
POLISH JOURNAL OF MANAGEMENT STUDIES 

Pana L., Grabara J., Pasculescu D., Pasculescu V.M., Moraru R.I. 

2018 

Vol.18 No.2 

 

233 

OPTIMAL QUALITY MANAGEMENT ALGORITHM FOR 

ASSESSING THE USAGE CAPACITY LEVEL OF MINING 

TRANSFORMERS 

Pana L., Grabara J., Pasculescu D., Pasculescu V.M., Moraru R.I.

 

Abstract: In order to establish if a transformer corresponds to the requirements of the 

power network, it is mandatory to know the consumption characteristics. Heretofore, the 

determination of load level of transformers was performed based on technical-economic 

criteria. However, for the situation in which the real load would be equal to the one 

resulting from calculations, this fact would be valid only for a short time period, maximum 

two years, but the calculation based on the total updated expenditure is performed for a 

twenty years period, in which it is more than certain that the load will undergo variations 

within certain limits compared to the initial one. The central theme of this paper is 

represented by the development of an optimal quality management algorithm for assessing 

the load of transformers, which provides more information related to the economic usage 

capacity level, the value of power losses, economic transient power, possible over-voltages, 

the pricing of energy and charging of energy losses. In the end, results have been simulated 

for three series of mining transformers with different transformation ratios. 
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Introduction 

European and US specialized literature, prescriptions and instructions for 

calculating systems in order to characterize the operation of distribution networks 

use the load curve filling coefficient (ku) known also as load factor. In electrical 

networks from the mining industry, the load factor for a distribution station varies 

within a tight range from one year to the other. When connecting significant 
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consumers, case in which ku is modified, there is required to re-determine this 

factor. There is also noted that for a certain type of consumption, it varies from one 

consumption centre to the other (Liang and Parlikad, 2015; Pasculescu et al., 2015; 

Kalenova et al., 2017; Oláh et al., 2018). Therefore, after a careful investigation 

and after the load factor determination, it is noted that by the measurement of 

active and reactive energy there may be determined all elements required for 

operation analysis (Mokhova et al., 2018). For the determination of power and 

energy losses and for assessing the economic usage level occurs an approximation 

degree which is sometimes quite high, therefore is proposed to waive the economic 

usage level (GUT) in case of load approximation and to insert the terms of usage 

capacity level (GUC), economic capacity usage level (GUCec) and optimal capacity 

usage level (GUCopt). In the situation in which within a transformer and 

distribution station   are mounted several transformers, for calculating power losses 

has to be known the load regime of each transformer, as well as its’ characteristics. 

Also, the power loss value is influenced by the value of the consumption’s power 

factor. In this regard is proposed an optimal quality management algorithm for 

analysing the load of transformers from the mining industry (Oommen and Kohler, 

1999; Mikita et al., 2017; Wang et al., 2018). 

Optimal Quality Management Algorithm Presentation 

The current methodology based on which is performed the analysis of power 

transformers load is based on momentum measurements of maximum load 

(currents or powers), and the establishment of load degree is performed either by 

simple comparison of maximum current measured in peak hours with the nominal 

current (Niculescu et al., 2014; Pasculescu et al., 2017), or by calculating the 

economic usage level. Using this method in practice brings along quite large errors 

in assessing the efficient (economic) usage of mining transformers (Jahromi et al., 

2017; Lenka, 2017). Taking into account the aspects, in the following there is 

proposed a new method for analysing the load of power transformers, method 

which is based on well-established elements (Abrham, 2017; Janekova et al., 

2017). Economic power of the transformer is in fact the maximum value of a 

power which is constant over the entire operation duration, which by circulation 

through the transformer generates minimum power losses. The economic apparent 

power of the transformer is determined using the following equation:   

k

0
nTT.ec

P

P
SS




      (1) 

In this case, there exists a maximum economic power Smax.ec.T of the load curve 

given for which the energy transfer through a given transformer is performed with 

minimum power losses (Misak and Fulnecek, 2017).  
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in which: 

τ
*
 is the technological loss factor or the relative value of the loss duration, and is 

given by the relationship: 
2
uu k8.0k2.0       (3) 

kd is the coefficient of displacement of the maximum economic operation power 

and is given by the following equation: 







1T
k f

d      (4) 

