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Restarting Method for EEMF Based Sensorless Permanent Magnet
Synchronous Motor Drive Systems

Young-Jae Lee', Yeongsu Bak', and Kyo-Beum Lee™

Abstract

This paper proposes a restarting method for extended electromotive force

(EEMF)-based sensorless

permanent magnet synchronous motor (PMSM) drive systems. The sensorless PMSM drive systems generally
estimate the rotor speed and angle based on EEMF. However, if the inverter is stopped while the PMSM is
rotating, the initial rotor speed and angle are required for restart. Therefore, the proposed restarting method
estimates the initial rotor speed and angle using the short-circuit current generated by applying zero voltage
vector from the inverter. The validity of the proposed method is verified by simulation and experimental

results.

Key words: PMSM(Permanent Magnet Synchronous Motor), Restarting method, Sensorless control, Rotor speed

estimation, Rotor angle estimation
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Fig. 1. Space vector diagram of PMSM.
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Fig. 3. Block diagram of estimating rotor speed and angle.

e’)’ _ - Sinaer'r(}r est - Ig
[E(J - Eeemf[ COSGCT-T-OT } + (CU w )Ld[ 1:)/ (3)

3L A (3)ell Uebd EEMF &2 4 (4)9h 2},
Eeemf =w [(Ld - Lq)Ide + ¢f] - (Ld - Lq)(pIq( ) ()
22 F2XH BHET|

w% z%zﬂ—o] }_b‘]_ﬂ] 5101
Arg ZolAA =Y, (v — w)ﬁc}o] 0o.= ’“936‘]-74]
HBE PMSM 971489 43k

59 2t

est :
e'y —F - Slneerv'or
est| Heemf 0 (5)
66 COSVerror

e/i/

eerror = tan* ! (_ ) (6)



The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 2, April 2019 129

Vabe
PWM
Inverter

~ ref I i abe
Current | Ydas ~ [dg
Control abc
I I\
i dgs

@D st eesr 1

- ref)
Speed | dge

ref
@ 7
Control

abc

Sensorless Control [~
(Estimating speed and angle)

Fig. 4. Control block diagram of sensorless PMSM drive
system.
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Fig. 5. Short-circuit current vectors generated by (a) first
and (b) second zero vector.
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TABLE 1
PMSM PARAMETERS
Parameter Value Unit
Rated power (Prueq) 5 kW
Rated speed (@ued) 1750 rpm
Rated current (Zrgeq) 1909 A,
Stator resistance (R,) 283 (9]
Stotor d-axis inductance (Lg) 0.125 H
Stotor g-axis inductance (L,) 165 H
Number of pole (P) 3 -
Rotor magnet flux linkage (¢ 20 Wh
Moment of inertia (J) 00066  kgm?
s Ve V)
400
300
200
100
(1]
100 22 (tpm) @ (rpm)
200
800
700
600
@ (rad)
8
6
4
2
0
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Time (s)

Fig. 6. Simulation results of EEMF based sensorless PMSM
drive system.
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Fig. 7. Simulation results of proposed restarting method for
EEMF based sensorless PMSM drive system.
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Fig. 8. Experimental set.
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Fig. 9. Experimental results of EEMF based sensorless
PMSM drive system.
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Fig. 10. Experimental results of proposed restarting method
for EEMF based sensorless PMSM drive system.
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Fig. 11. Experimental results of initial rotor speed and angle
estimated by using the proposed restarting method.
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