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Fig.1 Test equipment for magnetic characteristic

of electrical silicon steel
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Fig.2 Schematic diagram of procedure

2.2 SEEEMK

SIEB6 R FH B R I i SR A I i A R AE A [
JFE K L Am G S5 AT B RE R, R R A AR 2R
HHRA RO JF S PR SO RGPk B T
R &R A, R T RN AE R R 1 ) 4y
A AR SRk Z B B A 8 AR, B SE4
FRESE Ay NN )R S Gt i B 2R -, H
£k BBl 24 51 9 SR AE 1h Al S RE 4 SRR R AR S 248
b FRS AT REH SRS, B3 R B 5
R E R,

mELE  BR BH HEZE  XR BZE

I
[ I ||

3 o e T 1

Fig.3  Section view of single sheet tester
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Fig.4 B-H curves of sheet steel under different temperature and DC magnetic bias
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Fig.5 Loss curves of sheet steel under different temperature and DC bias
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Fig.6  Magnetic permitivity curves of sheet steel under different temperature and DC bias
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Fig.7 Schematic diagram of single-phase converter

transformer structure
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Fig.9 Magnetic flux distribution of converter transformer

under different DC bias conditions, at 40°C
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Excitation current waveforms of converter transformer

under different DC bias and temperature

M 11 ] LA H 380728 A e 0 i T
DU — UK SR 2 L IR0 T~ 14 W A2 o s, i 67~ 98¢

HL I R AZ 9o 58 1 EL 5 TR TARAA L, 72
TImBE T, — UM 58 24 HL I A SR I (g e K Tk
R A RN S [ R e o Py PN I E S E R (Ll
2 P L 4 T R U oA 7 e A U A T T
TARAERE A MR A TN X, 2 B0 L UR 1 B AE F
WARTI, I HL B P RSO, il i L U BT Wy 7 ™
H, iR Mg A R UBOE T TR A i 2R A AT
F I R RT T D TS Dol s PR B ) R A o T T
A BB DHE ALANX, 1 14l 2t A AR 2 DXl T
SRR R B I R DA G PR R 1 RN A
ISR AR BT A B O TAE A & b 5 B/ i
(RN DIAR DG

PRI I AR AN )3T 19 B-H i £ mT A e
TCE VL mEE AT T | B L E 0 Th g Rk A F AR A dfe
ARG AL , B I AR IR B[R 1 i 2% 2 B,
TE R L (120°C) I PIr 7 22 (0 1 37 56 BE R 38 o, 3k s
ST ECT R (120°C ) 45 07 A2 1 i 19 il il HL 3 K
TR (40°C ) I A LI

12 JIr 7 09 AN [7) EL 30 i e B il P 45 A% T
o Dl B P AL TR A O

WA (%)

WHBRE

WA (%)

M7\ ZN\ R AN A
o 1 2 3 4 5 6 7 8 9 10 11
BB
(b) RIFEEE, Bt
P12 AR B D S Gl Dl e
HL U 23 A 155 0
Fig.12 Excitation current harmonic distribution under

different DC bias and temperatures

MIE 12 vl LUA Y BB B i B 1) 1 B, 3



40 BT OBE B B R

5539 & 4 )

P43 R A, R R B T R, R M A
F 31. 89% I K F] 95. 5% , I IHH VR 18 Ik e BE (3=
B 2 YOI ) BB O R BRPREEE  B
TR A T iR Dl F VS D o et A TS, AR
YRS AR X 38 I A, (LA ST o LBl /)N
AT 25 8 A3 YO I 7 2 fe K3 IR 5 21 23. 6%,
(HAFVE T A S 10 WA 11 UASIA B/ | e
(120°C ) i3 5 A5 2 38 i 5] 38. 87% , ] U, , 2L 375 1
il R 05 P85 S5 X J80e 37 A s 4 il e P A VS DB 93 A 3 e

