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Deadbeat Predictive Control with Low Common-Mode Voltage and Low
Complexity for PMSM

LI Yaohua" ,

DENG Yizhi, TONG Ruiqi, ZHANG Xinquan

(School of Automobile, Chang’ an University, Xi’ an 710064, China)

Abstract: To address the problem of high common-mode
voltage in deadbeat predictive control for permanent magnet
synchronous motor (PMSM ) , this paper proposed the use of
opposite-phases basic voltage vectors within one control cycle
to generate a virtual zero voltage vector, which suppressed the
common-mode voltage. A dynamic selection method for
generating virtual voltage vectors was adopted to decrease
switching frequency. To further improve the performances of
deadbeat predictive control, 12 virtual non-zero voltage
vectors were introduced to expand candidate voltage vector
set. Simulation results showed that, compared to using 7
basic candidate voltage vectors, the deadbeat predictive
control based on 19 candidate voltage vectors reduced torque
ripple by 6.89% , decreased flux linkage ripple by 13.33%

and effectively suppressed common-mode voltage. The
dynamic selection method for virtual voltage vector generation
reduced the switching frequency by 25.89% compared to the
fixed generation method. Although this method significantly
improved system performance, it increased the number of
iterations, leading to a substantial increase in computation
burden.

To enhance the real-time performance of the

algorithm, a simplified method was proposed, which
determined the optimal voltage vector by identifying the region
where the ideal voltage vector resided, eliminating the need
for exhaustive calculations and reducing the computation
burden. Real-time experiments based on the STM32H74311T6

microcontroller showed that compared with using 7 voltage
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vectors, deadbeat predictive control using 19 voltage vectors

increased execution time by 273.40% , while the optimal

voltage vector simplified determination method reduced
execution time by 88.09% .
Key words: model

permanent magnet synchronous motor;

predictive control; deadbeat control; common-mode voltage;

virtual voltage vector; computation burden
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Fig. 1 Flowchart of MPC for traversing 7 voltage vectors
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Fig.2 Deadbeat control system for PMSM
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Tab.1 Common-mode voltage amplitude corresponding

to different switching states

TR LIRS 5y Ueom
000 V, —V,./2
100 v, -V,./6
110 v, V,./6
010 v, ~V,./6
011 v, V,./6
001 v, -V,./6
101 Ve V,./6
111 v, V2

FHER 1 Al A R8s B Bl P e 7 AR
JER 8, X (6) frn, Hi BT/ NMFOCIREL
Ve LR AR R A

V.e {V,,V,,V,,V,,V,,V..V.|  (6)

T Matlab/Simulink 2 37 7K #% [7] 25 B L TG
ZEFOTOM A A7 EARAY iy AR A B HOB A
HWM B LBERN32 V, LR IE R
60 rpm,1 s FirBK 2 - 60 rpm; T 2k 7% 55 4 4f R
15N-m,0.5 s P RE-15 N-m, 1.5 s iR =
15 Nem A5 ECB ] R 2 s SRAE R 50 us, HLAL
KRG HSHNER 2 Fos fFEE R mE 3~ E 6
Fis .

*2 BURSKHESH

Tab.2 Parameters of motor system

SHAR ZHUE
HUEHHE n/ (romin™") 750
BUEHE T/ (N-m) 18
BE TR P/kW 0.94
FEFHL R /Q 02
B TRERE /WD 0.175
d i L,/ H 0.008 5
q B L, /H 0.008 5
WXTEL p 4
B J/ (kgom?) 0.089
FHFBELJE F/(N-m-s) 0.005
FERHIR PLIETI 4% K, 5
B R PLIWTTES K 100
S IR/ (Nom) [-30, 30]

A7 AR AT, ol TR R i, At
LA R TG R 4156 V., p T2 H R O 28 0 Rz Y
SERLH IR R RO, B 7 57 % i R O B ml A4
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Fig.4 Electromagnetic torque using conventional MPC
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Fig. 6 Common-mode voltage using conventional MPC
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Fig.7 Motor speed using dynamic virtual zero

voltage vector
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Fig. 8 Electromagnetic torque using dynamic virtual

zero voltage vector
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Fig.9 Stator flux amplitude using dynamic virtual

zero voltage vector
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ave 6 X t
1< .,
Upons = [~ 2 Ul (11)
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Tab.3 Control system performance based on

different candidate voltage sets

Vo=V Vv, Vo=V VoV
(HE3L) (F@E) ()

Tappwse/(N-m) 11214 1.1429  1.1162  1.3057
Gprwse/Wh 0.0075  0.0081  0.0074  0.008 8
Suve/ kHz 6.34 6.58 11.47 11.04
U’ V 85.63 52.00 52.00 52.00
Ny, /% 21.39 0 22.53 16.14

077 L4385 SR AR« TR 0 47 o) AN 2

% m A AR R H R R R T /N
FERRESE KB, BEARIT MR | SRR3R T - 24
RVTABEHEE, WiERUERERE
FEPRIFIE R FE AR A AR (1% [R] B 41 | 2L ABE P e, (H —
A JE AT EAE AN JEZ f R R i, 3 R SRk
B, RS ERR R L AR O 2T BN R
KA (ABAR T HL AR i SR A B[R] el
R SR S B R 1 R i R B Wk 3

