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Abstract: In order to solve the problems of the traditional three-vector model predictive control strategy, such as large
calculation amount of vector selection, complicated calculation of operation time of each vector and large common mode
voltage, a multi-vector model predictive current control strategy is proposed. Firstly, to solve the problem of large
common-mode voltage, it is proposed to replace traditional zero vector with effective voltage vector synthesis, and use
voltage vector selection table and voltage vector position angle to quickly select vectors and reduce the calculation
amount of vector selection. Secondly, voltage error duty cycle is adopted to simplify the calculation of the operation
time of each vector. Finally, its effectiveness is verified by simulation and physical platform. It is proved that the
control algorithm can improve the steady-state performance of the system and restrain the influence of large common
mode voltage on the motor.

Keywords: permanent magnet synchronous motor; model predictive control; common mode voltage; multivector

DA Ak AL i ek R
5 HY FU 4252 ] (model predictive control, MPC) K H: Hi,
LA RO G | B A R A R e AR H LA R A B

51

il

JK #E T6) & B, Ml ( permanent magnet synchronous

motor, PMSM) X HEZ5 44 fiff 5| Ty 5 45 JBE R L2804 il ol S 11k
A AR TE A R L PL A LA 2 R A A
BEITIZ R L Ak R AR o PMISM 42 i #5 2L
A B EOR L H PMSM UK 3l R4 E — 278 & GRIEE
MR A AR LN R G 5) 52 B AP ERHIL 3 N #8 S Bk 22 45 A
8 5 DR BRI S I AT SR T A 8 1) 4 P 42 o SR s 2 = Bl
SR TR AN B BOR . A I I AT Sk ] 1A A1 2 25 4 A5 T ) 47
)RR A A A A A | O A 2 N T R ALK Bl R 4

W H 9 :2024-12-04

T BRI . A R ) A R TN g 4 R MPC
(i — i R 4 0 RIOR A R R AR R B A —
AP ] 9T A SR P — A O O Ok 9K 0 L AL o P BT AR
BIBITH AR MR BGE " . hik, SCEk[8 42 th T
TE 1> J 391 AP A H T Ok A5 2% 07 B2l o g il HL
AR AL AT 702 3 D 5 — R R e A L SRS X
NG IS & T I A R B TR
A A Af A 114 PR AL D B TR AR AR T i A ] A

* Beg T H . E R A AR 4 (52206071 (KT A AR 3 4 (CSTC2020JCYI-MSXMX0185) 1 H #% 3

e (5 o



948 & 2 F o

T # K

o TP ) R, SCRR L1 ] H [ TT O 431 48 B e A 24
T F AR SR 15 % W R R B S AR it T H
JE % B P B EAT e £, AT R R0 T3t Bt . Wi Sy
Ti#—LRESGRGERREMER, CER[12]482 10 T =& 7 #1
M B R # f (three-vector model predictive current
control, TV-MPCC) . H:AE 5.4 12 il J& 39 P9 0 1 P> sk v
R R R — A2 v, % o 0T R 4 A T8 S 0 it 19 B0, S
BRLI3 4R I XUARAL I = R & R R =4 G 19 Jr U 2 K
BLOPRTHB ARG, #— P Rem RERS TR, A
P BB AR TS 2 0 Tm) R, SR (14 78 0 5 foe £ 2K i B
I VL TG 22 A 47 ) AT PR o e T S L BRI
5 B BB E AT R SO0 3R AS  nd SCRR [ 15 ] 1) A AR 92 L 7 T8
eI U G 5 2 e U 22 1 SCE 32 il H O K
PRI, A6 T RO e 25 B I 5, 7 o AR AR/ T AR
ARG B h), HLWT R B e R, ek [ 16 ]
S3cuk(17]W s T R e R 2 B i W B e T FF
K, (18 E g Rt R R E#— LR Em T REW
FRASTERR AH PR R B R R R A AE 2 S B
B4 K Y AR B, (common-mode voltage, CMV) , 1 5%
H, P 7 T 2 46 A A DL R 100 75 i o () I 27 A i T30
AT Pk — [, SCHRCT9 ] B3 R BRI AR R i, TE A
JEL 331 PR A P A A R Ok AR T R AL B D A R K
FAY EEL L S8 5 A MG SCHR [ 20 J 4 s — e 25 T3 25 (] Wl R Ok 1
VT 1) X 5 250 0 0 4 o) ke -y AR v, T 5 v, 3 o o 2 )
Y56 FR L H R AR DR 1 B R T A Al b AT A s ek, AR
LT X A S ] HBR Bl T E R
i I R X 5 FLATY A A L IAE JO 5 5 22 114 [P

