторов 

подстанции «Кабун-1» постоянно. Определены законы изменения относительного значения 

срока   службы трансформаторов при внедрении различных технических мероприятий. 

 

Ключевые слова: электропотребитель, силовой трансформатор, график нагрузки, 

коэффициент загрузки трансформатора, нагревание обмоток, срок службы.  
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Introduction (Введение) 

In the current conditions of development of the Syrian Arab Republic, special attention is 

paid to improving the quality of power supply to the industrial city Adra, which is one of the 

largest in the Republic. In 2022, new industrial enterprises were put into operation in the city 

Adra, where there are 31 enterprises, including food factory, engineering and chemical enterprises, 

whose products on the local market account for more than 60%. At present, considerable attention 

is paid to the regulation of electricity consumption modes due to the increase in the cost of 

electricity. Below is an analysis of some of the scientific works of scientists conducting research in 

this field. 

The authors E. Yu. Abdullazyanov, E. I. Gracheva, A. Alzakkar [1] presented a study that 

makes it possible to increase the reliability of predicting the magnitude of power consumption and 

power losses at industrial enterprises. At the same time, it is proposed to use the dynamics of 

changes in the value of the equivalent resistance of intra-factory power supply networks, which 

will make it possible to control the modes of electricity consumption and make adjustments to the 

forecasting processes. 

A. Naderian, P. Pattabi, L. Lamarre [2] presented an updated estimate of the residual life of 

transformers based on the results of an improved dynamic model. 

K. Chitnavis, N. R. Bhasme [3] developed a power transformer life evaluation method, i.e. 

a method for calculating the actual serviceability index, including additional factors such as 

preload, bushing condition, aging, physical measurements of DGA, oil quality, power factor. 
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K.T. Muthanna, A. Sarkar; K. Das, K. Waldner [4] presented new methods for assessing 

the life of the insulation of high-power generator units in power plants. This paper shows modeling 

methods for estimating load factors and ambient temperature, taking into account preliminary 

operating conditions. 

A. Alzakkar, E. Gracheva, Y. Samofalov [5, 6] conducted a study of the calculated power 

loads of communal electrical consumers and compared with the experimental power consumption 

in Adra city. Parameters and graphs of loads of electricity consumers at the facilities of the city of 

Adra were determined by methods of statistical data processing. 

D.K. Yakubova [7] considers the effect of load modes on the wear of the insulation of 

power transformers using the example TNTS-000/220 1000-UHL. 

V. A. Anishchenko, V. V. Ivanov [8] developed a method for determining the permissible 

duration of a systematic non-emergency overload of a distribution oil transformer, taking into 

account changes in the overload coefficient over the time interval of its operation and, accordingly, 

changes in the thermal state of the transformer structural elements. 

A. Chatterjee, N. K. Roy [9] presented an analysis and simulation of the characteristics of 

dissolved gases in transformer oil in order to develop an oil change and filtration graph, which in 

turn regulates the quality of the oil when a failure occurs. 

E.I. Gracheva, O.V. Naumov, E.A. Fedotov [10] calculated the operating mode of power 

transformers to determine the optimal load at which the efficiency of the transformer reaches its 

maximum value, and also proposed options for increasing the efficiency of power transformers of 

industrial enterprises. 

D. S. Serebrennikov, V. G. Goldshtein [11] explore topical issues of assessing the actual 

state of power transformers with a significant service life using thermal imaging diagnostics. 

The scientific and practical significance of the proposed article is the results of the studies 

that show that in conditions of high temperatures in the summer in Syria, which can reach 48 ° C, 

it is necessary to control the change in the load factors of transformers and the heating temperature 

of the windings, which are the determining factors in changing the relative service life of power 

transformers. This is especially important at the present time in connection with the imposition of 

economic sanctions by unfriendly states against the Syrian Arab Republic. 

The difference between the presented work and the results of other studies is that for the 

first time the operating conditions of transformers with a voltage 33/11 kV (substation "Kabun-1", 

Syria) were studied on the basis of statistical data on power consumption by industrial and non-

industrial facilities. The dependences of the change in load factors and the heating temperature of 

the windings are determined, and recommendations are made for technical solutions aimed at 

increasing the relative service life of transformers. 