3 FREMIETHERE

N T BETICZEAR T 4 ) R BE , n] AL i HE AU
FEFT L R R A e R, SRR
LU RS FAR I — R A ), nT s #2112
A EAAR U O, T3 19 w8 B %
W, E 1 PR, i, V-V BRI
R A0 A SRR 4 o, BT
RIARF B R G LV, -V, , S 575 5]
AR

11 &FZXBEXRE
Fig. 11 Candidate voltage vectors

R4 ENFEFREXE

Tab.4 Virtual non-zero voltage vectors

fiﬂjﬁz BT B/ (°) W
v, V-V, V,-V, 30 V3V,./3
Vs Vy-V3. V-V, 90 V3V,./3
V, V-V, V-V, 150 V3V,./3
Vio V,=Vs.Vs-V, 210 V3V,./3
v, V5=V, Ve-V5 270 V3V,./3
Vi Ve=Vi.Vi-Vs 330 V3V,./3
Vi V-V, V,-V, 0 V,/3
Vi Vi-V3.V;-V, 60 Va./3
Vis Vo=V V-V, 120 Vae/3
Vie Vi-V Vi-V, 180 V,./3
v, V=V V-V, 240 V,/3
Vi ViV, V-V, 300 V.3
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Tab.5 Combinations of virtual non-zero voltage vectors

with minimum switching times

Switching
Vs Vs Vio Vi Vi

state(k—1)
100 Vi=V, Vo=Vy ViV, V=V, V-Vs V-V
110 VomVy Vy=Vy Vi=V, V=Vs V=Vs V,-Vq
010 VomVi ViV, ViV V-V V=V V-V
011 Vo=V, ViV, Vo=Vy Vo=V Vi-V, V-V,
01 V-V, VsV, V-V Vo=V, ViV, V-V,

101 ViV, V)=V, V=V, V-V, V-Vs V-V,
Switching

V]3 V]4 V]S V16 VI7 V]S

state(k—1)
100 VeV, Vi=Vs VoV, Ve-Vs Vo=V, V,-Vs
110 Vi-Vs Vi=Vy Vo=V, ViV V-V, V,-V;
010 Vi-Vs V-V, Vo=V, Vi-Vs V-V V,-V;
011 Vo-Vs ViV, Vo=V, Vs=Vs V,-V, Vs-V,
01 VeV, Vi-V, Vi-V, Vo=V, V.-V, V-V,
101 Ve-V, V,-Vy V-V, VsV, V-V, ViV,
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Fig. 12 Motor speed using extended virtual
non-zero voltage vectors
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Fig. 13 Electromagnetic torque using extended virtual

non-zero voltage vectors
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non-zero voltage vectors
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Tab.6 Control system performances

Tri;LRV[SE/ ‘I’.»ip,ﬁmsr:/ Jave” Uenme/ v

vittual

(N-m) Wb kHz \ %
fZE  0.9838 0.006 0 15.72 52.00 74.48
A 1.044 1 0.006 5 11.65 52.00 65.87

P L5 T 0 3m o 2 R R R ) 1 R
PR R R e R R B2 19 4, A 2L
Wk /INBERE N A K Bl MR 7 A FEAR LR R
R IR B REAR 6.89% | G BE Ik Bh K 13.33%
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Fig. 16 Voltage vector partition diagram
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Tab.7 Execution time for different algorithms
HILATER fay A s vk
BATHH/ms 56.711 0

Vo=V
476.16

Vo-Vis
1777.98

H126 7 AT LAE AT 7 DA R R
R 19 AR S B AT IR AT B O 273.40%
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Model predictive torque control ( MPTC) can
decrease common-mode voltage by removing zero
voltage vectors from candidate voltage sets.
However, zero voltage vectors help reduce flux and
torque ripple, decrease switching frequency, and
MPTC /7.

zero voltage vectors be

eliminated directly. To address the problem of high

their utilization rate in exceeds

Therefore , should not
common-mode voltage in deadbeat predictive control
for permanent magnet synchronous motor, two basic
voltage vectors with opposite phases were used to
which

suppressed common-mode voltage while maintaining

generate a virtual zero voltage vector,
control performance. However, using two non-zero
voltage vectors within one sampling period resulted in
a high number of switchings. Adaptive generation of
virtual zero voltage vectors could decrease switching
frequency, but increased the application time of
voltage vectors, leading to increased flux and torque
ripple.

12

virtual non-zero voltage vectors were generated to

To further improve control performance,

S3

expand the set of candidate voltage vectors.
Simulation results showed that, compared to using 7
basic candidate voltage vectors, the deadbeat

predictive control based on 19 candidate voltage
vectors reduced torque ripple by 6.89% , reduced
flux ripple by 13.33% and effectively suppressed
common-mode voltage.

of
switching frequency by 25. 89% compared to the

Additionally, the dynamic

selection virtual  voltage vectors decreased
fixed generation method.

Increasing candidate voltage vectors increase
computation burden. To mitigate this, a method was
proposed to determine the optimal voltage vector
without the need to traverse all candidate vectors in
modelk predictive control. Real-time experiments

STM32H7431IT6  microcontroller

platform showed that, compared to using 7 voltage

conducted  on
vectors, deadbeat predictive control with 19 voltage
vectors increased computation time by 273.40%.
the
determination method decreased computation time by

88.09% .

However, proposed optimal voltage vector
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