B
5 u@ o

4 BRTEFERSRETES KB
s i

SR S AN [+ i B K T O 4 P T 5 2 s
A BRIT AT BT B A M X B A s AT T
O3AT TR P A 8 U A T 4 O 7 e R 5
SAG UL e AR TR AT AS BRI O 8 2% F T R I
B, PR, 76 TC B IR 4T X AR e e T 125 2K
RIS, 3R 2 7R 9 R T 40°C R HEL AR Fr e
A BRITOT A g 45 R0 e, IR T LU
SRR ZZ/NT 10% i e TR KR B0k 7 A SCHg
7 R IERA T

x2 ARTGESRBERTLL
Tab.2 Test results comparison of finite dement simulation

RERE/ A WHEB /T FLOHFE/ kW

A BRIT P 0.721 1. 7439 155.6
RIE 0.705 1.7629 166
RZ/ (%) 2.22 1.08 6. 68
5 #ig

ASCI A5 3] T T 7 30ZH120 7EAS A i
& K ELRAm B S5 A T B RE R IR g kT AR
B H el ' RGW 5 0 B-H ik ARG T — 608
5 KB e e BV H FH A 750k VAR R A
AU AR 200 B-H #1h R, 05 BI04 T B e
e P8 %ok LR 3 0 il s FRL A 1 5 i 9 S G iR AT
TXFE A LIRSS

(1) E iR B B T 40 R B-H 2 i 52 i) 3 %2
FEARM AN X, B e F O A 38 I, Bl A 8%, T TR
JEXT L T8N R B-H 26 A 52 R 7 10 X 4 R A
Bl 2 T ) T R RS

(2)7E 2A HfImE BT TOUT , B A8 R 24k
DK BGEFE S IEW TAE T KT 6.71%,

JAl R P, U T D R R P 31, 899% 4 K F] 95. 5% ,
K T3 2 fi5,

(3) He i 28 FE A8 78 120°C T 5 40°C T % 4
Fb ko o R 10 308 %% R 14 0 0. 16% , il B PR 0 18 I8
BT AR R IR 25 38, 87% , WEE I K T 26. 7% , 1. ifi I
RGP X 960 37 A8 s 4 i 17 B Rl i L I RE ML

(4) B 17 2 1 B TRl g H T S 1 e A
INEE, TR ™ UG B, HAT O
P g TN, B TR A T Db R D
Sy TN, BRI A UG A i, 0
10 YR 11 YR 7w RAI

SZ K (References) :

[ 1] BRI (Xie Qingfeng). 3T 3 B HE A 1 #7545 J 28
L s P 3R P U S ARAE B 05 FL 3 AT ( Simulation
of magnetizing current and loss of the DC bias of converter
transformer based on coupled electromagnetic circuit meth-
od) [J]. WIEHZS (High Voltage Apparatus), 2016,
52 (4): 200-204.

[ 2] BHR (Ma Weimin) . 463728 He 45 H B U 0 12 HL VAL 119
1148 (DC biasing current in converter transformer) [J].
B HLJE £ R (High Voltage Engineering), 2004, 30
(11) . 48-49.

[ 3] Albertson V D, Bozoki B, Feero W E, et al. Geomagnetic
disturbance effects on power systems [J]. IEEE Transac-
tions on Power Delivery, 1993, 8 (3): 1206-1216.

[ 4 ] Picher P, Bolduc L, Dutil A, et al. Study of the accepta-
ble DC current limit in core-form power transformers [J].
IEEE Transactions on Power Delivery, 1997, 12 (1)
257-265.

[ 5] Emanuel A E, Pileggi D J, Levitsky F J. Direct current

generation in single-phase residential systems DC effects

and permissible levels [ J]. IEEE Transactions on Power

Apparatus and Systems, 1984, 103 (8) . 2051-2057.

ZEpAAR, A, S % (Li Hongzhi, Cui Xiang,

Lu Tiebing, et al.). 28 & 2% B0 i 74 1) B S — G AR

# (Electric circuit and magnetic circuit combined model

of DC biased power transformer) [J]. " [EHHL T FE2%

#2 (Proceedings of the CSEE), 2009, 29 (27): 119-

125.