AT i RALGE TV-MPCC £ 75 i HLAR L J [ BRI 3
KRy ), 4R T 2 O B AR R T A O R R Cmulti-
vector modelling predictive current control, MV-MPCC) ik
W& SE AT A B A ke e 25 AR AR [R) 4 e ) >
BTG, LU A e S AR H s ) BB, R i T 2 2% |y
T % 5 1 RH A Ok T 4 T HG T A g DX O T A RUR
i, AR o R 22 it B O R A R N S = I,
B JE B B SR T AT,

1 k#EESENHFRE

A3 LR 2 Ak i [R) A5 H AL (SPMISMD) SRy BiF 5% % 42
BB BB NLET FEARES T 8 HH dq B4R TR
SFRERN (D Frs .

G L RiytwLiy+uy

dr = L 14 w .l Uy

di, 1 , ,

v L( Ri,—w i, “u,—w.dp) D

1
W, = T(L S5poudii,— T —bow,)

T.=1.5p.¢i,

¢« 66 o

:T:tq:‘:id\iq\ud\uq ﬁ%’]?@%d\q %Z’E?Eﬂfﬁ*ﬂﬁi?ﬁﬁ,
P AL E T RS .0, IR R BT S
B o, TN E w0, T AL, O KT
PRBEHE R i THML L MR L, =L, =1).

2 fER=XKERBTN

&5 TV-MPCC £ — MM BN R 3 MR &
e Fhe P HRL R 2R 19 32 4% ) D - 000 ) s 3 s A AR A1 R S
N R R R, FLVRORE B 2k B fE % o A0 Y Al R s AE
SRR AR i, F AR A 3 B LA e/ N SR B AR N TR DN, B
T HE SN LA T — AL AR A R B B SR A — 4 L TR
KEHE.

AP OR DI e k B 20 F e AR Y
d.q MR AELER .

s, i _ —Ri,(b) tw.Li,
do T d[ V. =V, - I,
J 2
{Q . % | - —Ri (k) —w.Li,— w.¢;
a0 T dt Vi=Vor L

[ B 45 5 3K (2) FIARAE k I 2 AE Z R AR A d g b
RIS AR

- dis — U ds

Se = E ‘V\ivl.Z.H.l.D.ﬁ = Su _._f
di (3

Lo Uy,

qu - E |V.~7V\,2..§.|43.6 = Sqo JFT

B (2) AT LAAR KR 3 4> 2% = A I I 1 e, dat 78
b3 R85 6 d g Bl U T 22 40 B0 T LUAS L AE k41
B2 o LR A g Bl A

iy = i0(k) +Suti +Swut, +Su(T.—t,—1ty)

{i; =i, (k) + Syt +Spts +So(T,—1t, —1t,)
Kb Fhr“1” RRRMBERE, 2"RRRMBELRE,
“O” FORFH R KA, HWK o T, 2R N AE AT 18] A s
JAW . AR @~ W,

1
I :E{[z’j — i, (RS, —S) + iy —i (R)(Sy—

4

S(IZ)+T>-(Sqosd2_sdt)sqz>]} (5)
1
t, = E{Ez’j — i (B)I(Sy—S»)+ iy —i RSy —

Sw) +T.(SyuSw—SuS1) (6)
to="T.,—t,—t, (7
KB (O DFRRN:

D =S,Su+SuSu+SeSa—SuSe—SeSe—SeSa
€)]
e BT DB L A5 R A A R B G

A BRI H R/ 1 — S i s T Ok i, A R R

NS
g =G, =i+ + G, —i (k417 9

3 sx=EEmN
TV-MPCC SR T R B ERGRSHRZEN



bURS S f’ . AR l’]

VA S kAR TR &R IE R

6 1

7] R, AR AT AE A o % B ik R 3 2 2 R R0 3 5
K5 45 % B A A )R 4 R oK 5 S LR P e 1Y [
LA g 3R [ BUA SC T T MV-MPCC 5m
3.1 HEHE
R K SRR T PMSM B 3K 30 2 48 = #H 5 HL - g

JE VR 3 A8 2% (2L-VSD 17 7€ T A0 5 Hh 2 8] ) i e, G 38 5 4
PMSM 7 2kt o5 55 396 A8 % B3 B 4 v o0 22 8] B F A
BT, B2 Sk A i o R R s AR AR

Ui =

#l 1 2L-VSL K3 RG L5

Fig.1 2L-VSL drive system structure

7(001)

~01)
Bl 2 HL R s A

Fig. 2 Voltage vector control set

AT =T P H - i, P TR0
=LA FiR .