 

Materials and methods (Материалы и методы).  

To select the type of approximating function for daily graphs of active power loads of 

transformers of a spinning and weaving factory we perform a two-stage approximation  
A - First approximation. 

To study the characteristics of the load graphs under consideration and the choice of 

approximating functions, we use the results of estimating the parameters of electrical consumers of 

the spinning and weaving factory, which is powered by substation Kabun-1, given in [5, 6]. The 

average value of the approximating function must be equal to the average value of the original 

graph. The maximum value of the approximating function should approach the maximum value of 

the original graph and approximately coincide in time. Therefore, the form of the function 

approximating the graph of the active load in the first approximation can be represented as [12, 

13]: 

           
 

         

 
   

1 1 1 1 1 1

Ρ Ρ Ρ Ρ 1

1 1 1

Ρ Ρ Ρ

1

1

2πt
(t)=B -A cos(ω t)=B -A cos

Τ

B Μ + Μ -

2π 6
ω = = 0,25 1/ h

24Τ

 
  

 


  




 (1) 

МP=Рav — is the average value per day of the original active load graph, obtained from 

statistical data; 

МP
[1] 

— is the daily average value of the active load approximation graph in the first 

approximation; 

АP
[1]

 — is the amplitude of the cosine can be approximately determined by the expression: 
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 

 

1

Ρ Ρ

Ρ макс мин

Α Α

Α =0,5 Ρ -Ρ

 

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 (2) 

Рmax и Рmin — respectively, are the maximum and minimum value of the daily graph of the 

active load; 

Table 1 shows the total and average values of the original daily graphs of active power 

loads for 36 transformers of the spinning and weaving factory. 

Table 1 

Statistical values of the original daily graphs of active power loads of transformers  

 МР, kW Рmax, kW Рmin, kW 0,5(Рmax - Рmin); kW , kW  Kmax 

Sum 14517 26730 4634 11048 7279 18,17 66.45 

Average 403 743 129 307 202 0.51 1.85 

*Источник: составлено автором. Source compiled by the author 

 

Table 2 shows: 

1. Arguments of approximating functions of daily active loads of transformers in the first 

approximation with a period T
[1]

 = 24 h and frequency ≃0.25 1/h. 
       1 1 1

Ρ ΡΦ (t)=B -A cos 0.25 t   (3) 

2. Mean values of differences:  

   

 
 

 

1 1

R orig

1
1 R
R 1

Ρ

Μ f (t)- (t)

Μ
Μ %=

Μ

 
 





 (4) 

3. The value of the standard deviation of the differences: 

      
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 

24 2
1 1
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Μ


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



  (5) 

Table 2 

Arguments and estimation of the error of the approximation function (first approximation) ВР
[1] - АР

[1] 

cos(0.25t) of daily graphs of active power of loads of 36 transformers  

 

Arguments function [1](t) approximations in the first 

approximation МR
[1]  R

[1]  

ВР
[1] АР

[1] 

Sum (kW) 14090 10480 62 4362 

*Источник: составлено автором. Source compiled by the author 

 

The data in table 2 show that the average values of the differences between the original 

graph and the approximating function are fractions of a percent of the average value of the active 

load per day for all transformers. Fig.1 shows the original graph of the active load of the 

transformer 25 (with the highest value of the load factor KL = 0.98) and their function 

approximation. 

 

 
Fig.1. The original graph of the active load T-25 and its function approximation 

460-440cos(0.25t) 

*Источник: составлено автором. Source compiled by the author 
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Fig.1 shows that the maximum time of the original graph is 11:30 am and the maximum 

time of the function approximation is 12:30 pm. Values of root mean square error for loads (28) of 

transformers exceed 20%, which indicates the need for a more accurate approximation. Table 3 

shows the statistical characteristics of the approximated graphs of the active load of 36 

transformers. 

