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A Simplified Analysis Approach on the Rotor Position Detection Error in
Sensorless Interior Permanent Magnet Brushless DC Motor Drives

Kwang-Woon Lee' and Tae-Sik Park™

Abstract

This paper presents a simplified analysis on the rotor position detection error in sensorless interior permanent

magnet brushless DC motor (BLDCM) drives,

wherein

terminal voltage sensing based on the

back-electromotive force (back-EMF) zero—crossing point detecting circuitry is employed. The effect of a rotor
saliency on the back-EMF’s zero—crossing point detection is analyzed using the extended EMF-based voltage
equation of the interior permanent BLDCM in a stationary reference frame, and thus the overall analysis is

considerably simplified compared to the conventional one. Simulation results are provided to verify the

effectiveness of the proposed method.

Key words: Interior permanent magnet BLDCM(Brushless DC Motor), Sensorless control,

detection error
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Fig. 1. General hardware structure of sensorless BLDCM
drives.
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Fig. 2. Phase currents, terminal voltage, and gating signals
in BLDCM drives.
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TABLE I
POLE VOLTAGE OF OPEN-PHASE WINDING AT
BACK-EMF’s ZCP

Terminal voltage at Back-EMFs
ZCP (freewheeling mode)

Vo = "E@rl[\l‘g _I‘.:l‘.]
vm = vdc - "Ilf_Bw}‘I[I‘g _I‘a’.]
Vo = "Ewrlr'\z‘g - I‘d]

Conduction | Terminal voltage at Back-EMFs
mode ZCP (conduction mode)

c—b V=V 2+ ﬁw}[ﬂa —I_d_]
a—b v, =vd“!2—qf3_’wr1[:Lg —Li\]
a—e V,, =V, f!2+ﬂ..'r§r:ar1[\£‘_I -L,)
b—c Vo = Vi /2—4@@1{‘{‘: —I_d_] Vo =V — ﬁwrl[;g —I_d_]
v v val2 B0, L) | v, L)

c—=a Vo =Va r'{ - "'Ir_Ber[La _I‘d.‘] Vi =V _"ﬁwrl[:l‘g - Ld.‘]

TABLE @I
SPECIFICATION OF IPM TYPE BLDCM

Variable name Value [unit]
Stator resistance 53 [Q]
D-axis inductance 0.11126 [H]
Q-axis inductance 0.165 [H]
PM flux linkage 0.159 [Wh]
Number of poles 6
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Fig. 3. Simulation result showing the relation between the
back-EMF’s ZCP and the terminal voltage of open-phase
winding in IPM type BLDCM drives.
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