On the basis of the above equations, the calculation of the maximum economic 

load, expressed in kVA, is deduced as follows: 

dT.ecT.ec.max kSS 
    

 (5) 

Using the maximum economic power, the economic usage (charge) of 

transformer’s capacity GUCec is calculated for which the losses are minimal, with 

the following equation: 
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 (6) 

The economically transient (with minimum loss) energy, in kVAh, is given by: 

fudT.ectecec TkkSCGUCW       (7) 

The transit (passage) capacity of the transformer, in kVAh, which is defined by the 

transition of a power equal to the nominal power SnT throughout the duration of its 

operation, is calculated using the formula: 

fnTt TSC 
      

(8) 

The parameter that best defines the shape of the load curves is the fill factor of the 

load curve ku (which is also known as the installed power factor or the flattening 

factor) and is given by the following equation: 
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      (9) 

in which: 

f

r
med

T

W
S   is the mean apparent power expressed in kVA, defined as the ratio 

between the real apparent power transited over the operation time (Wr) and the 

operation time 

Smax the maximum duration apparent power, expressed in kVA 

TM the usage time of yearly maximal power, in h/year. 
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From the above relationship it follows that: 
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(10) 

Finally, there is determined the calculation relationship for the maximum duration 

load, in kVA: 

nT

u

max S
k

GUC
S       (11) 

The analytical expression of the economic usage of the transformer capacity GUCec 

can be written as follows:  
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The analytical calculation expression, which is most often used to determine load-

dependent energy losses during transformer operation, is: 
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(13) 

The problem of accurately calculating the losses in transformer windings consists, 

in fact, in determining as precisely as possible the sizes of τ and Smax.  

In practice, by determining the load degree of each transformer using the new 

method, there can quickly be detected the level of energy loss and taken the 

necessary measures for obtaining the operation within the optimum load range 

(Goh et al., 2012; Shaefiee and Animah, 2017).  

Simulation and Results Interpretation 

Using the new load degree concept, there are presented in the following several 

case studies for the current transformer series from the mining industry. With the 

help of the previously determined relationships, the results obtained from the 

calculations for the currently used series of mining transformers, of type TT-AN, 

6/0.4 kV, 6/0.69 kV and 6/1.05 kV, are presented in Tables 1, 2 and 3. 
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Table 1. GUC assessment for the actual series of mining transformers type TT-AN, of 

6/0.4 kV 
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Table 2. GUC assessment for the actual series of mining transformers type TT-AN, of 

6/0.69 kV 
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Table 3. GUC assessment for the actual series of mining transformers type TT-AN, of 

6/1.05 kV 
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In the case studies analysed using the numerical relations presented in this article 

there can be determined the value of the transited economic energy, the load 

percentage of the transformers and the peak load that may occur at various loads.  

It can be noticed that in case of mining transformers GUCec is in the [47, 66]% 

range, depending on the values of the load curve fill coefficient. Therefore GUCec 

is defined by the following equation: 
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powerfully influenced by the ratio ]05.1,42.0[
P

P

k

0 



 ranging between very tight 

limits (Table 1, Table 2 and Table 3). 

At the same time, because of the ku filling coefficient which establishes the load for 

which the overloads occur, it results that it is required a displacement of the 

optimal loads range (GUCopt) and therefore of the economic load point (GUCec) to 

the left in the case of low power transformers, to the right in the case of high power 

transformers. In this regard, it can be said that in order to achieve the optimal usage 

of transformers, it is necessary that the points GUCec to be spread over a range as 

large as possible, preferably [25(30), 45(50)]%, thus reducing the correlation with 

the power of the transformers, as shown in Figure 1. 

In Figure 1, respectively in Figure 2, the coordinates of the point defining the 

transformer load degree (GUCec) are determined further.  

Finally, result the relations for the abscissa and ordinate of the point defining the 

optimum load degree of the transformer:  



POLISH JOURNAL OF MANAGEMENT STUDIES 

Pana L., Grabara J., Pasculescu D., Pasculescu V.M., Moraru R.I. 