 

Table 3 

The values of the statistical data of the daily graphs and approximation functions of the active power 

of the loads of transformers with a voltage of 11/0.4 kV of the spinning and weaving factory (first 

approximation) 

 МР 
[1], kW Рmax, kW Рmin, kW , kW  Kmax 

Sum 14579 24310 4126 7232 17,85 59,98 

Average 405 675 115 201 0,49 1,67 

*Источник: составлено автором. Source compiled by the author 

 

Table 4 presents the characteristics of the original total graphs of the active load of the 

spinning and weaving factory and the sum of the approximating functions of the transformers. 

 

Table 4 

Statistical parameters of the original graphs and approximated (first approximation 14090-

10480cos(0.25t) total daily graphs of the active power of the loads of the spinning and weaving factory. 

Graph ΣМР, kW ΣРmax, kW ΣРmin, kW Σ, 

kW 

 av (Кmax)av 

Original 14517 26730 4634 7279 0,51 1,85 

Approximate 14579 24310 4126 7232 0,49 1,67 

*Источник: составлено автором. Source compiled by the author 

 

Expression (2) determines the function of approximation of the total load graph of the 

factory. 
     1 1

Ρ ΡB -A cos 0,25 t =14090-10480cos(0,25 t)
 

 (6) 

Fig.2 shows the total graphs of the active power of the loads of the spinning and weaving 

factory of the original and approximated ones. 

 

 
Fig.2. The total active power graphs of the loads of the spinning and weaving factory of the original and 

approximated Ф[1](t) =14090-10480cos(0.25t). 

*Источник: составлено автором. Source compiled by the author 

 

The data in table 4 and Fig. 2 show that with the practical coincidence of the average values 

of the load power graphs, there is a significant difference in the minimum and maximum values. 

The maximum load of the original graph is observed at 14:30, and the approximated one - at 

12:30, so the approximation needs to be refined. 

 

B- Second approximation. 

To approximate the daily graphs of the active load of transformers in the second 

approximation, the sum of harmonic functions was used: 

1. The first one with the period T1
[2]

=20 ч или 24 ч (1
[2]=

0.25 и 0.33); 

2. The second one with the period T2
[2]

≈6ч (2
[2]

=1). 
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For a more accurate approximation of the maximum load time in the original graph to the 

time of the maximum of the approximation function, various initial phases were selected.
   2 2

0 0j =2π.t ω  (5) 

Therefore, the form of the function approximating the graph of the active load in the second 

approximation. 

                 

     
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   
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2 2 2 2 2 2 2 2
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2 2 2 2 2 2

Ρ1 Ρ1 01 Ρ2 022 2

1 2

(t)=B -A cos ω t+j ±A cos ω t+j

2πt 2πt
(t)= B -A cos +j ±A cos +j

Τ Τ

First Function Second Function



   
       

   



 (7) 

Let's find the approximation of the function in the second approximation for the 

transformer 25 using (8): 

1. First function
         2 2 2 2

1 1 1 01cosB A t j   : 

     

  
   2 2

2 2

1 .1
25 25
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1
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2 2

T T

T
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 
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


  



     


(8) 

2. Second function
       2 2 2

2 2 02cosA t j  : 

  
 

 
22

2 min
25 25

235
T T

A kW
 

    (9) 

3. The total approximation of the function in the second approximation for the transformer 

T-25: 

 

     

2

25

2

25

2 2
( ) 480 300cos 0 235cos 8

24 6

( ) 480 300cos 0.25 235cos 8

T

First Function Second Function

T

t t
t

t t t

 





                 



        

 (10) 

Fig.3 shows 4 graphs, first, second, total approximation of the function and the original for 

the transformerT-25: 

 
Fig.3. Graphs of the original and functions of the refined approximation of the active load T-25. 

*Источник: составлено автором. Source compiled by the author 

 

Fig.3 shows the agreement between the original and approximated graphs, especially 

during the maximum (11:30; 980 kW). 

Table 5 and 6 show the statistical indicators of the original graphs (average and total) of the 

active load and approximation functions in the second approximation. 