[ 7] %5, KT, k%, % (Dang Ke, Zhang Xiaoyu,
Zhang Feng, et al.). A8 & 2% H Ui fw #4 19 0 20 0F 5%
(Simulative study on power transformer with DC magnetic
biasing) [J]. HM B AR (Power System Technology) ,
2009, 33 (20) . 189-192.

(8] AU (Li Jingyu). H05 K 28 A0 R SR TR 5

—
N
[



SEHOPR  WRPEAR , EIRAR . IR R T R 8 PR 28k D EVERE R ) S AR [, i T AERTHOR , 2020,39(4) :34-42. 41

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(Research on DC bias of converter transformer) [J]. 78
JE#S (Transformer) , 2005, 42 (9) . 25-28.

Krings A, Mousavi S A, Wallmark O, et al. Temperature
influence of NiFe steel laminations on the characteristics
of small slotless permanent magnet machines [J]. IEEE
Transactions on Magnetics, 2013, 49 (7) : 4064-4067.
Yamasawa K, Murakami K. Thermomagnetic characteris-
tics of cores composed of temperature-sensitive magnetic
materials [ J]. IEEE Transactions on Magnetics, 1976,
12 (6): 801-803.

Pasnak M, Lundsten R. Effects of ultrahigh temperature
on magnetic properties of core materials [ J]. Transactions
of the American Institute of Electrical Engineers, Part I
Communication and Electronics, 1960, 78 (6): 1033-
1039.

LR ZE, BEN, BT (Kong Qingyi, Cheng
Zhiguang, Li Yuening) . HJa] i 59y 7EAS R BRI EE T
RYMESSTE  ( Magnetic properties of oriented silicon steel
sheet under different ambient temperatures) [J]. = HLE
R (High Voltage Engineering), 2014, 40 (9).
2743-2749.

A, MEiEE, XIAKRTF, % (Guo Mansheng, Mei
Guihua, Liu Dongsheng, et al.). B i fi %4 1F T 65
AR A0 B-H 2k K AEXT BRI G R (B-H curve
based on core and asymmetric magnetizing current in DC
biased transformers) [J]. B, T3 AR 24 ( Transactions
of China Electrotechnical Society), 2009, 24 (5). 46-
51, 59.

BGENI, fEES, XAE S, % (Zhao Zhigang, Cheng
Zhiguang, Liu Fugui, et al.). & T i 38 #MZ 09 S 0
BB I i i A4 B FE R PR AL (Modeling of the DC-
biased stray-field loss of magnetic steel plate based on
compensator of leakage flux) [J]. H T # R 22
(Transactions of China Electrotechnical Society), 2015,
30 (8): 38-44.

BEW, XA 5, SKBER, 5% (Zhao Zhigang, Liu
Fugui, Zhang Xiaochen, et al.). —Fh#fi 3¢ LI 1R &
VR HREAE) 11 A BRI FE 9 A 20715 ( Confident deter-
mination of stray-field loss in electromagnetic components
under AC-DC hybrid excitation) [J]. B T8 R2E4R
(Transactions of China Electrotechnical Society), 2017,
32 (2): 95-101.

EF (Wang Sheng). HVDC Hhy B 78 X A8 e #5152 1) K2
HANH 456 (Influence of HVDC ground electrode cur-
rent on grounding transformer and its restraining measure )
[D]. R P RlE K% (Wuhan: Huazhong Uni-
versity of Science and Technology) , 2010.

22 (Peng Hui). AR A5 I R 3 N FA AR TR T i RE TR

[18]

[22]

[24]

(Computation of leakage magnetic field and tank eddy
current loss of transformer) [D]. b 5. W B K%
(Beijing: Tsinghua University) , 2013.

B ASHE , s, Bk, 2 (Xiao Benwang, Wang Yu-
hong, Ou Lin, et al.). B 0 R 30 0 15 it 0F 5% 27 i
(1]
i LAY (High Voltage Apparatus) , 2015, 51 (10):
209-216.

