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Title Research on Vector Control Strategy of Hybrid

Excitation Synchronous Motor

Abstract

Hybrid excitation synchronous motor not only has the high efficiency
and high power density of permanent magnet synchronous motor, but also
has the advantages of wide speed range, fast dynamic response, and
strong overload resistance of asynchronous motor. Vector control
technology is a high—performance motor control technology that can
achieve precise motor speed regulation, torque control, and position
control. Therefore, the research and application of vector control
technology for hybrid excitation synchronous motors have important
theoretical and practical significance. In recent years, researchers in
China have made some progress in the field of hybrid excitation
synchronous motors, proposing vector control schemes for hybrid
excitation synchronous motors based on space vector PWM technology and
magnetic field offset based tuning methods. Research institutions in
countries such as Japan and the United States have also conducted
extensive research and proposed new control strategies and debugging
methods. Future research may attempt to integrate multiple control
Strategies to improve the control performance and adaptability of

motors.

Keywords Hybrid excitation synchronous motor  Vector control

Space vector PWM Simulation
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A7 RKHL B MRS Z MR AT LAE B3 B R R 3l

sk, BEE YRR TR RIS RS H R BRI, HESM HHLE A
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R BN, BT TATE F BRI HE s, 5 —J7 ), S5 E TIMKEN
A IR A TR IR 53 BN & Tk e ML A 1 B R ORA, it iz Hhis H 2
RERHIGE . T ELE HESM J7 1 KB BARIT RS A 7873, (HOEHAS T K2R
BED o PR FH D K B AR AT R BOR 5 AR Im B SL R R TR T R o F A
(Consequent Pole Permanent Magnet, CPPM) J Bk 34 TR & ik [5)25 B WL T R ALK
(B, B4R 45 FOMZSURIR AN IR R AR L T HE W S5 . B0 B E 8 BURAE
G0 T AL AR b, TR — R B A L, & BA RIFIRpi Rl
A DA RO R T LR DA, HAE UL B0, mT DUyt BE IS 52 B H
JE, HET, XM L OS2 BT R ESRI R T RIFH
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SOV B I R D BN S AR R AT R 4, W SRt AT 43
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DESM) , ‘BRI 45 & 2 MUiHA SR, RSCHLENE KA bR RE, B seBl “ iR
B IIHE” B H bR o SRAISEEIHOR, KL G R K BE I HESAR K SR 1 —Fh 4 A,
BRI PR KA e Jal B b A 0 PR b ) A KO v 1 R LRI e 77, gy s
DU BRI . K3 ESFEDIRE . XA ERA AT LAY AL St (b REHoR, 1o How]
LA FH 8 i il B R8 <2 T60) P 5 SO A S8 B $thols L i A i 2 SE KK Y LA - HESM A
SHE B 7K T 5] 25 F LA F Jah B [ 25 B AL R PE R [RTI, tB RS U8 A RO e A 22
At

IRE LD LI PEREDL S R i 5 WL e s AT SN n] S AnAese, widmAett
SRR, WEE N, FR, BRI 1 HEALAAER, M AT AL
JRAS . BRIEZ A, A AR AR SN L T, RO E R R kLA, BTl
[RIFEHE S B D R R B A5 2 o IXPP R LA BRI RAE B A AT LU
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Az o
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KT AL K R S AR R ik, EATE R B A AR, B 1.3
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1.3.4 HEHHRERELE S B

X I K K B R SR PR B AR B A S SR, TR U TR S B A R] AP L (Parallel
Hybrid Excitation Synchronous Machine, PHESM) , BJ LASZE &R0 L4, M
P TAERCR . GG e RE S A5 5 ] SHESM fIRES:, 1 ELER T e 412 I i
WG AR FLERR ), DL AR O I 8. BLAh, PHESM 7K A1) 222 07 KAk
HRIWE, TWREHEAE T LR RZEART b, #REEH L &M N HZ =& K.
PHESM [R#R D14 % 5, DAL, H RIVR A B RE R A2 VLRI 78 3 AU 1 IX S AN R
ST Al o
1.4 RBEREESBEHNEREEFIRARFRER
1.4.1 RERMEELENERARER

