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Abstract: [ Objective] In the deadbeat control of surface-
mounted permanent magnet synchronous motor ( SPMSM) ,
the contradiction between the number of candidate voltage
vectors and the computational burden limits performance
optimization. This paper aims to propose a solution that
balances control accuracy and real-time performance.
[Methods] Taking SPMSM as an example, the following
methods were proposed; (1) The n-th order subdivision
method of the inscribed circle of the voltage vector hexagon
was used to generate 6n°+1 candidate voltage vectors; (2)
Simplified determination method 1 was employed, fixing the
traversal count to 4 times; (3) Simplified determination
method 2 was introduced, directly mapping the ideal voltage

[ Results ]

experimental results showed that the 8th order subdivision

vector without traversal. Simulation and
method (385 candidate vectors) reduced torque ripple by
12.87% and flux linkage ripple by 30. 67% ; simplified
determination method 1 and simplified determination method 2
reduced computational time by 42. 86% and 87. 94% ,
respectively. [ Conclusion] The proposed method achieves
arbitrary expansion of candidate vectors and significant
reduction of computational load, providing a reference for
optimizing the performance and real-time capability of

deadbeat control.
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Fig.1 Stator flux vector variation
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Tab.1 Candidate voltage vectors a-3 components

vV, Ve Vg
Vo 0 0
v, 20,./3 0
Va V3U,./3 Uy/3
Vs -3U,./3 Uy/3
v, -2U,./3 0
Vs -/3U,./3 ~Uy/3
Vs V3U,./3 -U,/3

FLTF MPC 1) SPMSM 5% FEL5E JC 22 045
K 2 s,

2 SPMSM ik EHEH R L
Fig.2 Flux and torque deadbeat control system
for SPMSM

$£F Matlab/Simulink ¥ 15, £ 37. SPMSM #
HERFE R TC 22 A0 i 07 SRR 2Ry B A
B CRFEEIN 20 kHz, ELREHEHLE N 312V,
3 IR U 51 B9 ( Proportional-Integral , P1) ¥ ifill #%
K, =5 K =100, ZHHHEYUEH 60 v/min, 1 s I
B ERZE-60 r/min; ARG A 15 Nom,0.5 s
BrERZE-15 Nem, 1.5 s BrRZE 15 N-m, {ij FLEHS
Kl 2 s, 5B SPMSM S 8lnk 2 s, 5 &
5N 3~5 FR,

B SR R ik Bl 9 7 AR 12 2% ( Root Mean
Squared Error, RMSE) {15 (8) ~ (9) Fi/~ .

(8)

b s =

KN AR
x2 {HEM SPMSM $#
Tab.2 Parameters of SPMSM used in simulation

N

(9)

SRR ZHUE
BEREH n/ (remin!) 750
BUEHEE T,/ (N-m) 18
BEINE P /KW 1.41
FEFHIBH R, /Q 0.2
S FRERE ¥/ Wh 0.175
d s L,/ H 0.008 5
q & L /H 0.008 5
WxHEL p 4
BB J/ (kgom?) 0.089
R e R4 B/ (N-m+s) 0.005

B3 BEEEY

Fig.3 Waveform of motor speed

B4 EEYBEEEERE

Fig.4 Waveform of motor electromagnetic torque
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B 5 EFHEERE
Fig. 5 The amplitude of stator flux
KT A TR R B SPMSM R 5 Fl
FEICZEAPETIPEREANER 3 7
x3 RRATAHEXRBEXEN SPMSM
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Tab.3 Performances of SPMSM deadbeat control

with seven basic voltage vectors

SHAR T, guse/ (N-m) ¥, ruse/ Wh
ZHME 1.121 4 0.007 5

2 —MEMATREREREY RHE

MPC i 1 e /b £ 1L TR 2% o 5 BEAE L T
PSR SURES TSIV G SN s
M2 MPC L3 Y fre DI F s O A O BHARL R T
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RSO — ol it 9 08 g T Ok B A AR S T
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B AL ARSI N 0 DR,
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=, W 6 TN,
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Fig. 6 2" order subdivision
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F4 AEEHETERABERESEEBE
FEMEBRTEREH L
Tab.4 Distance between optimal voltage vector and
ideal voltage vector, and deadbeat control

performance under different control sets

P Nvﬁ i Te_RMSE/ ‘/A,RMSE JWh
¥IE/ vV (N-m)

