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A new conversion model of transformer from magnetic circuit to electric circuit and
the unification of various methods

ZHANG Bin', WU Guoxing', HUANG Weizhao', ZHANG Ye?, CAO Nan’
(1. Shenzhen Power Supply Bureau Co., Ltd., Shenzhen 518000, China;
2. C-EPRI Electric Power Engineering Co., Ltd., Beijing 102200, China)

Abstract: There are two key points in the modeling calculation method of transformer. One is the representation of
magnetization curve, and the other one is the equivalent conversion model from magnetic circuit to electric circuit. A new
conversion model is proposed to solve the second key point. It equalizes the iron core, iron yoke and magnetic flux leakage to
winding coils which have the primary number of turns. And then the method of disassembly current is used to represent the
relationship of each coil current and the continuity of magnetic flux is used to represent relationship of electromotive force,
which obtain the electric circuit model equivalent to magnetic circuit. The circuit model is the same as that obtained by
duality theory method. And the electric circuit model can obtain the same dynamic self-inductance and mutual inductance
which are obtained by the unified magnetic circuit UMEC method. It verifies the validity of the proposed new method and

proves the oneness of proposed method, duality method and unified magnetic circuit method. Finally, the flow chart of

electromagnetic simulation considering transformer saturation is given.
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Fig. 1 Magnetic flux structure of single phase

double winding transformer

P (PeNis + puNiy + p,Nii, )

2 PR EAA T 2R B B E B B
Fig. 2 Magnetic equivalent circuit of single phase

double winding transformer

1.1 &% 5% UMEC &—Hii&%
FHRGE . BLSRRLAMIRR, 1S

(6] [p.(Ni—6,) ]
¢ | | p.(Noi, —0.,)
@=\¢,|=|p,(0-0,) (1
¢ | | P (0-0.,)
_¢5 1 [P 0-6.5) J

S NS, 0, NS SR
m%ﬁﬁﬁ BN, AT

A'®=0 )
A DA (R ORI,
P ;
o -1 1 0 -l ®
SCRRL SN AT RIS R A
_HZI T I 1 O ] I 01 T
0. |0 1|, -0,
0. =|-1 1 M= -6+6.| 4
024 -1 0 ’ _91
0s] [0 -1 -6, |

- TE

¢ =| N\p,iy —
1 A (pe + PP + P, +2p,)

pwzpyNZia _ LAiA +Mia

= (5)
(pe +p )P +p, +2p,) N, N,



-130 - ® LRGP B R

@=<Mmg—m“%Nﬂ+mNﬂ+%Nﬂ) Py, Nily _Li,  Miy ©6)
(P + P )Py + P, +2p,) (po+p )P +p,+2p) N, N,
HZ(5) 20(6) AT 1 AT XU SR 2 AR He 3% 14— v il b =0, + 4, 10
2 BB RN R 2R el SR B I I Ly« L, PR $=0+¢ (1
ALK M SP R S T 5O Ny [ A R4
Lol pc(pr+py+p,) HL PRI E B T R
A t| Pw pw2 +2pwpy +2p.p; +2pypf -i-pf2 e d¢| . = d¢z . = d¢3
NN 2 1 dt 2Ty ST g (an
M=— 11Va Py Py . . d¢4 o d¢5
Py +2p,p,+2p,pi +2p,p; + Py Ty 5T g
m%m+m+p) FH FE ) AR R I (1) 0% 28 m] 45 3 25 i B S5 A0
L,=N,| p, —— - ; ¥e ~e MKFRN
Dy +2p.p,+2p,pr+2p,p; + Py
e =¢, t+e,
(7) {63 = 62 + eS (12)

1.2 $iAA%: HERIFBEEINSENSEES
RARRMBELRER
1.2.1 FLji Kk R
T R U R ) B 25 AT % b A7 = AN BT 1 [
P, MR R E

M%+Nl—ﬁ+¢2 L3
b P P

AiSE

=N, (i, +i, +i,)

NliA=ﬂ+ﬁ=Nl(il+i4) (8)
P Py

b, b b
P Py Ps
A i ARG 3 R R —
ﬁ%%%ﬁyﬁ¢gqb%m4mﬁ§@%EMﬁ
T P =Dy =DPw>P3 = Py> Py = o P

Tiati, i AR %Aﬁﬁ%ﬁﬁA%mzﬁ

A TR iati, R ia SRR IR ir~is 1%
o JEERPE INREIERT N AT B, 2t
i 8 AR iy~is 22 PR F R Rl s A QB AN 2
TIelEg b e AR B HEAREORT . X RESE
BN T a5 & a s # IR,

ﬂ:Nlilﬂ ¢_2:N1i29 ﬁ:

b P, D3

Niji, = =N, (i, +i, +is)

Ny,

©)
byt

14>

yn Ds
1.2.2 H R KR
TE RGP 4% P v 5N s A R B AR BN
A 2 AN, BRI B LD R I RERE R

H () I FEL L oC R AN (12) I Fa B 34O R ] 453
B RSSO SRR, il 3 B, MTSE
TR % AR 1) Pl SR TR R e

B3 BHENGATERKTHENREKE
Fig. 3 Iron core equivalent circuit for single-phase

double winding transformer
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Fig. 4 Magnetic flux structure of three-phase

three cylinder transformer
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Fig. 7 Programming flow chart of transformer

electromagnetic calculation
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