2018 

Vol.18 No.2 

 

239 

duT.ec

0

ect

0

ec

0

k

0
u

nT

duT.ec

nT

uT.ec.max
ec

kkS

P2

GUCC

W2

W

W2
Wy

1

P

P
k

S

kkS

S

kS
GUCx






























  (15) 

It follows that in the case of curves with pronounced load peaks (with low filling 

coefficients) a natural shift of the economic load point to the left occurs. In this 

way, the range of optimal load (GUCopt) is moved to the left, for reducing the 

possibilities of using the transformer capacity. In the case of curves with such 

peaks, the possibility of using the capacity of the transformer is also reduced due to 

possible overloads. Practically, one can try to set the GUCec point at coordinates (x, 

y) as small as possible. This can be done by knowing that the active copper and 

iron mass required to execute a transformer of a certain power is kept 

approximately constant, ie: 

nT3Fe2Cu1 SCMCMC       (16) 

in which: 

MCu, MFe total active mass in copper, respectively in iron of the transformer, in kg 

C1, C2, C3 numerical constants 

 

 
Figure 1. Linking nominal power of type TT-AN transformers depending on GUCec 

 

From the case studies previously analysed, it can be said that the optimal use of 

TT-AN transformers can be achieved if the following conditions are met: 

 To reduce specific iron losses, because the operation is at low loads anyway, 

and during this load interval, iron losses hold the largest share of total power 

losses in transformers. 
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 Because the iron losses cannot decrease in any way and in any amount, the 

copper losses should be increased (according to the principle that the active 

mass of a transformer must be approximately constant for a given nominal 

apparent power). This is beneficial because there is an increase in the loss ratio

0

k

P

P




, which causes a shift to the left of the GUCec and, implicitly, of the 

optimal load interval (GUCopt). 

 To increase the overload capacity of the transformer in order to be able to 

operate at the right limit of the optimal load range (GUCopt), where Smax far 

exceeds the nominal power of the transformer. 

As mentioned before, the above-mentioned conditions refer to low-power MV/LV 

transformers (up to 100-250 kVA), as generally there may only be very high peak 

load curves for their case.  

If for the load curves with low filling coefficients (with high load peaks), the above 

mentioned conditions are required, and in the case of high load factor (k = 0.5) load 

curves, such conditions are not required, on the contrary, for optimal use of 

transformer capacity (of the investment made) it is even advisable to move the field 

of optimal load to the right by reducing the ratio 
0

k

P

P




. 

Figure 2 shows the optimal degree of operation of a transformer in the case of a 

curve of energy losses in relative values. 

 

 
Figure 2. Optimal operation range (GUCopt) for a percentage loss curve of mining 

transformers 

 

In order to obtain the displacements of the GUCec points it is necessary to modify 

the ratio 
k

0

P

P




, which must vary within wider limits and correlated with the rated 

power of the transformer.    
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In this way, a real optimum load range is shifted until this domain is at the same 

time the range of possible optimal loads.   

The modification of the ratio 
k

0

P

P




at the same time means the change of values of 

specific iron and copper losses that cannot be changed in any manner. Their 

modification must be made in such a way that the energy losses obtained by 

moving the GUCopt domain to be smaller throughout the range of the optimal load 

range compared to the energy losses of the currently used transformers. 

Finally, it can be mentioned that within a modern design of power transformers 

activity, it is absolutely necessary to use the concepts presented within this paper. It 

can also be said that when designing the new transformer series, the new overload 

capacity concept has to be taken into consideration. 

Conclusions 

By defining the optimal usage capacity, a wide range of load values of the 

transformer has been accepted, range for which the losses could increase, 

compared to the minimum losses, with a fairly small percentage [5, 10]%. 

In this way, the great advantage is that, both in design and in operation, the load of 

the transformer can be located in this range (range between about 20% to about 

45%). The degree of economic usage GUCec of the transformer’s capacity, which 

has only a theoretical significance, and the optimal usage capacity GUCopt, which 

has an important practical utility, are defined (Pana, 2006). 

For load curves with filling coefficients comprised within the range [0.35, 0.5], in 

case of mining transformers type TT-AN, of 6/0.4 kV and 6/1.05 kV, (Table 1 and 

Table 3) the optimal load cannot be extended over GUCec ([57, 68] %), because 

energy losses significantly increase. In this case, from the performed analyses, the 

upper limit of the optimal load range corresponds to GUCec., therefore, for 

obtaining an optimal regime in this situation, it shall be monitored in exploitation 

so that to operate at the lower limit of the GUCopt range, meaning lower loads, of 

[30, 45]%.  