T1ER 77.65 1.121 4 0.007 5

R
1 B 7 44.85 1.423 8 0.009 5
2 By 25 25.34 1.134 1 0.007 0
36 55 17.84 1.034 8 0.006 1
4 By 97 14.01 1.004 6 0.005 8
5B 151 11.36 1.000 3 0.005 6
6 b 217 9.65 0.982 9 0.005 3
7 B 295 8.22 0.983 3 0.005 4
8 B 385 7.26 0.977 1 0.005 2
9 ffr 487 6.45 0.985 2 0.005 2
10 B 601 5.76 0.983 5 0.005 0
12 865 4.80 0.980 1 0.005 1
15 1351 3.83 0.992 5 0.005 0
20 B 2 401 2.86 0.988 3 0.004 7
30 By 5 401 1.92 0.981 7 0.004 8
60 21 601 0.96 0.990 6 0.004 4
SVM +o0 0 1.009 7 0.004 8

o
0= 0611(5) (10)

s ceil ) B BUEIE R
SR THAA K BRAT T R 7 A 2
551 R X AR P EE R o, (1) R
a =mod(a” ,60) (11)
n Brai o T, 5 BRSO A i R Y
Fr L IR AN (12) ((13) FR

60° X
@ = x ceil(u) (12)
n 60°
60° nXa
= x fl 13
a, " oor( 50° ) (13)

A : floor A 1] T HUEEH,
[FIHE n B di sy, 5 FRAR B T 40 o g e 22
T A& e H R R IR E A= (14) L (15) Fis .
p, =1 x Ceil(n Y, ) (14)

n r

r nXVj
p2=><ﬂ00r( : ) (15)

n r

Arfr=1/30,/3 HHERRERSNDE AR,
PRI, BHAE A T 5% 5 T 7 B BG4 A B0y
BT B FE PR R R, I (16) Fn
V.e {p Lo,p, Loy,p, Lo ,p, Lol (16)
BT n B oy JCzE s, S R
e A T ik — AR AN 7 Fros, W& 7 ]
1, MPC A 388 Dy 4 A8 1 L T 2%t BRIV AT ff 5 A
LR ER S, 5B n TR,

H7 ZEHEHRABEREEURESRE—REE
Fig.7 Flowchart of simplified determination method 1

for optimal voltage vector in deadbeat control
8 B sr T, R T Asf o Ty s — T 2541145
il 5 FLE A R PERE NP 8~ 10 ISR 5 TR

B8 RAELBERE—HBEIEEER
Fig.8 Waveform of motor speed using simplified

determination method 1
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B9 RAEUBERE-WEEEELR
Fig.9 Waveform of electromagnetic torque using

simplified determination method 1

E 10 RXRABKHELE—HNETFHEEE
Fig. 10 Stator flux amplitude using simplified

determination method 1

Hi1ZR 5 AT, AL A J7 ik — S I 8 B 2
73 385 DB TR B P I PERE 5E 2 — 2, B
3 RO 385 Ui/ 2 4 Uk, 98/ 98.96%

®5 RABUMEAE—LEMERMERE
Tab.5 Performance of deadbeat control using simplified

determination method 1

SEAR T, ruse/ (N-m) ¥, ruse/ Wh
ZHH 0.977 1 0.005 2

4 FMBERERUBETES
AT 7 1 — P B K3 B 25 4
YR (U3 T ST R SRR . IR, A SCHR th—
R0 AR PR BRI A6 2 ECHE 15 HH B 0
USTiy
LA BN S PO DT n 90200 43 315 1
6n”+ 1 A4 K L K I DI 534 6n”+ 1 1B

