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Calculation of Additional Losses in Excitation Transformer Rectification Harmonic Based on

Wavelet Packet Decomposition and Reconstruction
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Abstract: Harmonic loss is one of the main causes of safety accidents in excitation transformers. If the loss
value is too large, it can easily affect normal substation and transmission. Therefore, a method based on wavelet
packet decomposition and reconstruction was proposed to calculate the additional loss of rectification harmonics in
excitation transformers. By obtaining wavelet packet decomposition and reconstruction coefficients, the additional
losses of two types of harmonics in excitation transformers were analyzed. The open circuit and short circuit
experiments were used to obtain the equivalent circuit parameters of the excitation transformer, and the wavelet
packet decomposition and reconstruction algorithm was used to calculate the resistance and reactance under
different harmonic frequencies,and compare them with the reference value to obtain the additional loss value of the
rectification harmonic of the excitation transformer. Finally, a certain type of excitation transformer was selected
and used the proposed method to calculate its additional loss value under different harmonic frequencies. The
results show that the calculated loss value is very close to the actual results, verifying the high practical value of the
proposed method.
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Fig.1 T-shaped equivalent circuit diagram of excitation transformer
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Fig.2 Excitation transformer open circuit experiment diagram
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Fig.3  Short circuit experiment diagram

of excitation transformer
B RN SR 20 e A BB, U, s —
U HL H L P, 153 50 3R il 78 1 2t A IR 1
P , DU AT 4 P 38 J B BH BT 12 ) A 3RA R

1Z.|= XU—XU
S N (13)

B2 R NS0 = 5N S SE 7 W ada X O L= 2R
12

TEANG JEBRAVURE T, J e v B LT3 2 5
LW

1152 <|I]2N (14)
X =2 -R
4 il G AR A TR A A O e AR B R A
kUGEBEAE TR, il A8 T g S5 50 I R Gn 14 4
Ji7s o

Pl 4 Dl TG 7 s g VA D 25 0 i B
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of excitation transformer
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Fig.7 Comparison between the harmonic additional loss value

of the proposed method and the actual results
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transformer under nonlinear load

U R FE (B e, oM 20.9 W
3 %

B %ok Dl s 7 e 4 v R T 1 O R o 5 RE 7 1)
A, SCEEHR T T /N o3 i R Y SR
o T8 A A R /DN e R R A e AR v ) R R
DA S U8 A L, At XTIl e A8 e A v B U B PR
VU A0 FE SR T A3 M, AT T b G AR A R S
PEACI B E Hr p rE BE A R BT 5 B A T
XF LG, A5 3] TR RS BRI ARE T A R . &
J& 38 I AR RS e ) O BT R D AR RE AT 52
B, 25 SRR WY BT £ 07 v T LU HETH AN [R]3%
PERECT WP FE(E

14

(1]

(2]

3]

[5]

(6]

(7]

(8]

S0k

o LI 2 IS 2 e e 18 3 1) 3| X B R g i
FEVHETT UL SRR FLREAR, 2021,45(2) : 811-817.
ZHAO Zhigang, HU Xinjian, MA Xiwen, et al. Calculation and
verification of harmonic magnetic loss considering magnetic flux
waveform characteristics[J]. Power System Technology, 2021,
45(2):811-817.
XK BT, X 3 30 I 5% S R IR 5K T e U R e
O HFETE S RAE] R RER R L 2021,40(2) - 25~
32.
LIU Fugui, ZHAO Lin, JIANG Jiacheng. Calculation and verifi-
cation of core loss of high frequency transformer under sinusoi-
dal and non-sinusoidal excitation[J]. Advanced Technology of
Electrical Engineering and Energy,2021,40(2) :25-32.

AN 2R, TR AR IR T R T AR I A
%%%‘IEME (7). L T BB A, 2022,41(7) :72-79.
DING Jie, LI Lin, ZHANG Xiwei. Rotational magnetic charac-
teristics measurement and analysis of loss characteristic for
non-oriented electrical steel sheets|J]. Advanced Technology of
Electrical Engineering and Energy,2022,41(7) :72-79.
WM , Wil B, 5 Rl il — AR TR AR S8 RO
PRI, W R AR ,2022,48(8) :3119-3131.
CHEN Bin, CHEN Jian, LIANG Xu, et al. Harmonic loss model
of winding and core of high-power three-phase medium-fre-
quency transformer{J]. High Voltage Engineering,2022,48 (8):
3119-3131.
LA, ENEZ . 1 B L RR ST S M (Y 10 kV I HL P RLAE T
SRR N H LB BrieL)]. BHF R AR BB, 2022(8) :30-33.
SHEN Jianhui, WANG Xuhong. Loss calculation model of 10
kV distribution network considering the influence of power
quality and its experimental verification[J]. Scientific and Tech-
nological Innovation Information,2022(8) :30-33.
Wi, B0 i, 283507, 5 . X BN IR F L K RE AT 0
VARFE A S 20 T[], 1 TR 4], 2022,37(14) : 3514~
3527.
CHEN Zhenfei, MA Hongzhong, LI Zhixin, et al. Analytical mod-
eling and analysis of magnet harmonic loss in fractional slot per-
manent-magnet machines|J]. Transactions of China Electrotech-
nical Society,2022,37(14):3514-3527.
e Tt 6 S, A5 YA SRR A N A 2 )
HAHT FHRBLIT A, 2020,37(7) : 285-290.
FENG Anan, YUE Jianhai, ZHENG Yi, et al. Mind evolutiona-
ry algorithm optimization and wavelet packet denoising simu-
lation analysis[J]. Computer Simulation, 2020, 37 (7) : 285-
290.
R, XA AR, A5 T S B BT iR R A 10 kV L
FL PO 40 T SR A R S B R (). R A S B
2022,42(1):212-220.
LI Qionglin, LIU Shuming, WEN Jiajing, et al. Calculation mo-