U{
Vew =

AR s 7 A B A e T R 1k 5K

Ul
—(S.+S, +5)f7 (10)

ﬁ*ﬂmﬁﬁmﬁ%%ﬁs“&s_ﬁ3ﬁi%%%%%
Ao WX QO A LIAF A A TP RS T A SL B &, a0
F 1R, NEFAUB LV, MV, BIAE KA A3
B R K .

R1 HERBERKND

Table 1 The magnitude of common mode voltage

FL TR R A EA LN
V(\ \V7 i[Jdc/z
I SNZNTNINENE +U,./6

3.2 EXRENERE
fE£55 TV-MPCC W2 % i 1A 18R P64 AT 5% o< 12 A
— BRI AN AH T R 2 P A A R ) AR R

N TR R T R 1) AR H P TR L AR SR T 2
P RS JIT T oy DX 08 18 A 7 T ) 4 1 S ) v T O o ] 4
FHAR TR 1) DU AR 2 R B i A T . AN 225 K i T

— B DX B8RV, AV A RO B4 TR [R] 9 s 1) 2L e

AU F R B VE T ,JZIKQHIEI 3PN,
v, %
\

K3 FREMGIK

Fig. 3 Composition of zero vector

At J DX B S 10 TR A () B DX X O B % 2 R TR

St LRI 2 B
*k2 BEXERER
Table 2 Voltage vector selection table
J X CIR S s EAE Sy TR A

S1 V4 V6 V2&.V5

S2 V6 V2 V3&.V4

S3 V2 V3 V1&.V6

S4 V3 Vi V2&.V5

S5 V1 V5 V3&.vi

S6 V5 V4 V1&.V6
3.3 3EHEXEMNITE

R4t TV-MPCC 75 244 it A 19 W R 2R i 21 5 43 Bl kAT

THEE L TR A e R/ — LA S i %O AR
R ST AR SO BN 2 R R
F4 AR 11 R LA W B IX

B SEH XD BEAT — B 1E 100 BRHE 2 BLAL L 45t H 3 00
ﬁ*Ij‘]:

T
Jid(k + 1 =i,(k) +f(u(1(k) —Ri (k) +E (k)
\‘ - TS .
{zq(k +1 =i,(k) +f(uq(/€) —Ri (k) +E (k)
(1D
E (k) = Ri,(k) +w.Li, (k)
{ (12)
E (k) = —w . Li (k) —w. ¢
FESEBRIE A, o F T 5 O R A A S Tk G 1 B[R] AE
R[], T BOY TG 2010 225 B 9T S BE AR 4T 1% 50 24 T
TEBRAE B  h T BEARE SR 2 S iy s ) B Stk — 25 0 .

o« 67 o



948 & 2 F o

T # K

T
itk +2) =1,k +1D +f(u“(k +1 —

Ri,(k +1) +E(k+1))
(13)

T,
ik+2)=1i,(k+D +T(url(k +1 —

Ri,(k+1)+E,(k+1)
K B+2) 0 (k+2) N k2 BFZ] d g BTN E,
(k+D.E,(k+1DH r+1 0% d.q Wi E3hH.

BT REMPUMB EBR K, SR A E AL, X T
AH B SR A B[] P 19 AL B 25 8 7T LA ARLIA Ry 2 A A 1 L R Ot
YT k+1 B2 B s T LA E, (b +1)=E, (k).
E,(k+D=E, k), ML ETL2ZMMI, 2 i, (k+2)=
igig (k2)=1, K YHATHUN S % % .
ii —i k1)