Table 5 

Statistical indicators of the original graphs of active load and approximation functions in the second 

approximation (part-1) 

 МP, kW Рmax, kW , kW 

Original Second 

approximation 

Original Second 

approximation 

Original Second 

approximation 

Average 403 403 743 743 202 201 

Sum 14517 14513 26730 26754 7279 7227 

*Источник: составлено автором. Source compiled by the author 
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Table 6 

Statistical indicators of the original active load graphs and approximation functions in the second 

approximation (part-2) 

 

Рmin, кВт  Kmax 

Original 
Second 

Approximation 
Original 

Second 

Approximation 
Original 

Second 

Approximation 

Average 128 61 0.51 0.51 1.84 1.86 

Sum 4634 2162 18.17 18.13 66.45 66.60 

*Источник: составлено автором. Source compiled by the author 

 

Let’s calculate the errors for the second approximation of the graphs of the active power of 

the loads of the spinning and weaving factory (for transformer 25): 

1. Approximation function. 
     2

( ) 480 300cos 0.25 235cos 8t t t      (11) 

2. Average values of differences (Fig. 3). 

   
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16
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24
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483
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 (12) 

3. The value of the standard deviation of the differences. 

 

 

2

2

65599
52.28

24

52.28
% 100 11%
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R

R






  



  


 (13) 

Table 7 presents comparisons of the error for the first and second approximation of the 

graphs of the active power of the loads of the spinning and weaving factory. 

Table 7 

Approximation error values (first and second approximation) on average for transformers of the 

spinning and weaving factory 

Graph type 
Average difference Average difference 

Root mean square 

error 

Root mean square 

error 

МR
[2]кВт МR

[1]кВт МR
[2]% МR

[1]% R
[2]кВт R

[1]кВт R
[2]% R

[1]% 

Average -0.13 2 -0.03 0.418 67.67 121 17.18 30 

*Источник: составлено автором. Source compiled by the author 

 

Table 8 presents a comparison of the values of the original and (first, second) 

approximation daily graphs of the active power of the loads of the spinning and weaving factory. 

 

Table 8  

Statistical parameters of the original graphs and approximation functions, the first approximation 

(14090-10480cos(0.25t)) and the second approximation of the daily graphs of the active power of the loads of 

the spinning and weaving factory 

Graph ΣМР, kW 
ΣРmin, 

kW 

Time 

maximum 

ΣРмmin, 

kW 

Σ, 

kW 
 av (Kmax)av 

Original  14517  26730 14:30  4634  7279  0.51  1.85 

Approximate (1)  14579  24310 12:30  4126  7232 0.49  1.67 

Approximate (2)  14513  26754 14:30  2712  7227 0.51  1.86 

*Источник: составлено автором. Source compiled by the author 

It is noted that for second approximation a fairly accurate degree of coincidence of the 

graphs is shown by the statistical data in tables 5 and 6; time error estimates and maximum values 

are shown in tables 7 and 8 (14h:30min; 26750 kW). 

The discussion and results (Обсуждение и результаты).  

The possible ways to align the load graphs [14, 15] of the spinning and weaving factory 

1. The shift in the start time of the weaving production from 5:30 to 12:30, the rest of the 

production works in the original modes (first option). 

2. The shift in the start time of the weaving production from 5:30 to 12:30 and the spinning 

production from 5:30 to 22:30, the rest of the consumers work in their original modes (second 

option). 

A. First and second options. 
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In tables 9, 10 and 11 show the calculations of the parameters of the approximate graphs of 

the total power of the loads for the original, first and second options. 

Table 9 

Approximate values of the total power of the loads of electrical consumers at substation Kabun-1, 

taking into account reactive power compensation at the spinning and weaving factory. 

