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Research on Suppression Common-Mode Voltage of MPTC for PMSM

LI Yaohua® , DENG Yizhi,

ZHANG Xinquan, TONG Ruiqi

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

Abstract: Aiming at the problem of large common-mode
voltage in model predictive torque control of permanent
magnet synchronous motor, the common-mode voltage
suppression effectiveness of three methods, namely, joint
control of flux linkage, torque and common mode voltage,
direct removal of zero voltage vector and virtual zero voltage
vector, is analyzed comparatively. Simulation results show
that all three methods can effectively suppress the common-
mode voltage. The first two methods do not use zero voltage
vector, resulting in increased flux linkage ripple and torque
ripple. Virtual zero voltage vector method retains the zero
voltage vector and effectively suppresses the common-mode
voltage, but the switching frequency increases. Adaptive
dynamic virtual zero voltage vector method selects the zero
voltage vector generation method with the smallest number of
switching times, which can effectively reduce the switching
frequency under the premise of the basically equivalent
control performance, with the optimal overall performance.
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Fig.1 Topology diagram of two-level three-phase

inverter
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Tab.1 Common-mode voltage amplitudes

corresponding to different switching states

TR AR B
U,(000) V2
U,(100) ~V,./6
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Fig.2 Block diagram of MPTC system of PMSM
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Tab.2 Simulation system parameters
SRR ZHUE
JEFHIBH R,/Q 0.2
YT RESE ¢/ Wh 0.175
d i L,/ H 0.008 5
q B L, /H 0.008 5
T p 4
e J/ (kgom?®) 0.089
BUNFHLJE F/(N-m-s) 0.005 . .
FESETER PL AT K 50 B4 kEFEDRRE
b
SLVRER PT MY 8% K, 10 Fig.4 Speed of PMSM
S TR/ (Nom) -30.,30
B 5 kEEDHEILEE
- Fig.5 T f PMSM
B3 kEFES R ERE 8.5 forqueo
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Fig. 6 Stator flux of PMSM
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Tab.3 Performance of MPTC system of PMSM

SRR SR8
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Tab.4 Common-mode voltage control terms

corresponding to different switching states
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Fig.7 Common-mode voltage of PMSM with joint

control method
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Fig.8 Speed of PMSM with joint control method
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Fig.9 Torque of PMSM with joint control method
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Fig. 10 Stator flux of PMSM with joint control method
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Tab.5 Performance of MPTC system of PMSM with

joint control method
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Fig. 11 Common-mode voltage of PMSM with direct

removal of zero voltage vector method
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Fig.12 Speed of PMSM with direct removal of zero

voltage vector method
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Fig. 13 Torque of PMSM with direct removal of zero

voltage vector method
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Fig. 14 Stator flux of PMSM with direct removal

of zero voltage vector method
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Tab.6 Performance of MPTC system of PMSM with

direct removal of zero voltage vector method
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Tab.7 Performance of MPTC system with virtual zero

voltage vector method

E 2 EA SR
Ty rmse/ (N+m) 1.247 6
¥ rip,RMSE/ Wh 0.004 8
Uom_rms”V 52.003 6
Save/ kHz 15.65
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Fig. 15 Common-mode voltage of PMSM with virtual

zero voltage vector method
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Fig. 16 Speed of PMSM with virtual zero voltage

vector method
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Fig. 17 Torque of PMSM with virtual zero voltage

vector method
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E 18 RAEMFREXETEN KR D BIEFHHE
Fig. 18 Stator flux of PMSM with virtual zero
voltage vector method
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Tab.8 Adaptive dynamic generation method of

virtual zero voltage vector

el PN S LN ST Wi
Vi V-V,
V) V,-Vs
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Fig. 19 Common-mode voltage of PMSM with dynamic

virtual zero voltage vector method
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Fig. 20 Speed of PMSM with dynamic virtual zero

voltage vector method
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Fig.21 Torque of PMSM with dynamic virtual zero

voltage vector method
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Fig. 22 Stator flux of PMSM with dynamic virtual zero

voltage vector method
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Tab.9 Performances of MPTC system with dynamic

virtual zero voltage vector method

SRR ZH1E
Tnp,RMSE/ (N-m) 1.254 8
'J’.v;p,Rwsn/Wb 0.004 9
Ueom_ms/”V 52.003 6
Sue/ kHz 11.04
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Tab. 10 Performance of MPTC system with different

control strategies
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Model predictive control (MPC) has become a
research hotspot in the field of permanent magnet
its

synchronous motor ( PMSM ) control due to

superior control performance, simple structure and

strong  anti-interference ability. MPC  system
generates large common-mode voltage, which
damages the winding insulation and motor bearings

The
high-frequency

and reduce the service life of the motor.

common-mode voltage generates

oscillating common-mode current, which brings
electromagnetic interference problems and affects the
normal operation of electronic equipment. Adding a
common-mode voltage control term to the cost
function of MPC can achieve the effect of suppressing
the common-mode voltage, but this brings the
problem of designing and adjusting the weighting
coefficients. Using a collection of alternative voltage
vectors without zero voltage vector also suppresses the
common-mode voltage, but the control performance
of the system is degraded compared to the traditional
MPC. Using the non-zero basic voltage vectors to
synthesize virtual zero voltage vector can effectively
reduce the torque ripple and current ripple caused by
discarding zero voltage vector.

A model predictive torque control model for
surface-mounted PMSM is established. Based on this
model, the effectiveness of three methods, namely,
flux linkage, torque and common-mode voltage joint
control, direct removal of zero voltage vector and
virtual zero voltage vector, on the suppression of
common-mode is And the

voltage compared.

S4

switching frequency is reduced by adaptive dynamic
generation of virtual zero voltage vector. Finally, the
following conclusions are obtained through simulation.

1. The three common-mode voltage suppression
methods of flux linkage, torque and common-mode
voltage joint control, direct removal of zero voltage
vector and virtual zero voltage vector have basically
the the

suppression, and all of them reduce the peak

same effect on common-mode voltage
common-mode voltage from V, /2 to V,./6, which
suppress the root mean square of common-mode
voltage to about 48% of the original value.

2. Both the flux linkage, torque and common-
mode voltage joint control method and the direct
removal of zero voltage vector method do not use the
zero voltage vector, which lead to an increase in the
flux linkage ripple and torque ripple. The virtual
zero voltage vector method can effectively suppress
the common-mode voltage while retaining the zero
voltage vector, but it leads to an increase in the
switching frequency due to the fact that two voltage
vectors are applied in one sampling period.

3. The adaptive dynamic virtual zero-voltage
the
generation method with the smallest number of

which the

switching frequency compared to the virtual zero

vector method selects zero voltage vector

switching times, effectively reduces
voltage vector method, but the torque ripple and flux
linkage ripple increase slightly due to the increase in
the action time of the non-zero voltage, and the

overall comprehensive performance is optimal.
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