uyCek +1) = T

L+Ri,(k+1 —

w (B)Li (b +1)
ie —i,(k+1)
T,
w (B Ligk+1) +w (k)¢
K w, D w1 Fom k2 W20 d g ST
W22k,
HE— AL W AR o — B AR R
{uf(kﬁLl)} _ {cos@ *sin@} {uﬁ(k+l)} a5
uh(k +1) sind  cosl ubCk +1)
A w, G+ "+ ERR a—p BFRR T HTNS
HHE,
HWHRMSEEES o« i M.
ﬁw+n)
ulk+1/°
Krf0" MBS EAE M. AR E S
F 2 HEEBHHERR,
3.4 HZFWITE
SE4 MV-MPCC 3 W 5 X IR 3540 81 00 25 5 7000 & %
B AR SOR BT REIRZE M &2 ik By ik, madit
SEASTR] 2% S AR R 0 1000 Fi R 5 2 2 vl R 22 i A 22 (34
BAKREM G, RS K AR F R Sk 2 T
WO AN RERMIERT d..q SR EIRER .
uy, =V, —utk+1) |
wy = | Vy—ub(k+1) |
K.V, V. AYATEEREEHT ¢ fiAEMJ fhis
FEsusyuig HERTHESSHBERRZE; Hdi={1,2,
JAVMNBERE — B A MBEREMAHT & RE L&
4 HEL R
HRF RIMTEOLR , & < mAE i ol R iR 22800
Z R ADKRE N .
oty towsg Tt (usy +uy) =0
tiug +totsg +to(usg+uy) =0

a4

Wk +1) = L +Ri,(k+1)+

0" = arctan( (16)

an

(18

¢« (68 o

APz, FoRHE— B OMBREM G E L.
RREARNA M ¢+, +r, =1, A LIS H K&
L

- UpgU2q — Uzqloq
=
g Qg — uzg) oy Qg — w,) + woaCung — uyy)
Urglloqg — Uoalyg

\tz - g Qg — o) T g Qury — ) T+ woaCugy — ury)
ty=1—1t,—1,
am

K.z, R HTH BE 5 0PI B % & 19 38 7] 4F
BFa], B2 VR A R Y AH R, LSS AR R =W
fEH
3.5 XEERIRF

48 TV-MPCC Y 3 4~ i & it 2 5o o 40t
Y RN SR T AR T SCHURE , SRUE R R S/ Rk A8 1 DG 4
— R R OORAS  HAE — AR R N 3 ki
FTABAL ., T MV-MPCC fE— M EBINA 4 48k
AL [FIAE T BRAR TR SC I AE o H AT 4 B Ak 3, A H A
DA R d BT LR A R B Bl 7 2, LA — s X
1145 < i A FR BT an (8] 4 it s, 7T LUE B sl 7E K
AR T — A OREIRAS BN TR S R AR T 3 A
TF G [ B I i3 B OC T A 1% 2L .

(lOl)i(lOO)(llO) (010)  1(110) (IOO)E(IOI

< | | >
< T >
'

7,

B 42— B3 X K AR bR

Fig. 4 Sequence of vector action in the first sector

4 BHERIYSIBSHN

4.1 HEXBRSHH

5 UE BT B 5 SR vE A AL M, R A Simulink $5 2
SPMSM {ji E#i %, %f TV-MPPC 5 MV-MPCC #17 1 1§
HXF L, HAf MV-MPCC % 4 Bl 4n ¥ 5 7 , SPMSM
BARSHME 3 PR, ARGL B ERN 240 V. 5 BT K
0.5 s, K B BB AL, % 3 1 000 r/min, SR A 4 H
10 kHz  BEE N 1. 1 kW, B M L HEHE N 3N« m,

B 67 5394 T AE TV-MPCC Fl MV-MPCC #Y
PR A AR IOE B . e R R shik I . mT L
NP ERELE 0. 07 s 2247 B3k HARHE ¥ W 2 RE 1%
TSR ARG EE 0.2 s BB AR 206 00, 7T LL& P Al i



X A R Y B S kA TR b R A

U,
S,
1} )
tZ ’0 ’l \
SR KR
G+ Dy (1), e +1)
i (k+1
Bl 5% fuflr D u-
i Ti=o0
I o) [remmmel otk)
o)

K5 MV-MPCC &GHE K
Fig. 5 MV-MPCC system block diagram

R3 k#HRETENSH
Table 3 Parameters of permanent magnet synchronous motor

RS EAgIEl

HL B T # 4
ETH/Q 0. 95
22, H L g/ mH 8.5
AR/ (kg m") 0.003
PHJE Z A/ (N« m « serad ') 0.008
i BE/ (Wh) 0.182

HIHBBETE 0. 05 s LAWK 2 B ARFE i , BA RIF 130 SRR
AR s B LR A 2 R R I 1Y e sl =) B BOR T BT DL
MV-MPCC W% 3 2 Z17E 0. 04 r/min, i TV-MPCC (%48
BB 0.4 r/min, £ LAl LIS H 4538, MV-MPCC #l TV-
MPCC #B8EA B 471 8h &P fg {0 MV-MPCC RS BE &