HESM [ AR A R 5 R AT BL il & m] DAUERf b S B R G I S PRk AL, AT
OB T RGN HIERE, IF H ALK i — B i TSR L BB 2% . HESM AR AL (1) HE Ay
Y52 3 2 Fh A VAR, H oA B e AR RN A o AR 2 B L), AT AT
DA RO 3 A58 5 SRR BT TR (R 22 e, AT ren A 28 oy (12131,

(1) AR ICEE

A PR G B 5 72 U2 R A PRG3R T s LAY, R A PR T 7 iR TS H L
R IES . MAEILIAY b, f57 7 REhHLI B AR, FExt sl Bl JLAT FIAE
BIEREREAT T BT PTUA A BT T 45 B R ra sh U Y SR 1, SEORS A .
SCHR[A21 AR AU HESM (Rig A7 VERE, SR T 36T 1A 418 25 1A IR TC 0 A it A
S HESM HEAT 1B, THEM T THNLE dy g BB 8L Gs T IERE, FFEEAI XY
i HESM RE#HI R, E T HiE1T1H6E.

(2) Btk

W R TR S %L, Laplace PAACIRAS 73 [H])7%18, MATLAB/Simulink
(HESMD 24t T —Fpa iy ik, eI AT LA LI 45 M (5 5., 38 mT AR A
NE MY ERE, DURHAAROCHI R, KA H B 2R i LIS AT IRES o il R H il
SRR, FTLVE I A HESM B Z82301T R, HAh asEmes. Bk, FHEm
WOTFRM T RIE, IXERIAMZHC R, A%E, TR EETRE, N
11 S HERf S B HESM IS R E . A BR T BT 1 iR BE UG, (HE BOHRAE IR
PRI E B, T B FR E IR, Bk, TR TR R R B AE I 3%
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HESM 3R 5y 2 48 2 A 38AR G A AR IR i, XA B Rl R s mE 4, Wi &
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RZ HESM #2 IR, ST, HAT, X —SUgm st SR8 65 B AE S5 M ek 12T, ik
FCA AT B FEUAR NS VE S, BRI, SRAERER HESM #HIE AR BAF I EE . TR
I 1Y) HESM FI RCR,  REZARHE AN [ 2 2L fr) HESM SR A5 3 P 4 s o 5 7k B
AL (Permanent Magnet Synchronous Machine, PMSM) AHLL, HESM R 75 jn—
ARG, AT AN —NBhRE R, AT R s e, A 2 s o g
FEo BRI, AT B AR ZR HESM M HR, FRATAT LS % PMSM I HAR, JF Atk A
JERE, VRNERVTURRASIE 19 HESM #2h3E AR,  LLHHEE 3R 45 5 4 (1 45

(D Hi@ R

B E AR ], RATRE A R R E ARG, AT R RIS SRR
155 10 0P T R A A A SR, IR T DASRAF U A il AR

SCHR 1414 3 B A A E S H00 PMSM R G E ] a8, Wi TR T
Lyapunov R #0ERIAN G 2UH R R8T 84 11 08 3 S 8 R 00 3 1 & s il b, sl T
PMSM g 4%l SCHR[ASIBETT T —Fh F&E B OB 4% il e N TE B R & 3
B E MR R HESM, iZ3% | 3842 = T HESM TES MU e M 5 S 38U R 5)
TEOL N SR, HINEE 7 X HESM A e M R A HIE R

(2) TEBLE

IS R AR A e, FRATRENS S AT AL R SR R AR 2R M R G, R R
ARDTE: E R RGP, JF HREDE Do RS & (1840, AT SR 1
A RGATERE, TS B il 45 R

RS B — s, EH AP RE st — A E PR, o E R
AR . Bk, Sub-T ATF R M —Fof s hIBoR, BIERIRE, & n LA A%
SE AT B AT R KA PMSM BRI S), R t BE % s L TR sh Be A S 16]
M RO e FLA I RCR o 38 51 N BURHICGE T 26 1 BOd B2 F b 4%, FRATTRT LA R0
2% HESM (BN ARHE[17] 5 Reoll e 24 FELRE ] SR 1 R 1) £ id=0 I, XMl 7
AT DA RSt R G id FEAR S, MK KHE 5% HESM 1t T4 e
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MR, MITIE B b R G ROR o X PERAMN AT DLIEE G fd FH B 28 £ e i A,
1M HL AT USRI Ry s AR, Re i 2 &M S8 KA R EK .

