
 2019 

,

 –  I – 

, ,

ANALYSIS OF THE POWER TRANSFORMER OPERATION SUPPLYING 
A COMBINED NON-LINEAR LOAD IN THE PUBLIC SECTOR -  
PART I - CHARACTERISTICS IN THE CASE OF SUPPLYING  

NON-LINEAR LOADS  

Dimitrina Koeva, Svilen Rachev, Lyubomir Dimitrov  

bstract
From the point of view of energy efficiency optimization, the operating modes 
of frequently used electrical equipment - the transformers supplying combined 
non-linear loads in the public sector - are of interest. Modern transformers can 
be more efficient than ever and at the same time economical. In recent years, 
there has been a significant increase in electronics, computer technology or 
other complex equipment integrated into the industrial and public sector. All 
these devices are a source of harmonics (harmonics of currents and voltages) 
which, with their harmful influence, increase the losses in transformers and 
motors, load their windings thermally and generally reduce the efficiency of the 
electrical system. Paper deals with analyzing the operation of a power supply 
transformer for a specific site - public building – with evaluation of the 
harmonics of the current. 
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 [3, 4].

, , -
.  UL 1561/2011 

(Standard for Dry-Type General Purpose and Power Transformers) -
- , - , (UL – Un-

derwriters Laboratories  - -

. UL  General Electric) [1, 7]. 
, :

1. NEMA ST 20,  ( );
2. NEMA 250,  ( ,

 1000V); 
3. NEMA TP1 ( -

);
4. NEMA TP2 (

);
5. NEMA TP3 ( -

);
6. ANSI/IEEE C57.12.91, (Standard Test Code for Dry-Type Distribution 

and Power Transformers); 
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7. NFPA 70, National Electrical Code; 
8. IEEE C2, National Electrical Safety Code; 
9. IEC 60076-7, Power transformers – Part 7: Loading guide for oil-

immersed power transformers.  
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“ [1], (‘IEEE Recommended 
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Nonsinusoidal Load Current’), -
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. , [2, 3, 7, 8]: 

15 25 . -
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/ , kV; , Hz; -
 (kVA, A, kW);  ( );

 (PF). -
, , , -

 ( -
),

.
. 1. 

- - ,
LKI

-1 0.00 
, -1 0.00 

,  ( ) -1 0.00 
-1 0.00 
-4 25.82 

UPS -4 25.82 
-4 25.82 
-4 25.82 

PL -4 25.82 
-13 57.74 

UPS -13 57.74 

236



- - ,
LKI

, . -13 57.74 

, - -13 57.74 

, -20 80.94 
-20 80.94 
-20 80.94 

- -30 123.54 

-30 123.54 
-40 208.17 
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 10 ,
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, .
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kWP 342. 8.0eK . -
kWP 6.273 . -

 METREL MI 2292, . 2, ( -

),  48 ,  15 -
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 – 21.743 kW;  – 19.09 kW  – 16.944 kW. 
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. 5. .

. . 1 -
:  – 32 kW , -4; 

UPS  –  2 kW, -13; ,

121,75 kW, -20. -
, .

- , -
-

, . 6 . 7. 

239



. 6. .

. 7. 
.

240



 70% 
.

.
. -

.
, -  5-

13- . , /
-

, .
- . -

.

, -
-
-

.

[1] The Institute of Electrical and Electronic Engineers, “Recommended 
Practice for Establishing Transformer Capabilities when Supplying Non-
sinusoidal Load Currents” ANSI/IEEE C57.110, 1986. 

[2] Deshpande ., R. Holmukhe, Y. Angal. K-Factor Transformers and 
Non-linear Loads.  EDI, June 1991, Vol 2, No 6. 

[3] Zobba A. F., Practical Solutions for Harmonics Problems Produced in 
the Distribution Networks, Journal of Electrical Systems, 2006, Vol. 2, No 1, 
p.p. 13-28. 

[4] Gouda O.E., G.M. Amer, W. A. A. Salem. A Study of K-Factor Power 
Transformer Characteristics by Modeling Simulation, ETASR – Engineering, 
Technology and Applied Science Research, 2011, Vol. 1,  5, p.p. 114-120. 

[5] Harlov N. N. Electro-Magnetic Compatibility in Energetics. Publishing 
House TPU, 2009. (in Russian). 

[6] Tsitsikyan G. N. Electro-Magnetic Compatibility in Energetics.. Sankt-
Peterburg, 2006. (in Russian). 

241



[7] https://www.ge.com/research/
[8] https://www.emerson.com 

. . - . ,  – 
, +359877168949, e-mail: dkoeva@abv.bg 

. - . ,  – 
, +359877168793, e-mail: sratchev@mail.com 

. . - . ,  – 
, +359886773234, e-mail: eng.l.dimitrov@abv.bg 

242