1200
1000 o
E 800k 10004
£ 10002
5 600 1 000.0
i 9998
400 9996
200 SODIT0 RNk 8°
0 1 1 1 1 I
0.1 0.2 0.3 0.4 0.5
B [8)/s
K6 TV-MPCC Hi ML {5 F &
Fig. 6 TV-MPCC motor speed simulation diagram

] 8.9 4r BILA T PR G F 14 dg e 3 i 05 B,
WL 2% J5 BB K BT LA BIFE TV-MPCC #5580 o Bl i ik
BN 0.6 AZEAd RSN 0.2 A £ 47, T AE MV-
MPCC ##l T H g BB WM 3 0. 25 A 247, d B i
W EN 0.1 A 4. & B Al 4%, % MV-MPCC 1) £
il H L SO SN B A R RS PR RE

1200
1000+ \——
8007 100004
100002
600 1.000.0
99998
400 99996
99994 5 -
200 02 022024026 R SN
0 1 1 1 I I
0.1 0.2 0.3 0.4 0.5
i /s
7 MC-MPCC Hi L 3 {5 B &
Fig. 7 Simulation diagram of MC-MPCC motor speed
$10—
=
S o
0 Ofl 0..2 0f3 0f4 OJ.S
<s
£
2
0 0.1 02 03 0.4 0.5
I
(a) d~ qHFR IR HE AR
(a) Overall current diagram of d~ ¢ axis
1.0
0.8
0.6
-02
04 . . L
0.10 0.11 012 0.13 0.14 0.10 011 0.12 0.13 0.14
I} 18] /s B[] /s
(b) ¢l Eﬂﬁﬁﬁmkﬁ (c) IR R B TBOK B

(b) Local amplification (c) Local amplification
of g-axis curren of d-axis current

Kl 8 TV-MPCC HLHL d .q Hli 8 515 2 &

Fig. 8 dq shaft current simulation diagram of TV-MPCC motor

10

REHEN Y

|||-|

(P

0.1 0.2 0.3 0.4 0.5

0
<5
kS
EJJ_
g" . . . , .
0 0.1 0.2 03 0.4 0.5
I} J8]/s
(a) dv g TEAE
(a) Overall current diagram of d» ¢ axis
02
09
08
0
0.7
0.6
0.10 0.11 0.12 0.13 0.14 0.15 0.10 0.11 0.12 0.13 0.14 0.15
B /s B[R]/
(OFE LN V515 ONE (O LV =k, ON]
(b) Local amplification (c) Local amplification
of g-axis curren of d-axis current
B9 MV-MPCC HLHL d g %l e 3 £ 211
Fig. 9 dq shaft current simulation diagram of MV-MPCC motor

¢« (69 o



5 48 & v F ol

T # K

[ 10,11 43300 45t 7 TE P A T B AH B OB U &
&, MRS A EIRT LB S8 A 6 280 728 Ak s G A F O 19 28 Ak it
W FE T LUAR L 3 A M 8 R 45 SR )5 B Matlab 19
FET 2t %k A AR H 3 3E 17 38 i 4 7 15 2] TV-MPCC 11
THD {5} 18. 76 %, i MV-MPCC #§ THD { A 10%,
Al L5 #E MV-MPCC %"’ﬁ?JTﬁﬁ'* PEREAS B T HE .

THD:18.76%

< 10 <5
§ I; o § 3
g 5 4 WMHWMMNMM@MM 5;,3

_|0 -5

-15

201 02 03 04 05 016 0.18 020 022 024 026

it B/ e 8]/
(a) ZAHHEBFEAE (b) AFHERIR R 36

(a) Overall three-phase current diagam  (b) Partial A-phase current diagram

Bl 10 TV-MPCC HL HLAH H 3 07 £ 18]
Fig. 10 Phase current simulation diagram of TV-MPCC motor

THD:10%
5
0
-5

20T 0T 03 0T 05 | 076 08 02 02 034 02
BT E)/s B H) /s
(a) ZHE B E (b) AMHRIR R HR A
(a) Overall three-phase current diagam  (b) Partial A-phase current diagram

K 11 MV-MPCC H HLAH H 75 &

Phase current simulation diagram of MV-MPCC motor

< 10f ) <
=S| WY o S
g O m;