VR A PID #2648 A1 PID ¥4[18] , FRATAT LA Rtz PMSM Kk &35 14k R
e, MIMIA BB o @i SEPRMNS, FRATARIN, X Fhfas il B (R 42 i kG B2
BRI T R PID 88 o ASHE SIS BN B SEOR[19] , R —FET AL
TN A, e ] PUA ORI PMSM RS SRS, R E T DU R
P AR BUAC T A I E R AR

(4) Hpipiizd]

S RUE LI AREZME PID =5 H0S, R — MR R s U7 vE B PiiiEd],
BREHE v IR G T ARSI, FF H R SR AL ] B bR, R IR AR K
AN BT AW TR R B3 HIH AR [20] , M H —FHi 24 H) PMSM 54 R4,
P ARG —Fh B B U AR B A, e n] DA SO ] T AN e At R
IR 2R OS2, TR 2 B A 2L PMSM #2541
1.5 AMHRAR

WO R SRR G i B HLI S5 B . R SRR AT TR A 4T,
FExt B A N MRS b B sh AL FOR O DA SR R e T kAT 1 a4 . B4, 1E
WIRAIR A it AL R AR S R A b, X AT FUE 502k, JREIRERA B, BER
A I [R5 55 W37 R i P R ETL ) S5 M RFAE S REAL L, 36 B o LA SR 5 % 1
J7iE. ok, EEXNREIREEL, AT UKL, BEE R, A A
R, B, ASCHWNERS EXHR A i LT S @, JRRHNH TR
Gurp. FEULERAN b, ARSI TR BOAH TS B RO DL K B K B R B R 1R 4T
TRESRYE,
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HESM HLHLR IR & ik s B V) K B R, S5 SRRGE D S LA LE, B
A RBCRATE K ZhA, Jf HAE b se 4l A 2 kit . AERUREEHET,
KA ISR T2, a] DA g e LA St 50 R BOs s o0 . R
L R AT S RE YT, A DRI B RO R . AEBEES > TR, AR E AT iR
HESFPM HLZIHLIEEA Y IE, AL ERECARA, Ere s EmmsE, JFaiaem
HUARR, X B R B ] SR el i P i R 2 KA T E A
2.1 HESFPM EEHlE A EHgHR

R IRR IR MO R R BBl eI 12 8 10 ARIKHEAKSGRAL, TR TR
BB YIEA . E R AR N AT L& 2.1 XA LRI ARG L T
ET W, RSN ANSGA BRI, RIERa R K5k, et
TR IR AL

A2 AR AR

2.1 HESFPM HHLIR N5 R

T RSB TF R B ML, HESFPM HLEIALIEIN 1 N2k Bl . 43 Bt
TN GG, 7T ULR % B ILSE 0 K BT 5 B LEAT b . A5 B il SR
SRR LT, B 2.2 R T Il A e s iR, i 2.2 (a) Pow, il
HIAX 2R Bl 2 AT, K ARG R RGBT € 1A, IR iR sl B8 1t . K A
BRPT A RGBT 2.2 (b) BN BN S e il i kil . 1A
M, G X2 B B o R AR E . SUR IR, DASEELE PMSM AR AR
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K 2.2 Tl AR R R R 3 D) 46 i B

