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Performance Improvement of Sensorless PMSM Drives
using Motor Friendly Output Filter

Han-Young Bu!, Seung-Hoon Baek!, Sang-Hoon Han!, and Young-Hoon ChoT

Abstract

A back-electromotive force (back-EMF) estimator for a permanent magnet synchronous motor (PMSM) uses
the three—phase voltage references of a current controller to estimate rotor position. However, owing to voltage
drops caused by the nonlinear characteristics of switches and passive components, the actual voltage in the
motor and the three—phase voltage reference may not match. This study proposes a sensorless control method
using a sine-wave output filter applied between the motor drive system and PMSM. The precise voltage in
the motor can be measured with the sine-wave output filter and applied to the input of the estimator.
Moreover, given that the voltage in the motor can be measured precisely at extremely low speeds, the stable
operation range of the back-EMF estimator can be secured. Experimental results show that the proposed
sensorless control method has stable operation at extremely low speeds compared with conventional sensorless

control.
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Fig. 1. Definitions of reference frames.
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Fig. 2. Proposed sensorless drive scheme.
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Fig. 3. Equivalent circuit of the sine-wave output filter.
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Fig. 4. Bode plot of the sine-wave output filter.
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Fig. 5. Flow chart for position and speed estimation.

o A5G A4E
AS Balek] o) -%237194 gaai g3,

a9 38 Adn YA 71822 Jeh, 4
1 2EYgE 7(457] T5 A" 28 3 A

e AEs FAgtoR WAy & ot
A3 Zeaye] Foe $9 TULE dehie, 29

ZJ ZJr‘F"ﬂH«] Tf?& 2171 ARads A7) 8 &

}H
Jy
i
[>
]
N

N
k=)
Y
Lo,
S
=
X
=2
o
ﬁl
ofr
b
Jht
o
o2

133mm

300uH

four 2
Q

A
v

Fig. 6. Experimental setup and fabricated output filter.

TABLE I
PARAMETERS OF SURFACE-MOUNTED PERMANENT
MAGNET SYNCHRONOUS MOTOR

Parameter Value
Stator resistance (/2;) 552 (Q)
d-axis inductance (L) 205 (mH)
g-axis inductance (Z,) 205 (mH)

Pole (P) 48
Permanent magnet flux (1) 0.076819 (V/(rad-s))
Moment of inertia (/) 0.0015 (kg'm?)
Rated speed (rpm) 500 (rpm)

|‘ Sensorless control
Open-loop I
cotrol :

150rpm

o, (50rpm/div)
@, (50rpm/div)

15rpm

i
V) JHMMWW“\

0, (4rad/dlv): il

=

0 (4rad/d1v)n[)‘]‘y } i

Fig. 7. Experimental result of proposed sensorless control.
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Fig. 8 Deceleration results from 500rpm to 15rpm. (a)
Proposed method, (b) Conventional method.
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