W AR 1 D EEBERE, L
TR SHIENYIR 2 By 4850~ B, 4435 i, R 2%
i 5 H TR RS R A 11 BT

B SUBEREZREE
Fig. 11 Simplified determination method 2 schematic
K11 v, 2 v TR ARt X A r/4 BT
B 1-1; ]2 X R 242 172 B 12 S £ L
KAk, o AAE -15°,15°] B[ 315°,345° AU B 3R,
B 2-1 % 212 SRAMIX R AR /4 19 12 45
Ver RO A, o0 A3 76 A [F) A 5 A9 B 36, B 3-1 &=
3-12, PR R AL TR BN, H R
HZ A e R B O 8 AR
X n B Ao, S R i BAR R AT
R AL R R AN o IR V), B
R R BER /N T /20 B DU 10 28 f e 2R
i, I T AR R O i A R R A R A
HH 0P I A R L S, i (17) PIrss

360° 360° 360°
+ X 360°
6 X 2n) / 6n } 6n ’ }
p= ﬂ()()r|:(V:< + L) /T:| X L
2n) | n n
(17)

Ko IR BER R R A p IR )RR
WRAEL,

BT n B 43 JC 25404 1 0% e 0 e He Ok o
e ik AR E A E 12 s,

T, AR ik S e el T
VR R RIFATE RSN, FE ik —h
— PP BT , A A BRAR R K T T A e A v
R i B R S5l ARZ T WA — 8 B W 2%

DAL RIS N DIIR 2 Brdi o R ], ik

a= mod{ﬂoor{ (a *
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E12 EZEHEINRAEEXEERUBES ZZRER
Fig. 12 Flowchart of simplified determination method 2
for optimal voltage vector in deadbeat control
BRI A W5 AR A 4 A Ak i <
WA A, A, FLA, WK 13 R, B, B,-B, HA-

A, W EF-5M4 5 Bs =B, S A=A, RBP4

B 13 EUBERE_RETEE
Fig. 13 Simplified determination method 2

deviation schematic

FH L 13 AT, SR AR s e S i R
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DAY RFR RS A B0, PR, A TR B 2 X s rh
As—Ag—B,—B, XIRSEPRIE S A, BT, RISLAT A,
o A AR R R o AL TR AR ff o 7 i 0% A VESR
B HER R, [F3, A -A,-B, - By X 52 PRIE
A B AR R % KOO R R R O A, i
At ik A, R R R s i, I, Y
Ve A A T LA WA X A o 7
L AR R R AN R B AR R i
A R R S R IR L R S 4

BEA e PRI R S, P FeL 2% 1 BE %
FEIRIX R, BIE 12 Wi A -A,-B,-B, X1, i 2
RS, s AMIE F % e e R A R X I, BVET 13 Y
A;=Ag=Bg—=Bs I THECY S, o & CRTAH & 7

U5 TR TR DR & EE m, A (18) TR

Sa+Sb
m, = X 100% (18)

XF TR AN HIE N YR n B4y, P
XEHAR S, i (19) Fizw

60 ( r ) 2 wr
SI = —17| — =
360n \2n 24n’
60 [(2m-1)r|> 60 [(2m-3)r]?
S, = ‘n' - T =
! 360n 2n 360n 2n
_ 2
UGG VL
3n’
60 , 60 [(Zn - 1)r} ?
S, = e - 0y =
360n 360n 2n
w(4n - 1) 1
24n’

(19)
AP em=1,2--n NHIREALE, m=1 KN
PR, m=n Jgf M A
Xt T RN IIE NI n G40, A
SMINHL e O R PR RS IR XS, LS, 20 i X
(20) .(21) P .

