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Power Loss Analysis of Transformer Caused By Current Harmonics

Seungyong Jang', Sanghoon Han', and Jacho Choi®

Abstract

This study investigates transformer losses caused by current harmonics. Electrical transformers are designed
to work under sinusoidal voltage and current waves at a rated frequency. Recently, various nonlinear loads,
such as power electronic converters, are connected to a power system; these converters generate current
harmonics. Current harmonics increase power loss in transformers, which results in several problems, including

temperature increase of the transformer and insulation damage. These problems will eventually shorten the
operational life of the transformer. In this study, different types of losses caused by current harmonics in
three-phase transformers are studied under linear and nonlinear load conditions. Linear loads are simulated and
experimented on using pure resistance load, whereas nonlinear loads are simulated and experimented on using a

three-phase twelve—pulse thyristor full-bridge rectifier.

The different types of losses in three—phase

transformers are evaluated analytically through the experimental result and simulation in PSiM.

Key words: Current harmonics, Non-linear load, Transformer losses
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1. Iron Loss

i2. Copper Loss :
3. Eddy Current Loss!
‘4. Other Stray Loss !

Line Impedence —

Power

Converter Load

Transformer

Fig. 1. Transformer losses caused by current harmonics
and distorted voltage.
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TABLE 1
TRANSFORMER OPEN CIRCUIT TEST RESULT
Active power 0.13[kW]
Reactive power 0.83[kvar]
Apparent power 0.86[kVA]
Power factor 0.153
Phase angle 81.2°
Frequency 60.02[Hz]
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Fig. 2. Transformer wiring diagram.
TABLE I
TRANSFORMER PARAMETERS FOR EVALUATION OF
LOSSES
Rated Power 18.75[kW]

Parameters Value Parameters Value

Vv, 460[V] Lp 23.5333[A]

V, 120[V] Ly 45.1055[A]

Vs, 120[V] Ly 45.1055[A]

R, 53.9475[mQ] L, 1.2627[mH]

R, 79.9859[m Q] L, 834.9[mH]

R, 26.6312[m Q] Np 460

L, 1.1383[mH] N, 120

L, 1.1383[mH] N, 208
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Fig. 3. Pure resistance for practical experiment.

Fig. 4. Experimental results when transformer is under
non-linear load condition: (a) Input Y current, (b) output
A current, (c) output Y current.
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TABLE V
TRANSFORMER LOSSES VALUE UNDER LINEAR
LOAD IN EXPERIMENT

3
; Loss under Corrected
5 Type of . losses under
linear Fyr i
C + losses load( W) linear
L ‘% L load( W)
% Py 130 130
- P, 136.8894 136.8894
Fig. 5. Transformer wiring di'c'lgram and circuit scheme j 124.0238 1.0159 125.9927
when transformer connected nonlinear. Poss 610863 10008 611338
TABLE I 122;1 451.9995 454.0159
HARMONIC MAGNITUDE OF CURRENT UNDER
LINEAR LOAD
: TABLE VI
h _Current Harmonics(A) TRANSFORMER LOSSES VALUE UNDER NON-LINEAR
2% A 2t Y LOAD IN EXPERIMENT
1 36.45 46.64 Corocted
> 0.53 0.09 Type of Loss under losses under
7 0.38 041 losses non linear Fyr non linear
11 0.14 027 load( V)
13 0.11 0.25 load( V)
17 0.11 0.08 Py 130 130
19 0.02 012 P, 151.2359 151.2359
Ppc 259.6082 7.8542 2039.0117
TABLE IV Posy 127.8668 1.6278 208.1358
HARMONIC MAGNITUDE OF CURRENT UNDER Total 668.7108 15283833
NON-LINEAR LOAD losses
h Current Harmonics(A) ] o
27 A 22 Y wEs A AdE mASS
1 36.64 45.19 ok o]2ARl ARt 59 BHAS AT dlst
5 17.76 21.74 of Ago|A AZ7dA A Bty 43k 59 1
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TABLE VI
COMPARATIVE TRANSFORMER LOSSES FROM
CALCULATION AND MEASUREMENT IN EXPERIMENT

T 1l Linear load Nonlinear load
ype of losses
(W) (W)
Total power
losses by 454 2528
calculation
Total power
losses by 390 2510
measurement
TABLE VI

HARMONIC MAGNITUDE OF TERTIARY CURRENT IN
SIMULATION UNDER NON LINEAR LOAD CONDITION

h 1,

1 40.0500
5 20.6348
7 10.1049
11 1.0498

13 0.9641

17 0.4394

19 0.6052

AEE o1 e PSIME
o] AgoAet e Ay ¥
2004 EAEA = B
Bl upe}

a8 o= A|EF o)A YDY Hr]e] HHZ=o|
wolE| 8 Bl 2E Ay
3 2245 747t AR S JERITH

o

& 8oll= Algdelds Toto] SAE AR izt
e Uepdddh HdE Febh AAEAS B9 et
A2 azxdrt FAE0od Ay Forh AAENS
e AEdelde 54 dAw wxdrh dAEA
ekokth. whebAl, vl d Hah 2roA 9 nxs £
s Yephded A9S Skl u2 gt nlaet
71 gt AlEE oA JAl AF nFx2IE 193 7R

23k
I 99 ¥ 100 A EHIAE 3 &4 AN ARES
Aelslth Aol BAAA} wpRsA R
o3k A3 ZAo o3 &S W AE E 11
of Agste] YeERSATH
AlEgele AE o] gste] Aitel 9ty =&
W19 F &M Ay FlelA 450[W]elar v]ad
Slofl A 2525[W]Z A3 A
TG Wt F o] AY Falel wjAy
ol A 454[W], 2528[W] °3 &< 7t uf wijg- %

AnE woln Yge HAT Aok

IR A )

S W] &4 8 39

HU  nv

02 022 024 0.26 028
Time (s)

(c)
Fig. 6. Simulation results when transformer is under
non-linear load condition: (a) Input Y current, (b) output
A current, (¢) output Y current.
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TABLE KX

TRANSFORMER LOSSES VALUE UNDER LINEAR

LOAD IN SIMULATION

Loss under Corrected
Type of . losses under
linear Fy .
losses linear
load( W) load( W)
Py 130 130
P, 129.7519 129.7519
Preo 127.1980 1 127.1980
Post 62.6498 1 62.6498
Total 449.5996 449.5996
losses
TABLE X

TRANSFORMER LOSSES VALUE UNDER NON LINEAR

LOAD IN SIMULATION

Corrected
Loss under
Type of . losses under
non linear Fyp :
losses load( 1) non linear
load( W)
Pyr 130 130
P, 174.3410 174.3410
Ppe 242.7314 8.3067 2016.3053
Post 119.5542 1.7109 204.5411
Total
666.6266 2525.1873
losses
TABLE XI

COMPARATIVE TRANSFORMER LOSSES FROM
CALCULATION AND MEASUREMENT IN SIMULATION

T el Linear load Nonlinear load
ype of losses
(W) (W)

Total power

losses by 450 2525

calculation

Total power

losses by 443 2481

measurement
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