HESFPM HIZNHLER 1 R BA IR 2 s BLAh, IR ik S 4., S 21 R
RHL IR - B 2.3 () R 1 HHLAL T ARBIR b F T AR 1 AN, i RO AR AL T O o
SE B AT P R BR T B, T R IR E LR T B X SRR AT L W b Rt ik
A K L AR AT P RGN PR (A i 5 o A SR, T RAE I 2.3 (b)) R,
EATHIMLIE T P — B, Ak S5 B RO . Wi 2.3 (o) Frow, i B
PRI LR SO HE 5 K RSB AR S ) o e, DLIK RSSRE R H o 385 3 il
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(a) KBEETHE (b) LB ATHE (c) SHmEIBATREA
Kl 2.3 HESFPM HINLIERME . WHE. SSREFAE T ks B
2.2 HESFPM RO R B Fn S S F 2%

F£T HESFPM  HIHLAAR 7 R R A e S AT B 25, AT LB T = ARERS
ks % abe Y, R BRI IR, K5 H BN A AR R of KX FIAHI: ) d-q 8
brg e, DAMOR S b S AR OC A4 ) SR IO BT 7E o O 1 T4k HESFPM FEALAU A
RURISE RS IO HE S, AR SR AR

(1) ZWSREVIRN S R L 1R E
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2.2.1 EREARARTHHFRE

HESFPM FE LA 2 5 A LAt 7 B[R] 20 BAL IR, EVE RO ESCHEAEAR KRR S b gt vy
TRER. el 5N RS R SEIL = A FAX B A A e, TR RN, XA
FEBE A PO AT S KA DA% il L i = 22 8] AR EL i o SR it fat e AR i A 2
bR P BRI HRENS SE 4 hip 2 N2 7 3K . HESFPM AL = AH HUAX Se 2 1) 1
BEEEAE R PR JUASF8 73 AH k:

l//a Laa M ab M ac ia M af l//pma
Yo [=|Mp Ly My || [+ My [i + Vomb (2.1)
!//c M ca M cb Lcc ic M cf l//pmc

o womas Wpmbs Wome 73BN AR A SR K BRERGRE s was won we 20 AN = AH HLAX
GRUIIWERE : Laas Loby Loc AHAXGEAH HIEK: Maby Macy Mbas Mben Meaw Mep 9 HIAX SR
HIAEIK; Mot Moy Mo N MR G 5 IRESRA A UK dav dbs dev i 200N =AHH
X Ge2EL 1R AH AN R A FELA o
il % 20 T ER G R AR IR AN S = A FEAX SRR & MR A R, TR
VSR
Ve =Ll + Mg i + Mg iy + M (2.2)
b £ AR REREEE, Th Mfa. Mfb Al Mfe M FH Sk % B2 i i 43 40 FH FEAX S 20 1)
ETo .
50K e IR0 LA R, HESFPM FMLE AR SR B 120° MIARGI ImA%, I
HA S8R B AR, X e B & 58 1 54 IRE B RG] DA 2 S A
Bl HE BB RRN:
L, = L, + L, c0s20,
Ly = L + L, c052(6, —120°) (2.3)
L, = Ly +L,,c082(6, +120°)
M, =M, =-[M,,+M_,cos2(6, +30)]
M,. =M, =-[M,, + M, cos2(6, —90 )] (2.4)
M, =M, =-[M,+Mcos2(6, +120)]
Hrb Lo A=A G HBCFIIME: Lo NHMXSEAH H IR ORI Mo AKX
GRAH ) HBSFIME ;s Ms2 N HURRGRZH [R) FB RIS IRAE s Oe NHNLEL AL B A
1H.
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HESFPM AL IR il i 24 Pl R 7 Fl 2 Pl B 7= A= 1R 1 3 #8 PT DA S A DRy — AN SIS 1)
BN, DRI R N TP AN 1A B 3 T AR A o R A7 B2 B AT L RK 24 Pl 2 [a] )
HBAE N BN e B A MR e A — e BIsg e, HERIA N
M,; =M cosd,
My =M, cos (6, —120°) (2.5)
M, =M, cos(6, +120°)

