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Research on the Starting Control Strategy of Brushless Synchronous Motor with DC Excitation
PENG Bo,ZHANG Dinghua, LIU Haoping
(Zhuzhou CRRC Times Electric Co.,Ltd., Zhuzhou 412001, Hunan , China )

Abstract: Aiming at the particularity of the starting process of brushless synchronous motor with DC
excitation, a new high-performance starting control method was proposed. On the basis of analyzing the equivalent
circuit model of synchronous motor asynchronous in starting process, a vector control model of different speed
sections, which including vector control model of asynchronous starting and synchronization running was
established. A smooth switching control strategy with different control models was also proposed to complete the
high performance vector control in the whole starting and running process. The experiment results indicate that the

control strategy is effective and can realize fast and stable starting of brushless synchronous motor with DC
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excitation,and it has great practical value.

Key words: brushless synchronous motor with DC excitation ; asynchronous start; vector control

[vi) 25 L LR 315 D 2 75 =X 20 S A7 Il 401 el 25
T JChi il % 1) A6 B ALy T IO T H
RS2 N i 0 @ Ve o R R S (S
0, SO T R R AR R F AL 48 2 1Y) 15, ROR
P R ALY R AR AT R TR A AR
A 25 FA B O P B 5 % SR I ] sy AT S R i
TS EARETZN . FL AU 3=
AW — e il 5 20 JE 35 55— e
LIl R A AR . mrERERY R 2D LR
i A28 1] B8 B R A A S A [ AP R Bl Uy =
o A R () 2D B ALTE RS Sl B Il e
T 2Ny, T TRl B 3t il i e e 7 ) 20 ML 3
F AN BB & (A AT sl ek P UL, TG 12 S STl G e 3
PR HOBE R H S 20 0 sl 0 =, R sh s i Y
ME AL o TC ) T U Al 1 () 20 F AL A% 8 R JH D i %
2 R LB R TR 35 XL R s R, B P

EETE : 654 T 5 AT AE -] 5 3 (2019GK2161)

I 18] oL U o o R 20, 2 5 R o L SE A IR T
M DR 248 % 500 S8 o SCRIR[1-2]4 H — Bl R HIAZ 3t
Ja 8 75 BB /NS Bl UL, (HER BUR L UF 136
Pt Oy 2 shat BRe ) ANk, B AL i R L
e AR BRI AT RE o STHR[3-4182
A B P ORI R 3053 (BT R TR 2
LMLl AR GEM 1 A0 IR 3N 1 AR B S By
ARSI RESE AL, 7 ik AN T 1 T
il [ 2 B AL

DR il i 25 5 AT R R , DGl 0 Dl s 1) 2
HLPL A BER BT 28 )3 307 5K, 3 A el ] 25 L L
P14 7 o) S A R A T SRS Tk L
ARSI oA ) AP FUATL SR A0 0 Sl AR AR AN B
S 7 I O Dl e ) 2 L ATLAS [ 8 B R 4
I (G20 0 Bl R P il BB R s A K i
P AR ), S AN [A] A B0 O i 44 o SR 1) - T

EERAN 28 (1980—) , Wi+, /2 T2, Email : pengbo@csrzic.com



wAEF 2021F F51K F4H

SV W AN R W LA R AR -2 Eek i

DI, 58 AN R Sh AR 2L a1 7 i AR A P B0 ok 4
Pl o E I SR G A I 24 o SR B L O
AN B R SR R i R ) 9 SE AL
A T LIl R [+ A AL 4 72 530 8] 3 5 L
AT B I A5

1 R AR RER 3 AL A

JC il EL 3l £ 1) 2 Hi WL % Dl s 3R 95 405 4 i
BN 1 r s, H 5 A R R 2D LAY X
BITE T i 2 50, ol EL il il 3R 40 1 2 45§
25 Dl R 2 S T S WA AL R B e B R R
RH (TRE R 03 21 L BHD A543

PR
Wi
iy
B

/
[REZR I . :
JETLRUL ksl K»&ﬁi}ﬁ gﬁfﬂﬁﬁﬁ@m

el
:

P D) AL il [ 2 L ALl 2 D

Fig.1 Diagram of brushless synchronous motor with DC excitation

[ 25 B AL B, Se e 7S dlam i Kl e
BELE 4 , AR5 A2 T Se 4l ARSI AL I . 4K
e SE T TE R W b P e 3 R A R SR FRL IR T A
1 528 AL G, DB ALK o 15 [l A0 s LA
) il 2 B I P BEL e 2 R A i Ll R L
[ 20 e o A ol T2 1) Jal e A LB 2
B A\ LR R, H Tl HUBIL A T S AL
e HURI Rl B AL PILE 3 LI O B DL E LE
TE I B0 31 5 AR Dl B A AL & i R T R
I, e e B A ok AR [l 25 WL S LK D0k 3k
5 il R PR 5 29 PP e T e MR S DAl
PLEE 758 20 9 = AH S0 r K o e e 2
A B AR AT HL I, B A O 2 e 5 U P e B
Je e [ 2D AU 5 SR 4, P R G L . R
I RERLRE TR, 0 RT(0 ah  k F ML BT 7 A
F18) = AF S U P A 30 81, T ke 22 [+ 20 H BIL Al
S A Il LA

2 R EARER Y wAUE S Rk

H1 b3 3 B TR S5 R () A5 s L AT AR 2
J& B AN TR, T B Rl ) 25 AL RE S AP
gl , DI i P RE 1O () 20 FEL AL O s o] B R o
PG EA N T ORI B R A L,
X8 I i) L Ul [ A0 H ML A e P R 8l 4
HEATHISE
4

2.1 ESBRNRSEHHFEESHT
[] 25 A LTE 5% F d—q e A b 2 T (I HLTE
T 5 R ) e
U,=Ri,+p¥, -0V,
U,=Ri, +p¥, +0V,
U =Rji, +p¥, (1)
0=Ryin +pPy
0= aninq + p‘[’nq
V,=Lyi, + L,(i,+ i+ ip,)
v, =Lu,+L,(>i,+i,)
Vo= Loiy + L, (iy + i + iyy) (2)

Vo= Loging + Loy(iy + i + 1)
Wy, = Lygiy, + L, (i, +iy,)
XU, U, UsT 5 5E 588 d g i T i g
GRAAHLIE 5001, 00s gy b, 2T R E F L840 d, ¢ il
L VAL, Tl RG FELIR , BHJE S84 d, g BB IR s R, R, R,
Ry, 43 500 5 T v BEL G b L BELJR 25401 o e
HLBH 3 Ly Ly s Ly s Ly 53 590 0 58 T BE2E U I il s
& eG4 d, q Wi L, L, 53 508 d, g il HL
WX S0 HLJE; W, P, W, W, W, 0 0 R E R A
d,q SREEE bR RGeS BRI SE4d d , g BHRERSE ;0 R
(R He 5 p A B 31

F (] 25 F B P FE RN B 5 B i) 45 d—q AR PR &R
Y EERCH B AN 2 IR

oY,
O

(b) gl 350 i
K2 [l B2 H 14
Fig.2 Equivalent circuit diagram of synchronous motor
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Fig.3 Approximate equivalent circuit diagram of synchronous

motor starting asynchronously
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Fig.4 Starting control block diagram of brushless synchronous motor with DC excitation
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Fig.5 Practicality picture of brushless synchronous

motor with DC excitation
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Fig.6  Waveforms of brushless synchronous motor

with DC excitation when starting
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