 

Scom: 

15-

7cos(0.5t+5) 

Sweav:  

5.7-

3.5cos(0.25t) 

Sspin:  

6.6-

3.8cos(0.25t) 

Sother: 

2.1-

1.9cos(0.25t) 

Ssum.a

pp 

Ssum.Kabun-

1.orig.comp 

Sav, 

MVA 14.99 5.86 

6.77 

2.18 29.81 28.93 

Smax, 

MVA 22 9.19 

10.39 3.99 

42.69 42 

Kfill 0.68 0.64 0.65 0.55 0.70 0.69 

Seff, 

MVA 

22.36 8.96 
7.28 2.57 

30.88 30.46 

S, MVA 7.13 3.41 2.69 1.34 8.41 9.53 

S 0.48 0.58 0.40 0.61 0.28 0.33 

*Источник: составлено автором. Source compiled by the author 

Table 10 

Approximate values of the loads of electrical consumers at substation "Kabun-1" (Option 1), the start time of 

the weaving production is 12:30 

 

Scom: 

15-7cos(0.5t+5) 

Sweav:  

5.7-3.5cos(0.25t-8) 

Sspin:  

6.6-3.8cos(0.25t) 

Sother: 

2.1-1.9cos(0.25t) 
Ssum.app.opt.1 

Sav, MVA 14.99 5.65 6.77 2.18 29.6 

Smax, MVA 22 9.18 10.39 3.99 37.4 

Kfill 0.68 0.62 0.65 0.55 0.79 

Seff, MVA 22.36 6.19 7.28 2.57 30.29 

S, MVA 7.13 2.56 2.69 1.34 6.92 

S 0.48 0.46 0.40 0.61 0.23 

*Источник: составлено автором. Source compiled by the author 

Table 11 

Approximate values of loads of electrical consumers of substation "Kabun-1" (Option 2), start time of 

weaving production 12:30 and spinning production 22:30 

 

Scom: 

15-

7cos(0.5t+5) 

Sweav:  

5.7-3.5cos(0.25t-

8) 

Sspin:  

6.6-

3.8cos(0.25t+2) 

Sother: 

2.1-

1.9cos(0.25t) 

Ssum.app.opt.

2 

Sav, MVA 14.99 5.65 6.55 2.18 29.38 

Smax, 

MVA 
22 9.18 10.39 3.99 36.36 

Kfill 0.68 0.62 0.63 0.55 0.81 

Seff, MVA 22.36 6.19 7.15 2.57 29.74 

S, MVA 7.13 2.56 2.81 1.34 5.15 

S 0.48 0.46 0.43 0.61 0.18 

*Источник: составлено автором. Source compiled by the author 

Using table 6, the total capacity of the spinning and weaving factory at the substation 

"Kabun-1" for the second option: 

sum.Kabun-1.fact.opt.2 sum.fact com.orig+S =S S  (14) 

All calculated values are presented in table 12. 

Table 12  

The values of the total power of loads of electrical consumers of transformers 33/11 kV at substation 

"Kabun-1", a spinning and weaving factory, with a shift in the start time (option 2) and compensation of 

reactive power of domestic consumers. 

 
Ssum.Kabun-1.orig.comp Ssum.fact Scom.orig Ssum.Kabun-1.fact.opt.2 

Sav, MVA 28.93 14.39 14.46 28.85 

Smax, MVA 42 14.59 23 37.47 

Kfill 0.69 0.99 0.63 0.77 

Seff, MVA 30.46 14.39 21.90 29.46 

S, MVA 9.53 0.13 7.85 5.62 

S 0.33 0.01 0.54 0.19 
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Fig.4, 5, and 6 show the graphs of the loads of transformers with a voltage 33/11 kV at 

substation Kabun-1 and their terms - in real and approximate form - for various cases of the time 

when the production of the spinning and weaving factory began to work. 

 

 
Fig. 4. Approximate graphs of the total power loads of electrical consumers at substation Kabun-1, taking into 

account reactive power compensation at the spinning and weaving factory. 

*Источник: составлено автором. Source compiled by the author 

 
Fig.5. Approximate graphs of loads of electrical consumers at substation "Kabun-1" (Option 1), the start time 

of the weaving production is 12:30. 

*Источник: составлено автором. Source compiled by the author 

 

 
Fig.6. Actual load graphs of electrical consumers of transformers 33/11 kV at substation Kabun-1, spinning 

and weaving factory, with a shift in the start time (option 2) and reactive power compensation of domestic 

consumers. 