Horp Mo ARG SR 205 = AH FRAX SR A 1) ) TR A

HESFPM HATLFR A B A P 2B O R, LR AE ANAR A, 2 TR 22 8 3 1 120° , X —

FetE iR E SKBE D RILAEHME RS, TRLHTFER AN RER:
W oma = W pm COS 0,
Womb = Wpm €08(6, —120°) (2.6)
Womb = Vo €05 (6, +120°)
Forb yom MK G REAE = AH G IRTRAE -
SR v LR S B 9% R AT R IR

u=Ri+3¥ @.7)
dt

Horpu hGedm i iy RONSAIEI: y AGH ™ £ EEE .
R LI BE T RN AT RO -

(2.8)

HURX SR AL s =S i F IR AR, 7072 uas ub A uce fabfESedt Bt e
ANHPHZ L, 302 uf A R. us JlihBESR 4 s L R AT Ry 43 1) Ay B AIX S8 4 H L AN il
Az i
2.2.2 TERRMRRARTHFUERIE

FEFASAPR T,  HESFPM HIZIHLK = HIBCA AR BON R %, H MK Z A E
BORWIMEE, A HAH ARSI EONE . R AR L, K = A BE T it
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B d-q Feah by, 5 fE 7S RS L
FEZAHERSARPR R abe 1, G IS AR HE (K 58 BN = AHER S AR BR & 1m) = A RS
ARTR ZR I, MR AT 1 B PR A TR B AR e B ) FR AR e . IR SO
Hh, JRATTREASE X P AN B 88 07 VR 58 U = AR LE AL R 2 ) = AH i LE AR AR 2R e
e, BARUTE:
cosd, cos(6,-120")  cos(6, +120°)
Cm:% —sing, —sin(6,-120") -sin(6, +120°) (2.9)
1/2 1/2 1/2

W =AW NS AL bR REF B d-q FEFALPR AR, FRATATDUA BLF 7 SOk E Ak
l//d _Wa
Wy | = Casar | W
4 |V

Laa M ab M ac 1 ia M af !//pma
= C3’_ﬂ,/2r M ba Lbb M be ib + C3’5/2r M bf if + C33/2r !//pmb
L M ca M cb Lcc n ic M cf !//pmc

_ L. M, M, ] i M cosé, W o COS 0.
=Coar | Mie Liy My [Coras | Iy |+ Cogye | My COS(Q; _1200) It + Cayrar | Wom COS(He —1200)

q

(M My L | l M, cos(6, +120’) Vo €0S(6, +120°)
L, 0 ofi] 1 1
B Ld Lol 123y 2 3
=0 q 0 !q +§E sl 0 +§'El//pm 0
10 0 0] 0 0
L, 0 olfi,] 1 1
=10 L, O}i, [+Mi |0 |+y,,|0 (2.10)
0 0 0] 0 0

TEXA)TEF, idy ig. 10 AR EL . CLMEFLIER, Ld 1 Lg NZ&FRTE
TR AFR R T, BELMAZLIHEEL; vd. g, b0 NRIRIAEREARAR T, HLZE.
ATLRINF LI 12k C2r/3s W2 45 1E e e AL s 28 1) LE AR R 28 22 TA] )00

Tl R e, I R P A R AT = A AR SR AR 7 A RO, TR 5% 4L 1
HERILAN:

Ve = Ll + Mgl + Mgy + Mg, (2.11)

FrbASAR R, AR dv g fim R, HRIEAN:
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i i cosd —-sing 1/2 [
d € e d

a

Iy | =Cyppse |y |=| COS(6,-120") —sin(6,-120°) 1/2|i (2.12)

q

. bl |cos(g,+120') —sin(g, +120°) 1/2|Lb

B (2.12) N (2.11), bk EE 7 R T4k T8 R
v, = L + Mg i, + Miy + M

fa'a

= Lyi; + M cos g, + M cos (6, —120")i, + M, cos (6, +120')i

fclc

= Li, + M, i, [cos2 0, +cos’ (6, -120") + cos (6, +120°)} (2.13)

-M._i
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