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Research on supraharmonics transfer characteristics of
transformer with different loads conditions
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Abstract: With the improvement of power electronics in power systems, supraharmonics(2 ~ 150 kHz)
has become a new power quality problem. To study the transfer characteristics of supraharmonics through
transformer, based on the high frequency harmonic circuit model of transformer and the principle of cir-
cuit analysis, the transfer characteristics function of transformer is derived. Analyzing the harmonic voltage
transfer characteristics of transformer with different load conditions, and considering the load complexity
in practical engineering application, the variation rules of voltage transfer characteristics with different
power factors is further explored. It also reveals the relationship between the parasitic parameters, the load
characteristics resonance frequency and transfer characteristics. Due to the influence of parasitic capaci-
tance, the transformer voltage ratio changes with frequency, and the maximum gain at the pole resonance
and the minimum gain at the zero resonance. The simulation verifies the accuracy of the transformer’s
transfer characteristics, which has the reference value for the analysis and solution of the supraharmonic
problem in the power system.
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Fig. 1 Transformer high frequency circuit model
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Fig. 2 7-type structure of transformer harmonic model
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Fig. 3 Diagram of the ratio of load inductance to leakage

inductance and resonance frequency offset rate
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Fig. 4 Diagram of the ratio of load capacitance to parasitic

capacitance and resonance frequency offset rate
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Tab. 1 Transformer simulation parameters
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Fig. 5 Voltage transfer characteristic curve of

simulation and theoretical derivation
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Fig. 6 Voltage transfer characteristic curves with different loads
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Tab. 2 Different load parameter value
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i J 21 2% X 4 7 IS ) 44 R 4
R,/kQ) L,/H R,/kQ C,/nF
0.3 100 1012.20 100 10.01
0.5 100 551.33 100 18.37
0.8 100 238.72 100 42,44
1 100 0 100 0

AR A% 3 A DR, R [R] 2 R AR 6
BN R R m & 7 R, Horb
Ta, b oy ET DR PR A T Ek)
DU 5 D A R (A B ) e o, T
LI 3

1) TEB AT DR RSO0, A
AR, B S AR DN RO B, S R A O Y

www.eage.com.cn

Application Research | NBWHZR
Jn, A s SR AR ) AR B RS Bl TR AR AL
(A K AEL G & 97 268 FL 25 9 38 g e sl /s, (AR
IHE TR KME

2) TEWIE I RH AL T, A
A, Bl T RS R B B, B2k H JER B i
AN, BEAABREHEM A ILE A RA A, HiE
A% Hiy e AR T S5 U ik A T s, 0 B A% s )
R0 H R

800 1
cos@ =1
700 F cos® =0.3
................. cosQ =0.5
600 [ cos® =0.8
500
5
o=y
g 400
300 :
2
200 [
0 1000 2000
100 /
— B e ——— :
0 2000 4000 6000 8000
W% /Hz
(a) ABETTHREEL
1407 cos@ =1
cos® =0.3
1200 . cosp =0.5
cosp =0.8
1001 ’
& sor
#z
L
2 60f

2

40t lb /
0

207 /

0 2000 4000 6 000 8000
W% /Hz

(b) R TR F L
7 AEITHEE TR E RS S 2

Fig. 7 Voltage transfer characteristic

curves with different power factors

4 HFRiF

AR SCAE AR s g WA D52 26 200 R B S R B ity |
HRVRHE T AR I A YO A R R,

202188 - MR- @i Hdl | 41



AR |

Application Research

8 e R U A 3 A O 2 S 2 ]
MIORIROC R 5 Ha7R 127 A S B0 28 TR 4% i T A%
EBRAPERY R I, ASCEZEHEIHN N

1) MTHAERENAA, 2R NI
TEPI I WEPRAR o W W R A 2 3 I A
R, FROBIRIURAL , BRI IT 05 )
MU PRI AL, KRR RO,

2) FEPEL T, IRy kG
5 EGEAMA L, FEHE BRI, BRIEFE
SUBIRBURAE SN, T B RO

3) BHE f MR B 20T 2 T i 3 AR A
R AN, B BE A 3802 52 i T T 0 A
Vi A SR A AR ) AR R AR b
g, EA

2 & X

(1] 7, B4, BR%E, & KADBREYS
HL R B 2 B ()], P E AL TR R
2013, 33 (34): 9-16, 20.

[2] FEJFS, P4, M, 55 PWM AR
BRI T F LA I I S S U I A BT ()]
B 5 T O A%, 2018, 39 (3).
39-44.

(3] Moo, R, Ak, % 25 E R
W SRR ARG B EREE (1], W
RIS KRR, 2015, 50 (5): 961-969.

(4] XUk, #HEeSE, THR, %, WYOK I
w L], B 54k, 2017, 54 (12).

7-15.
(5] H#MT, BiE, BN, 5% BCRRME
FL AR A R IR o U R R[],

TH A4, 2018, 33 (4). 707-720.

(6] 1R, PAUAE, HIJoh, A% &G BN
BRI s R S % [T]. B MR,
2018, 2 (2): 353-365.

[7] AYACHIT A, KAZIMIERZUK M K. Transfer
functions of a transformer at different values of

coupling coefficient [ J]. IET Transactions on

Circuits, Devices & Systems, 2016, 10 (4):

42 | @ hdl - BEaiRiE - 2021 FEF405FsH

337-348.

(8] BAERAK, BeWEde, yEE, 4% BRI
WAL B PERFSE [J]. S EME JI, 2017, 50
(1):92-96, 157.

(9] Rokim, MEiw, I, % KEDGRE
LU RGIE AL LT (1], ik,
2016, 37 (10): 122-129.

[10] CLAUDIO Y, INABA, etal. High frequency trans-
former-assisted passive soft switching PWM DC-
DC converter with energy recovery for compact
auxiliary power supply in rolling stock transporta-
tion [ C]. IEEE IAS, Salt Lake City, Utah,
USA, 2003.

[11] FELW, B, P2 PRI AL TR
AN RS A (U], T E AL
4k, 2007, 27 (31): 121-126.

[12] UYTTERHOEVEN S. Measuring transformer char-
acteristics and determining equivalent circuit

[R]. Linkebeek: Laborelec, 2008

EE &

BB (1987—), L, Wi
T, EYCTARI, BESE 5 1 S
RE BT & I | A BT S AR

(A% B . 2021-04-08)