*Источник: составлено автором. Source compiled by the author 

 

Table 13 shows the statistical characteristics of the conducted studies. 

Table 13 shows that in the second option of shifting the start time, the maximum load is 

reduced by 4.5 MVA (42–37.47), and its onset time is shifted from 9:30 in the original option to 

20:30 in the second option (Fig. 6). The value of the load variation decreases from 0.33 in the 

original case to 0.19 in the second case, i.e. the graph is compressed. To assess the service life of 

transformers [16], it is required to determine the graphical changes in the dependence and load 

factors of transformers and the corresponding winding heating temperatures, and then the value of 

the relative service lives. 
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Table 13  

Statistical characteristics of the actual and approximate load graphs of transformers with a voltage 

33/11 kV at substation Kabun-1 with various options for shifting the start time of the spinning and weaving 

factory divisions. 

Index 
Original with compensation Option-1 Option-2 

Approx  Real Approx Approx Real 

Sav, MVA 29.81 28.93 29.60 29.38 28.85 

Smax, MVA 42.69 42.00 37.40 36.36 37.47 

Kfill 0.70 0.69 0.79 0.81 0.77 

Seff, MVA 30.88 30.46 30.29 29.74 29.46 

S, MVA 8.41 9.53 6.92 5.15 5.62 

S 0.28 0.33 0.23 0.18 0.19 

*Источник: составлено автором. Source compiled by the author 

 

The load factor of the second option is calculated by the expression 

sum.Kabun-1.fact.opt.

.

2

L.opt.2

L.opt.2

S
K

S

K

=

t=1h
21.99

0.55
40

n T

 
 
 

  
 

 
 

 (15) 

Using [6], we calculate the value of the relative service life, the second option 

   

2

ser.life.opt.2 L.opt.2 L.opt.2

ser.life.opt.2

ser.life.o

2

pt.2

=-1.46 -0.5 +1.83

t=1h =-1.46 0,55 -0.5 0.55 +1.83

=1.35

Т K K

Т

Т

 
  

  
 
 

 (16) 

All calculated values are presented in table 14  

Table 14 

Calculations of the value of the load factor of the transformers at substation "Kabun-1" of the second 

option 

 Ssum.Kabun-1.fact.opt.2; MVA Sn.T , MVA KL.opt.2 Тser.life.opt.2 

Average 28.85 04 0.75  0.9 

Sum 37.47 04 0.94 1.35 

*Источник: составлено автором. Source compiled by the author 

Fig.7 and 8 show the results of calculations of the load factor and the relative service life of 

transformers, the second option. 

 

 
Fig.7. Graphical dependences of the daily values of the load factor of the transformers at substation "Kabun-

1" (the second option for shifting the start time of electrical consumers). 

*Источник: составлено автором. Source compiled by the author 
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Fig.8. Graphical dependences of the relative service life of the transformers at substation Kabun-1  

(the second option for shifting the start time of work) 

*Источник: составлено автором. Source compiled by the author 

 

From Fig. 7 it is shown that the value of the average load factors of transformers (the 

second option for the start time of the spinning and weaving factory) is 0.75, the limit values are 

0.54 -0.94. 

It can be seen from Fig. 8 that the value of the average relative service life of transformers 

(second option) is 0.9. 

From [6], we consider the values of the heating temperature of the transformer windings of 

the second option 

ser.life.opt.2 opt.2

ser.life.opt.2

opt.2

winding.

winding.

о

winding.opt.2

=-0.125 t +11.792

11.79-
t=1h t =

0.125

11.79-1.35
t = =83.52 С

0.1

Т

25

Т
 
 
 
 

  
 
 
 

 (17) 

Table 15 shows the values of the heating temperature of the transformer windings at 

substation Kabun-1 of the second option. 

Table 15  

Calculation of the heating temperature of the transformer windings at substation Kabun-1 of the 

second option 

 twinding.orig (°C) Тser.life.opt.2 twinding.opt.2 

Average 90.3 0.9 87 

Max 97.5 1.35 91.76 

Min 83.5 0.32 83.52 

*Источник: составлено автором. Source compiled by the author 

 

Fig.9 shows graphs of the calculation results from table 15 for various load options. 