del of 10 kV distribution network loss considering power quali-



M SN0k 65 R 09 o Ak I R 32 RS R R AR AL ST A

WA AR 20245F H 544 Ko

191

[10

[11]

[12]

[13]

[14]

ty impact and its experimental verification[]J]. Electric Power
Automation Equipment,2022,42(1):212-220.

XA, B AR AR T0RK, 45 L T I ARG A (Y C P S T
WAETT )] AL R 4% ,2019,56(2) :39-44.

LIU Shuming,ZENG Linghua, LI Qionglin, et al. Calculation of
harmonic losses in distribution transformers based on time fre-
quency domain[J]. Transformer,2019,56(2) :39-44.

AR, AR SRR 48 28 R B AR R 1 T T
FL DTS PO B 5 BRAIE )], 5 R AL 2021, 57(9) 58~
65.

LI Xinghan, LI Yongjian,ZHANG Changgeng, et al. Simulation
and verification on thermal effects of dry-type smoothing reac-
tor considering harmonics loss characteristics[J]. High Voltage
Apparatus,2021,57(9) : 58-65.

SRS A X8 T A T R R R AL AR
728 Hs A URE e 5 (LA U], AR AR R 23 ( H AR
J),2021(6) : 135-146.

ZHANG Guofang, WEN Lili, LIU Tongyu, et al. Anomaly detec-
tion of transformer loss data based on a robust random cut forest
[J]. Journal of East China Normal University(Natural Science) ,
2021(6) : 135-146.

RAE, R IE, 25 ST AR A 104 0 % ) A0 L T A4
D] TR 741, 2022, 44(5) : 464-472.

ZHU Tuo, LI Zheng, LI Zi. Calculation of eddy current loss of
permanent magnet synchronous machine based on analytical
model[J]. Journal of University of Shanghai for Science and
Technology,2022,44(5) :464-472.

R AR, AR, 45 T OCRE B LA ML E 5 i R
WEFELT). A% 50,2021,51(13) :64-68.

LI Minzhong, PAN Yafei, KUAI Songyan, et al. Unipolar sinu-
soidal excited switched reluctance motor control[J]. Electric
Drive,2021,51(13) :64-68.

BRI, X — B, T A5 X U D s K Al
Y M B . v R e B HE A B 2A 4R, 2021,33(5)

[16

[17

[18

[t}

i}

]

[t}

91-99.

CHEN Zhengguang, LIU Yimin, WANG Xingguo, et al. Influ-
ences of DC bias on the criterion for second-order harmonic
braking and the corresponding countermeasures[J]. Proceed-
ings of the CSU-EPSA,2021 ,33(5):91-99.

R AR ISR, 55 . R v T A TC H I BE IS 2R AT 5T
[J. A5 501, 2021,51(4) :56-62.

CAO Qing,ZHU Jun, XIE Rongbin, et al. Research on theoreti-
cal line loss of distribution network under harmonic standard
[J]. Electric Drive,2021,51(4):56-62.

SRR AR, Stk A5 IR A FERE R NS A A LR AE
PiE 30T BUBR L3, 2021,45(8) 1 118-123.

ZHANG Bangjing, ZHU Zina, WU Di, et al. Simulation and
analysis of the loss of hybrid magnetization magnetic gear com-
posite motor[J]. Journal of Mechanical Transmission, 2021, 45
(8):118-123.

(G kRN R ) | [ QA i B v Resg = W A
Bl F W W) 5 2 BT 0] DUBCRE 2 5 BOR 2021, 40(11) ¢
1664-1669.

XU Shiqiang, TONG Lanian, MA Qingzhi, et al. Harmonic
weakening analysis of no-load induced electromotive force of
tangential permanent magnet synchronous motors[J]. Mechani-
cal Science and Technology for Aerospace Engineering, 2021,
40(11):1664-1669.

PR XKL, EIE , 45 —FiiE T =3 B4t R SERY
IR 2 BRI TS R ). T, 2021, 54(1) 137
46.

CUI Jiaying, LIU Tianqi, WANG Shunliang, et al. A calculation
method for line harmonic current based on three-terminal
HVDC transmission system[]J]. Electric Power, 2021, 54 (1) :
37-46.

Wik H 9. 2023-05-24
EEH H 19 :2023-12-25

15