210 <

Fig. 11

[ 12,13 4300 46 T PR 45 i SR Mg 45 H LA L R )
DFEE ., WE T L L, TV-MPCC # i i 3 H A8 L
FAELUL/2 (500, B £120 V5100 % Jl MV-MPCC #
i O A R0 R R A T AL e R R T DL R AR
AR E RN £ UL/6 BTGB, B £ 40 V., 55 & BS540 1T
i

150

150 100

> 50

100 0

=50

50 -100

> -150
2 A\
RE QO@ 0@5 o o b"Q,O'Q

t/s

0.16 0.18 0.2

-50

-100

-150 * *
0.1 0.12 0.14

t/s

12 TV-MPCC H AL s R {5 B

Fig. 12 TV-MPCC motor common-mode voltage simulation diagram

B 5 43 M Xk o T oo o] SRS s A OF R AR 5 R
BRI RN E T S 0.5 s N A M B
B FF R R BRI B T MR, X F L4 =Kk & MPCC, H

o« 70

& 13 MV-MPCC s AL L4 e i 45 2 &

MV-MPCC motor common-mode voltage simulation diagram

Fig. 13

FE0.5s N A M EBFE M T SR B 4 429, 1 DL 550
g 8.86 kHz, £ & MPCC 7E 0. 5 s N A A8 - BE ny I+
KRECH 4 983, BT LAFLFF G2 Ny 9. 97 kHz, G N T
B UF BT 4 8 e e /N T i LAY T AT 4 AL Matlab H9
tic 5 toc PRZICIN HE R A0 42 i B 00 A% O B 43 1 ST B D

B ILOE IR AT 10 000 KL ¥ H. RA B/ =R &
MPCC AT A K 6. 118 ps, il 222 & MPCC 4 $h 47 i

[A] 24 4. 019 ps.
4.2 ZIYXWEHH

Ry B AIE AR SC T B A o SR s T AT L B AR ] 14 BT R
PMSM M #E RS LK F &. % TFERHME K DMKE-

60BM-01330C5-C iy PMSM, % %€ # ¥ 1 000 r/min, & E
N 0.4 kW, REES R 10 kHz, BEZ L JE 30 V, fL B
0.289 Q, L & 1.025 mH, # %% 0.18 Wb, ¥ 3t &
e FE IR STM32F407 35 . 1t
SR 2 %ﬂul’é‘l 15~18 fi7R .,

0.000 057 kg * m’,
A3 5 R Bl 2 A L S

14 SRR

Fig. 14 Physical experiment platform

[R5 B B — 2, 25 3000 ol A I e A R i i i v
AR BN — A 8 MR H S A PR RE R SRR S A L R
(SRR

WER P 15,16 15 5C 1T L H P R4 i SR AR RE W R
G AW R AL R Sh AN S #Re Ik E e e L 5
TV-MPCC # d %l v 3 76 45 200 5 2080 8 J5 1 B sh 28 R
1A LA q Wi R E+0.5 A 4, 1 MV-MPCC 1y
AR ER E R MR 0.7 A 224, ¢ B i 3 U 3h
0.4 AZEf, % E.7E MV-MPCC F &S mta s



X @k FLREEE T B S kAR TR &R R

5 6 0]

ig=08~18(A)

< i,=02~12(A)
1+ ig=%0.5(A)

fif 18] /s
B 15 f£4: TV-MPCC KA T d.q W ¥

Fig. 15 d .q axis current under conventional TV-MPCC load mutation

3r
<
ig 2
B
1
Z i,=0.9~1.6(A)
I i,=03~1(A)
Ir -
< i,=+0.4(A)
ES
PL
&
(SR L L N I )
0 2 4 6 8 10
I 7)/s
K16 MV-MPCC i@ RZET d.q MK
Fig. 16 d .q axis current under MV-MPCC load mutation
15
> 12 (I (U | I
£ 0
8° 5 , ‘
-10 ‘ ‘ | }
15 |

1/(10 ms/#%)

B 17 {54 TV-MPCC 45 £ 5 A M7

Fig. 17 TV-MPCC common mode voltage and A-phase current

(10 ms/#%)

K18 MV-MPCC A5 ES A HHHUI
Fig. 18 MV-MPCC common mode voltage and A-phase current