 

 
Fig.9. Graphical dependences of the daily values of the heating temperature of the winding of the 

transformers at substation Kabun-1 for various load options. 

*Источник: составлено автором. Source compiled by the author 

 

From Fig. 9, it is noticed that it is less than desired, since the period of the greatest loads, 

the value of the heating temperature of the windings is higher than the permissible 85°C. 
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Table 16 presents a comparison between the original, second and third option. 

Table 16 

The values of the winding heating temperature and the service life of the transformers at substation 

Kabun-1 for various options for load graphs 

Load characteristic 

Coefficient 

transformer 

loading 

Winding heating 

temperature, °C 

Relative 

service life 

Тser.life 
KL.max KL.av twinding.max twinding.av 

Original graph for reactive power 

compensation 
1.05 0.75 98 90 0.63  

Graph according to option 2 when 

approximating reactive power 

compensation 

0.94 0.72  92 87 0.9 

Graph according to option 3 when 

approximating reactive power 

compensation 

0.9 0.72 90 84 1.05  

*Источник: составлено автором. Source compiled by the author 

 

From table 16, it is noted that the value of the service life of transformers for the load graph 

for the second equalization option is significantly greater (about one and a half times) (0.63→0.9) 

than for the original load graph, taking into account reactive power compensation. 

 

B. Third option. 

It is possible to analyze additional measures to equalize the load graphs of transformers 

when changing the start time for some small industrial power consumers in the new sector of 

Adra. 

The results of studies of the characteristics of the load graphs of communal, administrative 

and public electrical consumers, a mechanical workshop and a juice factory plant in the city of 

Adra, powered by transformers with a voltage 33/11 kV at substation Kabun-1, are presented in [1, 

5, 6]. 

The third option for reducing power consumption and leveling the load graph of 

transformers with a voltage 33/11 kV at substation Kabun-1 includes the following measures: 

1. Installation of a capacitor bank on the low voltage side of transformers in a spinning and 

weaving factory. 

2. Shift in the start time of the weaving production from 5:30 to 12:30. 

3. Shift in the start time of the spinning production from 5:30 to 22:30. 

4. Shift in the start time of the mechanical workshop from 7:30 to 23:30. 

5. Shift the start time of the juice factory from 8:30 to 0:30. 

The total power at substation "Kabun-1" of the third option: 

Kabun-1.opt.3 Com.opt.3 .opt.3

C

Spin&weaving

ad&pom.opt.3 Juice.opt.u 3 .opt.b Mec 3

S =S +S

S =S S S+




 

  (17) 

 

Table 17 

Calculations of the total power at substation "Kabun-1" of the third option 

 
Administrative 

&public 

Mechanical 

workshop 

Juice 

factory 
Communal 

Spin & 

weaving 

factory 

«Kabun-

1» 

opt.3 

Average 

(MVA) 

13.05 0.46 0.90 14.41 14.51 28.92 

*Источник: составлено автором. Source compiled by the author 

 

Fig.10 shows the graphs of the total power loads of transformers of the third option. 
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Fig.10. Graphs of the total power loads of transformers with a voltage 33/11 kV for the original and for the 

third shift option 

*Источник: составлено автором. Source compiled by the author 

 

For the third option of shifting the start time of work, the largest load power is reduced by 

5.38 MVA (42.0 - 36.62), the load variation is reduced from 0.33 to 0.17 in relation to the second 

option only for divisions of the spinning and weaving factory, the largest value decreased by 

another 0.85 MVA (42.0 - 37.47), while in all options the average value of the load power of 

transformers with a voltage 33/11 kV at substation "Kabun-1" is constantly equal to 28.9 (table 

18). 