Sal = 0
300 T — 3)22
5. = [tan( ) B} “}(’"”m 2.3
n 6n 4n
(20)
o \2.2
s, = tan(30 ) Gl N Vi
n 6n 4n?
(21)
m=1,2---n -1
Sbn = O
R, i AL 5 i iR 22K ¢, =l (22)
i
30°
[tan() - ’n} X 6n
n 6n
m=
™
n/n =
30°
[tan() —Tr:| x [ (2m - 1)2 +(2m - 3)2] X 3n
n 6n
4(m - 1) ’
m= 23-n-1
(300) T (2n - 3)* x 6n
T’n = tan T X—
n 6n 'Tr(4n - 1)

(22)
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A (22) RIAL, 200 B 50 n 0K, R IX R
7 FER/IN; 2 m<n BF, m B, B RR 2T S
TR A7 HOB R 2 m=n—1 B, A5 15 X35
K,

8 B e oy T, ] A B A2 O vk A A [R] B B A
R DI L AnER 6 s

xo6 BUMEFE-EARBIIFREBAGEE

Tab. 6 Proportion of error regions in different

sectors for simplified determination method 2

m n./%
1 0.14
2 0.18
3 0.30
4 0.44
5 0.58
6 0.72
7 0.86
8 0.78

H12¢ 6 A1, 8 Brdi e T, fay L s T vk — 4
BRI PR KAH 0.86% , 7 iR/, 177 4G
R, IR )ik 5 8 Mragy 385 45 ik
HL e R I TR 4 2R — B0 99.70% , R I
TR (0 B DG P R O A AT ]

[F] A, BV 7 A 2 DX 36 ) P T 2R Bl
UHEHL A, W Pl PERES WAl /N, Y P i
FEA— B L Rt I, R S R AR B R R
S EAR A TR R R B IR 2R g, A (23)
B

Ll _Lz

x 100%

m. = (23)

o L, R sE4sia iy 385 N A5k L R A 1S 2 Y
ISR BT 5 L, A R F RGBT vk A8 201
AR

801, MW EEE A SR R R R, P
FIiR2Z R g Sl Ko 3.13%, FHRERR
0.97% , S/,

gi I, TR vk R 25N K e 22
FAE I BE 4 B A/

FHIFNT L&A, SR FH A6 o 7 vk =i 8
ZEdnPE T R R I ERR & 14~ 16 AR 7
FR .

14 RABUBEFEZHEVEELR
Fig. 14 Waveform of motor speed using simplified

determination method 2

15 RAEUSBERE ZHBEEERFE
Fig. 15 Waveform of electromagnetic torque using

simplified determination method 2

16 RAEWLHER X ZHNE FRIERE
Fig. 16 Stator flux amplitude using simplified

determination method 2
H1 & 7 RISk AR 5 J7 ¥ 1Y T 224
VR S8R Dy 8 Ml /3453 1Y 385 a5 ik
F R O 4 ) P e AR — 3, SR W i AL T
B R TeZE A I RE S AR
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F7 RAGBUMEFEZHNTEMEHI1EEE
Tab.7 Performance of deadbeat control using

simplified determination method 2

SHAR T<-7RMSE/( N-m) wLRMSE/Wb
ZHME 0.981 2 0.005 2

5 SCHMAEISIE

K STM32H74311T6 B - 1L, X 1 8 gk 1
TSR . MPC 3 7 7 AR R K &2 8 B
4043 385 AL R B TR AL 7 vk — (TR AL E
ik — % SVM A= il FRAR L R 2k i, B0 A5
Bl 17 R SER IS IR A S 800 T - FEAR L
SeHEIRAE A 170,126 1V, 8 1E AL bR 2 F A BE R
342.256 3°,

B 17 SERtEIGHIE
Fig. 17 Real-time performance verification
X FL AR BRI AT 10 TR, AN R B
AT BRI 8 i,
*8 AEEEBFEBITHIK

Tab.8 Execution time of different algorithms

il FEJTFAERT/ms
M7 7 ASHEAR T O 476.16
i 1y 385 ANHL R R 25 618.35
fET A S 7 i — 272.09
fey Bt i — 57.43
SVM 771.13
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