In case of the transformer of 6/0.69 kV, 500 kVA (Table 2) resulted a ratio of 

02.1
P

P

k

0 



, due to the fact that iron losses are higher than copper losses. For 

values of the filling coefficient of [0.35, 0.6], the value of GUCec is [87.46, 

96.25]%. In this case, operation will not take place for such loads due to the fact 

that there occur very hazardous load peaks, which exceed the power of the 

transformer, with the value Smax=2.5 SnT, for ku=0.35. In order to obtain an optimal 

operation regime of the transformer, there is aimed to achieve a value of the filling 

coefficient which to be higher in exploitation [0.5, 0.6]. In operation, there will be 

aimed for the transformer to operate at a lower limit of GUCopt, namely to the left 

of the point that defines GUCec (Figure 1 and 2). If the transformer operates for the 
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economic load established by calculation, (GUCec=[87.46, 96.25]%), active energy 

losses have high values (ΔWa=[90.79, 131.17] kWh/day) (Table2). 

A constant power Sec.T is not passed through the transformer, but one that is 

variable after a certain load curve, this ranging between two limits: one minimum 

and one maximum.  Knowing the place of consumption (defined by the transition 

capacity of the transformer Ct and the value of the filling coefficient ku), the 

maximum energy that can be transited can be determined for each transformer 

without reaching hazardous overloads. In conclusion, due to a more accurate 

determination of τ and Smax, result values of the winding losses, which are error-

free compared to the actual losses, of ±10% at most, compared to the ±25% errors 

resulting from the use of the current methodology.  

Energy management aspects may be extended in the future by determining the 

costs of energy losses using the results presented in Tables 1, 2 and 3 (Power 

Engineering Guide, 2009). 
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OPTYMALNY ALGORYTM ZARZĄDZANIA JAKOŚCIĄ DO OCENY 

WYDAJNOŚCI POZIOMU TRANSFORMATORÓW GÓRNICZYCH 

Streszczenie: W celu ustalenia, czy transformator odpowiada wymaganiom sieci 

energetycznej, obowiązkowe jest poznanie charakterystyki zużycia. Dotychczas 

wyznaczanie poziomu obciążenia transformatorów odbywało się w oparciu o kryteria 

techniczno-ekonomiczne. Jednakże w sytuacji, w której rzeczywiste obciążenie byłoby 

równe wynikowi wynikającemu z obliczeń, fakt ten byłby ważny tylko przez krótki okres, 

maksymalnie dwa lata, ale obliczenia oparte na całkowitych zaktualizowanych wydatkach 

są dokonywane dla dwudziestu, w okresie, w którym jest więcej niż pewne, że obciążenie 

ulegnie zmianom w pewnych granicach w porównaniu z okresem początkowym. Głównym 

tematem tego artykułu jest opracowanie optymalnego algorytmu zarządzania jakością do 

oceny obciążenia transformatorów, który dostarcza więcej informacji dotyczących 

ekonomicznego poziomu wykorzystania mocy, wartości strat mocy, ekonomicznej 

przejściowej mocy, możliwych przepięć, wycena energii i pobieranie strat energii. W 
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efekcie symulowano wyniki dla trzech serii transformatorów górniczych o różnych 

współczynnikach transformacji. 

Słowa kluczowe: wykorzystanie ekonomiczne, optymalne wykorzystanie, zarządzanie 

jakością, poziom wykorzystania mocy. 

最优质量管理算法评估采矿变压器的使用能力水平 

摘要：为了确定变压器是否符合电网要求，必须了解消耗特性。迄今为止，基于技术经

济标准进行变压器负载水平的确定。但是，对于实际负荷等于计算产生的负荷的情况

，这个事实仅在短时间内有效，最长两年，但基于总更新支出的计算是针对二十年进

行的。几年时间，与初始时间相比，负载在一定限度内会发生变化。本文的中心主题是

开发用于评估变压器负载的最佳质量管理算法，该算法提供了与经济使用容量水平，

功率损耗值，经济瞬态功率，可能的过电压相关的更多信息。 

，能源的定价和能源损失的收费。最后，对具有不同变比的三个系列采矿变压器进行

了模拟。 

关键词：经济使用能力，最佳使用能力，质量管理，使用能力水平。 
 