 

Table 18 

Statistical parameters of the actual load graphs of transformers with a voltage 33/11 kV at substation 

"Kabun-1" for the third option of shifting the start time of electrical consumers 

Parameter 

Administrative 

& public 

Mechanical 

workshop 

Juice 

factory 

Communal Spin & 

weaving 

factory 

«Kabun-

1» 

opt.3 

«Kabun-

1» 

original 

Sav, MVA 13.05 0.46 0.90 14.41 14.51 28.92 28.93 

Smax, 

MVA 

21.40 1.10 1.80 21.70 15.94 36.62 42.00 

Kfill 0.61 0.42 0.50 0.66 0.91 0.80 0.69 

Seff, MVA 14.12 0.64 1.06 15.22 14.54 29.33 30.46 

S, MVA 5.39 0.45 0.57 4.90 0.99 4.89 9.53 

S 0.41 0.98 0.63 0.34 0.07 0.17 0.33 

*Источник: составлено автором. Source compiled by the author 

 

Also, as the second option, you can evaluate the service life of the transformer of the third 

option (we use (15), (16) and (17)) and the results in the tables 19 and 20.   

 

Table 19 

Calculations of the value of the load factor of transformers and the relative service life at substation 

"Kabun-1" of the third option 

 Sn.T Ssum.Kabun-1.opt.3 KL.opt.3 Тser.life.opt.3 

Average (MVA) 40 28.75 0.72 1.45 

Max (MVA) 40 36.21 0.90 1.02 

*Источник: составлено автором. Source compiled by the author 

 

Table 20 

Calculations of the heating temperature of the transformer windings at substation Kabun-1 of the third 

option 

 twinding.orig Тser.life.opt.3 twinding.opt.3 

Average (°C) 34.9 5.01 40 

Max (°C) 3..1 5.41 34 

*Источник: составлено автором. Source compiled by the author 

 

Fig.11 and 12 show the results of calculations of the load factor and the relative service life 

of transformers of the third option. 
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Fig.11. Graphical dependences of the daily change in the load factor of the transformers at substation 

"Kabun-1" (the third option for shifting the start time of electrical consumers) 

*Источник: составлено автором. Source compiled by the author 

 

 
Fig.12. Graphical dependences of the relative service life of transformers "Kabun-1" (the third option for the 

start of operation of electrical consumers) 

*Источник: составлено автором. Source compiled by the author 

 

Table 16 compares the original and second options with the third option. The research 

results showed the following: 

1. The value of the average load factor of transformers (the third option of the shift in the 

start time of the operation of electrical consumers at substation Kabun-1) is 0.72, the limit values 

are 0.61–0.91. 

2. The value of the average relative service life of transformers in the third option is 1.05 - 

slightly more than desired. This is explained by the fact that the value of the average winding 

heating temperature [17, 18] is less than 84°C (allowable temperature of 85°C). 

3. The value of the relative service life of transformers in the case of the load graph 

corresponding to the third option is significantly higher (almost twice) (0.63→1.05) than with the 

original graph with the installation of compensating devices. 

 

Conclusion (Заключение). 

1. Approximation functions have been developed for daily graphs of active power loads of 

transformers of the spinning and weaving factory (first and second approximations). 

2. A sufficiently high degree of coincidence of the statistical parameters of the load graphs 

has been proved; estimates of the error of the approximation function for approximation 2. 

3. It is proved that the numerical parameters of the sum of the approximated graphs and the 

original graph of the spinning and weaving factory approximately coincide. Therefore, to align the 

load graphs of the factory, the developed approximation functions were used, and then the 

obtained results of the load parameters were compared with the real charts. 

4. As a result of the research, it was established that the service life of the transformers at 

substation Kabun-1 (the second option and the third option) depends on the start time of the 

spinning and weaving factory units. At the same time, it was revealed. 

A. In the second option, the service life of transformers with an equalization load graph is 

significantly longer (about one and a half times) (0.63→0.9) than for the original load graph taking 

into account reactive power compensation and the average winding heating temperature decreased 

by 3 °C (90 → 87) °C. 
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B. In the third option, the service life of transformers is significantly higher (almost twice) 

(0.63→1.05) than with the original graph with the installation of compensating devices and the 

average winding heating temperature decreased by 6 °C (90 → 84) °C. 
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