XEN, BB, DB, % (Liu Lianguang, Yan
Xudong, Ma Chenglian, et al.). i A8 He %5 4 41 Fl 52
it FEL O 235 ) 3o L O i % B 5% M A 5 ( Research of

converter transformer marshalling and receiving-end grid

(Reviews of the restraining measures of DC bias)

structure’ s effect on converter transformer DC bias) [J].
LM H AR (Power System Technology) , 2016, 40 (1) :
322-327.

ZEERE, )1 (Li Xiaoping, Wen Xishan). =41 fi
FEAR IR 5% 3 7 11 S WF 58 (DC bias computation
[J]. P E
LT R 22 ( Proceedings of the CSEE), 2010, 30
(1), 127-131.

e, BT, 2JH, % (Ma Yulong, Xiao Xiangn-
ing, Jiang Xu, et al.). FH-FHHI KT A I 728 R 4% B
i ) e b L BHA AR B . ( Optimized grounding resist-
ance configuration against DC magnetic bias of large ca-
[J]. M #H AR (Power Sys-
tem Technology) , 2006, 30 (3): 62-65.

Bk, TL%#%, fHIEM, %8 (Duan Lian, Jiang Anfeng,
Fu Zhengcai, el al.). Z i RGNS FTXHP P
e R FRL b O AR G B9 52 I (Tmpact of multiple
HVDC system monopolar operation on DC magnetic bia-
sing in West Shanghai UHVAC substation) [J]. ™
A (Power System Technology), 2014, 38 (1) 132-
137.

sRHamN, 2R, FPEVE, 4 (Zhang Yanli, Li Qiang,
Wang Yangyang, et al.). ¥ UE 03 T BE4K A 4 3000 4

FHr (Analysis on magnetostrictive properties of sil-

study on three-phase five limbs transformer)

pacity power transformer)

icon steel sheet under harmonic magnetic field) [J]. H
TH AR (Transactions of China Electrotechnical So-
ciety) , 2015, 30 (14). 545-550.

LR, BE R, B, 5% (Zhang Kanjun, Qi Xuan-
wei, Hu Wei, et al.). YD BIiAr =ML CT 1Y
IS BRI AR S XF 5 (Impact of the CT satura-
tion of the delta winding on the HVDC protection and its
[J]. BAORGHED 58S (Power
System Protection and Control ), 2016, 44 (20). 99-
105.

BNE BEELH, KBEK, % (Zhao Xiaojun, Li
Huiqi, Zhang Xiaoxin, et al.). JEFHA = A4 RER1Y

countermeasure )



42 ML T BE B B R 5539 % 4

B ARG SE IS S5 ImBEREE 34T (DC-biasing experiment (Advanced Technology of Electrical Engineering and En-
and analysis of DC-biasing characteristics based on single- ergy), 2014, 33 (6). 69-74.
phase three-limb transformer) [ J]. H T.HL A8 HT 5 AR

Research of effect of temperature and DC bias on magnetic performance and
magnetic field of iron core of converter transformer

DANG Yan-yang', CHEN De-zhi*, BAI Bao-dong®, ZHANG Xin-yi’
(1. TBEA Shenyang Transformer Group CO., LTD., Shenyang 110144, China;
2.School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China;
3. Chang’ an Branch of Xi’ an Power Supply Company, Xi’an 710000, China)

Abstract: The magnetic properties of 30ZH120 electrical silicon sheet under different DC bias and temperature
conditions were measured, and the B-H curve considering the bias flux is obtained by iterative calculation. Then,
the magnetic field distribution and excitation current characteristics of one product grade 750kV converter transform-
er( Hami-Zhengzhou UHV DC Transmission and Transformation Project) under different DC bias and temperature
conditions are simulated. The results show that, DC bias and working temperature affect the linear and nonlinear re-
gions of the electrical steel sheet and converter transformers. The magnetic flux density and no-load current of con-
verter transformer will increse with increase of temperature and DC bias. Therefore, the effect of temperature and
DC bias should be considered in the transformer design.

Key words: DC bias; temperature; converter transformer; magnetic field distribution; excitation current