BBhFE N,

17,18 4y &7 T WA i S0 T 4% A i 3L A
KNS A MR EIEE., NE R LUE L% TV-
MPCC B3R A7 7E £ Un/2 W 30, 11 MV-MPCC R

12E U, /6 T I 2, I S D T 158 TV-MPCC
FEAE S5 ) 1 [ O 5 o 50 0 A o
S T R B T R IR 1 7

5 &% it

F i i MV-PMCC. il id B 1 & ik i B e % R

it [ B SR T R PR 2R 2 A6 8 R DR R R R 4 ORI L R R

2 28 W Aot R e ) Gl i 5% 5 TV-MPCC

HEATH7 BXT LA 0T, AT LAAR S50 i R M iR W T &R

GEAR ST RE Y W] B S0 TR IR B R . 5 T

YO UE HSE BRIz P AT AT, 36 F stm32 S 5 @ T Sc ) s

I JE AT H AR PR 5 I R AT T X LE L A

W — B .

S % 3k

(1] A8, KRG, REH. %, 5T R0 KK L

P L = R OBL AR o TR T R e R I LT, A DR A
i, 2020, 35(10): 2130-2140.
YU F, ZHU CH G, WU X X, et al. Prediction of flux
control of permanent magnet synchronous motor based
on vector partition three-electric dual-vector model[]].
Transactions of China Electrotechnical Society, 2020,
35(10): 2130-2140.

(2]  Emesk, xIEZ, B XFHENEESHANE
WKL TR 2L [T]. i TR
24k, 2021, 36(20): 4308-4317.
WANG X L, LIU S H, GU C.
method for

Full compensation
of high
permanent magnet motor based on adaptive reference
phase-locked loop [ J J. China
Electrotechnical Society, 2021, 36(20): 4308-4317.
[3]  TEE&, o, IhA Y. KEL IR 2L s AL & R Bk 2%
BT RS E08, 2016(16): 5-6
WANG ] SH, XU R, SUN Y Z. Review on the

development status of permanent magnet synchronous

rotor position error speed

Transactions of

motor[ J]. Science and Technology Innovation, 2016(16) ;
5-6.

(4] S, #ifgde, B RE. IR G 9K sh HIJk ik R 25 i sh

PLA R ERIRLT . ML, 2009,42(5) : 51-54.
CHAI F. GONG H L., CHENG SH K. Review on the
development of permanent magnet synchronous motor
for hybrid electric drive [ ] J. 2009,
42(5): 51-54.

[5] LI X L, XUE Z W, ZHANG L X, et al. A low
complexity three-vector-based model predictive torque
control for SPMSM[ J ] IEEE Transactions on Power
Electronics,2021,36(11):13002-13012.

[6] TOSO F,CARLET P G,FAVATO A.et al. On-line
continuous control set MPC for PMSM drives current
loops at high sampling rate using qpOASES[C]. 2019
IEEE Energy Conversion Congress and Exposition,2019.

