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Fig.5 Flow chart of Thevenin’ s theorem based co-simulation
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Fig.9 Flow chart of multi-loop method based co-simulation

TR P UL SR At FURK, B FE S5, TR I A PR
TURLR B R Y SE4H LR AT R R S, B L, TE RGP
R AT & U O B A AR T A A SRR , AT ASCRF 2
2% [m] B R S8 A1 2 [RGB BB FRIR ST, T AR ke T R G
HA A2 A BROTIRE I 25 5 48 RO S A, %
TEER T =Tk & ARG BCE 0T H, Bl A TR At
HAGHERG T H.

3 BEBEBRAHRAZE=ZATRMRRAHE
REFHRNA

HT U, 2 FH A BT RE i T B2 H
FELTEAR T 6 £ 37 L IR FT DA 00 L8t P AR G 1 T
RS LR A AT HT. AR 2 B BRI £ 0 B U,
SGTCRIRT R RGBT T BT, %
1.2 2 KRS £ & L A SR,

Pl 10 g = G To i A2 7 5 P 2R G S R, AR i i
T BRI IR S8R e FRLE 0 AL e i



Ek 5. LRESHERA U B BOAR R B SCAE AL R id i i

FTVR, AT 4R 3 A ALt PR RS o TR HTLIY Rl ik

R Fh R Rl REALEE G 3 0. 0 T8 R RELA 4

PLEHRA B F R R, RS (WEshd R EHTNR)

T, TR REAUA A (7 el SR A R 37 FROTRE B A T 04
R1 BHEMNSH

Table 1 Key parameters of the auxiliary exciter
ZH M 28 $fE
HLXT% 3 TR 54
FEFEH /rpm 8000 ZJE /mm 19
EFHME /mm 150 SETMNE /mm 109
T4ME /mm 108 TP /mm 68
K2 EXRENSH
Table 2 Key parameters of the main generator
B8 fE 28 $fE
GIRIES 3 T TR 72
FH et % 30 BE 75
EF4ME mm 155 EFNFE /mm 105
HFAME /mm 103.7 BUE T /pm 8000

B 11 Sz #Od e SN Bad A o, R G LA % A IR
F4 M) 7 piy 241 = 5 FELATL B = A PEL M B2 B 28, R SR 2B
ZIFF IR R, BEEUS, TE 0.1 B ZIZE0 75% FHAE it
B ARYEIE e N 2, S R SR BRSO Y. T R Sl AR
5 NN B A Tl T AR LM IR 5 R e S e A A i
R, ARG 4 e ] 55 25 [ Ot s A BR TR A5 21 Sk

Kb ZIX EREZTT

1l [l

ZIX b [ EHE € 0&

[ —

B 10 =RIERBTRKBRLE

Fig.10 Three stage generator system

B 12 45 T RRE LA = A LIRS PR 3 A 2R
FERR TR A, BT R A R R, B AL & BE AR B
B, T = % RALE B IR SE iU , RTER RS 7 A 1A , il i
A FRTCEZRE &, 7T AR FEATLA) PG TR P A TS B PR A

4 4ig
ARICESCN 3 M B B8 S Bk & 0 R AN 2 8]
HRIAT T AT . ZRRE, Z RIS T HBARRA

Fig.11

5
4 — FhREERIR
<3
ES
22
1
0
0 0.05 0.1 0.15
B A /s
(a) FRREHLFRlRA FEL I M0 7 b 2%
200
100
Z
B0
# |
-100 |
2200 : : :
0 002 004 006 008
B [E] /s
(b) EHEENREERHBEERE
200
100
&
RE RN )
B
-100
2200 : :
0.09 0.1 0.11 0.12
At [E)/s
(c) ZEANGERE K i s v R g o7 35 T
B11 ZHTBRBRFANELSER

L

A
T rr—

Simulation results of the three stage generator system

5

Bl

Mo

o
R A R A

(b) & AL BRES 2 7R

@12 BNRSBEINh
Fig.12 Flux density distribution



6 LIRAEE A% S

Nov. 15 2016 Vol. 27 No.11

R BB BE , BEXT FRATL K RGP REHEATRE AU, AT HE
HAAGTMAEL N EUIA RTEEITRAGE, §
T A0 B bR A RTINS L T 2805, B, 7T
AN REATLEA) P IR R S R R A TR BRI, (& T
RS 2 UL RGBT A,

SE

[1] Kang D H, Kim J W, Kisck D O, et al. Dynamic simulation of
the transverse flux machine using linear model and finite element
method[C]// 33rd Annual Conference of the IEEE, Industrial
Electronics Society, 2007 1304-1309.

[2] Bangura J F. Directly coupled electromagnetic field-electric
circuit model for analysis of a vector-controlled wound field
brushless starter generator[J]. IEEE Transactions on Energy
Conversion, 2011, 26 (4): 1033-1040.

[3] Kanerva S. Data transfer methodology between a FEM program
and a system simulator[J]. Electrical Machines and Systems,
2001, 2. 1121-1124.

[4] PadillaJ A, Sumner M, Gerada C, et al. Detection of inter-coil
short circuits in the stator winding of a PM machine by using

saliency tracking schemes[J]. Energy Conversion Congress and

Exposition, 2011 2520-2527.

[5] ZhouP, Lin D, Fu WN, et al. A general co-simulation approach
for coupled field-circuit problems[J]. IEEE Transactions on
Magnetics, 2006, 42 (4): 1051-1054.

[6] Zhu X, Cheng M, Zhao W, et al. A transient co-simulation
approach to performance analysis of hybrid excited doubly
salient machine considering indirect field-circuit coupling[J].
IEEE Transactions on Magnetics, 2007, 43 (6) : 2558-2560.

[71 Lange E, Henrotte F, Hameyer K . An efficient field-circuit
coupling based on a temporary linearization of FE electrical
machine models[J]. IEEE Transactions on Magnetics, 2009, 45
(3):1258-1261.

[8] Liang W, Wang J, Lu T, et al. A new method for multiple
finite-element models in cosimulation with electrical circuit
using machine multiloop modeling scheme[J]. IEEE Transactions

on Industrial Electronics, 2014, 61 (12): 6583-6590.

E&E
FRAK (197 — ) B, HALAF, TRHFTHTE: LK
Brig e KR LR W KR AT R X Ty R AT A,

Tel. 028-65020632 E-mail : wangxc6@sina.com

Electromagnetic Coupling Co-simulation Schemes and Its Application on

Aircraft Electric Power Source

WANG Xiancheng®, HAN Xiaokang
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Abstract: A large number of motors and control systems are involved in aviation power system, with the application
and development of multi-electric and all-electric aircraft technology, the electromagnetic coupling co-simulation
of motor and control system becomes important to aviation power system’ s design, analysis and optimization. In
this paper, the common electromagnetic coupling scheme was compared and analyzed. Moreover, the associated
convergence performance was investigated and discussed based on aircraft electric power source application. It was
revealed that the co-simulation scheme based on multi-loop technique offers reliable and affective simulation result.

Key Words: generation system; aviation power; three stage generator system; electromagnetic coupling; co-
simulation
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