[7] NGUYEN A T, RAFAQ M S, CHOI H H, et al. A

model reference adaptive control based speed controller

Micromotors.,

071‘



5548 % L I A S
for a surface-mounted permanent magnet synchronous [15] Bk, 4 A 15 A7 WA K. oKk 1 TR 26 v AL i 76 A5 74 3 )
motor drive [ J ]. TEEE Transactions on industrial BRI ], AL S 6 2247 . 2024, 28(5) 1 91-100.
clcctr‘omcs, 2018, 65(12): 9399-9409. - ‘ YAN ZH B, YANG G D, YANG M F. Novel model
(8]  Wk&kZE, dsksr, £55, . BASEIHRIIREM K .
R . ; predictive current control for permanent magnet
B 1R) 25 AL WL AR o A 76 ) ri 9 s 1 LT ). P R L T ) i
F22 47,2023, 43(23) :9319-9330 synchronous motors[J]. Journal of Electrical Machines
YAO X L. HUANG CH Q. WANG J F., et al. Dual and Control, 2024, 28(5): 91-100.
vector model predictive current control of permanent [16]  FRoe, &F 917 BYLAR. RE IR B 7 0 bl = %
magnet synchronous motor with parameter identification [i] 22 F O A3 24 455 78 T e 4% o) SR W () ], v B e AL T
[J]. Chinese Society of Electrical Engineering,2023,43(23) : FE2HR,2024,44(9) . 3710-3722.
9319-9330. CHEN R, SHU H P, ZHAI K M. Low-complexity
A, mk, BRELER. . PSR K RE T 2 x . . .
Lo} {S - 2 %'_‘]Iﬂ( A BILAT . . TP ﬁij(ﬁ?f“ﬁ]ﬁ%fﬂ. x fixed switching frequency three-vector model predictive
TR BRI 45 0 L) ). B R A AR, 2022, 26
(2), 32-42 current control strategy for permanent magnet
FENG ZH Y. GAO L. YIN K X. et al. Zero vector synchronous motors[J]. Chinese Society of Electrical
injection model predictive control for open winding Engineering,2024,44(9) : 3710-3722.
permanent magnet synchronous motor [ J]. Electric [17] XUk, 2 U6, B, &5 XU KUATL Bl ik 780 = 2% i A 7R
Machines and Control,2022, 26(2) . 32-42. To e I LT ], B IR, 2024,47(15) : 13-22.
C10] P sKORRR, AR, 7kl IR 20 v ALK A B LIU SH X, HUANG S Y. TANG B, et al. Improved
S H 925 do s .
g‘g;g‘;"‘ Bl [1]. 8 TR S i, 2017, 32200, three-vector model predictive current control for doubly
-230.
fed wind turbines . Electronic Meas
XU Y P. ZHANG B CH, ZHOU Q. Dual vector ed wind turbines [JJ. Electronic Measurement
model predictive current control for permanent magnet Technology, 2024, 47(15): 13-22. )
synchronous motor [ ] ]. Transactions of China (187 AW I, XIS . T o it J Ot 19 = O A8 200 o
Electrotechnical Society, 2017, 32(20) :222-230. HL I SR L. T B R, 2024,47(12) :91-99.
(117 BRI, YL, &7 8 . 7k BE 7] 45 B LR & [ %8 FF 2% ZHAO X B, LIU H B. Prediction of current control
A 238 A5 R 50 4 A BE S LD . B TR R SR 2023, strategy by three-vector model based on extended
38(14).:3812-3823. voltage vector [ ] 1. Electronic ~ Measurement
CHEN R, ZHAI K M, SHU H P. Research on dual
. Lo L. Technology, 2019,47(12):91-99.
vector fixed switching frequency model predictive
3 3 [19] KWAK S, MUN S. Model predictive control methods
control for permanent magnet synchronous motor[ J].
Transactions of China Electrotechnical Society, 2023, to reduce common-mode voltage for three-phase
38(14).3812-3823. voltage source inverters [ J]. IEEE transactions on
[12] fRHaT, ThEe, sk O8R4, KR [A) 20 B bl = % e s 10 power electronics, 2014, 30(9): 5019-5035.
T A A LT ] W TR S R 2018, 33 (5D [20] LIX,XIE M,JI M,et al. Restraint of common-mode
980-988. voltage for PMSM-Inverter systems with current ripple
XU Y P, WANG ] B, ZHANG B CH, l. Three-

v _J . cta ree constraint based on voltage-vector MPC [ ] ]. IEEE
vector model predictive current control for permanent ) o ]
magnet synchronous motors[ ] ], Journal of Electrical Journal of Emerging and Selected Topics in Industrial
Engineering Technology, 2018, 33(5): 980-988. Electronics,2023,4(2) :688-697.

(131 #RHF, THS R 5. RREF S R s Ltk =& EERE Y
SRR TN L 4 6 L], [l LT R A 4R 2018, R GH 5 1 %) 80E B0, 3 BE0F 507 16 g el LK
38(6):1857-1864. ) 3 B A
XU' Y E, WANG ] B, ZHOU Q. 'et. al.  Dual- E-mail: 1154651690@qq. com
optimization three-vector model predictive current . . - — . . . e
RME A R B WA A W, AR S T 1) O R
control for permanent magnet synchronous molors[J]. R
Proceedings of the Chinese Society of Electrical EA .
Engineering, 2018, 38(6): 1857-1864. E-mail: xupeng5477@126. com
(141 JHS . W3R 1 4 55 ARG IR] 20 B L = 2% 2 O Ak 10 DU 0, EEEHES I R AERIEOR

RUGE LT ] Ay 4R, 2022.56(6) :49-52.

ZHOU L. SHANG ZH B, XIE L. et al. Three-vector
optimization predictive current control for permanent
magnet synchronous motors [ J]. Power Electronics

Technology, 2022, 56(6): 49-52.

72 -

E-mail:42118227@qq. com

RER L, EBETFTT W R EER .

E-mail: xirui. yu(@ continental— corporation. com

BEH WL, BRI IR

E-mail : weiwei. cai(@ continental. com



