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Hall Sensor Fault Detection and Fault-Tolerant Control of High—-Speed
PMSM Drive System

Myung-Hyuk ]angl, and Kwang—Woon Leel

Abstract - This paper presents a novel hall sensor fault detection and fault-tolerant control method for a
high-speed permanent magnet synchronous motor (PMSM) drive system. A phase locked loop (PLL) type
position estimator is used with a conventional interpolation based rotor position estimator to reduce position
errors due to misalignment of hall sensors. The expected trigger time of hall sensor’s output is used for
detecting hall sensor fault condition and the PLL type position estimator is reconfigured for fault-tolerant
control at the hall sensor fault condition. The proposed method can minimize current ripples during the

transition from sensored control using hall sensors to sensorless control. Experimental results have been

proposed to prove the validity of the proposed method.
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Fig. 1 Speed/position estimator using PLL type observer
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Fig. 2 Simulation result with hall sensor position errors at
20,000 rpm, (a) Phase currents(a, Ib, Ic) [Al. (b)
Actual(We_samp) and estimated (We_hall) electrical
rotor speed [rad/sec]. (c) rotor position error [rad].
(d) Torque(Tem_PMSM31) [Nml]



The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 3, June 2013 207

o,

)

i,

i
N
ol

2

X

N

N T
oxl

o
—_ ot

>
o
c
2]
g
[
i
i)
o
X Qg
>
Ho
N
My [ o 5% Wp

il

N
=

'

lo

=,

o
r2 u=

2
L5 (w,)9 & M ETAltrigger) ©]3%-9]

717 GRS 233

o

>,
ool
BN
N
lo,
of
0,
£
BN
+
lo
N
rlo

2 1o fo

—H e 82
o i N M

)
3

®
[P
S
=
x

)& T3
= A9 3l & AAE FAA Ul & A4T 1%
olojw 63]9] =2 A5t WAskE A7) 7 360
Tl 23w g oE SRS TE 5k

0.992

0.996 1
Time (s)

Fig. 3 Simulation result with hall sensor position errors at
20,000 rpm, (a) Phase currents(Ia, Ib, Ic) [Al. (b)
Actual(We_samp) and estimated (We_hall) electrical
rotor speed [rad/sec]. (c) rotor position error [rad].
(d) Torque(Tem_PMSM31) [Nm]

= 4 (D AdAE g & AATE bE g
E Aol FFE v ol g wAHE Adsk] €l
el A (G)9F 2ol A7) 7 180kl
she & AN 7o) B As Ao RFEH SLE
TN oled A A AX7E g2 A Al
FEFE 74 Feth G FAMEFHE S8
T oflen, o= 2 & AN wFeR #AHe] a9 4
of UER wRel o] 971 4 vk A o4 &
A7) 8 PLL 4 $&/914 FA7)d o8 &£2rb 7
A == skl

a9 49 AN 1% HE7] TAE 29 59 2k
a8 59 & AN 1% AEVAME E A 9

CE

L
o~
RS
2y
5
3
~
=)
(@)}
(e
F
it

sl & AlA

1+ E98ty, & AlA E900,,,)04 M= EFA

A&7 AAHE Aol Az (Usw)ol 02 &9 3} dnt
X 507 9]

= E AN FH(0),)0 AZE z
71 oA AR &AM ader Add 5
Stk ol A dAHew 47 A ex

Back-EMFbased | A é
rotor position error
estimator

Hall sensor
fault detector

mPH,

1 a
k + & - Oy

@ A—|

III/J

Fig. 4 Speed/position estimator for hall sensor
fault detection and fault-tolerant control
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Table 1 Motor parameters

Stator resistance 0.037 []

Stator inductance 0.18 [mH]

Back-EMF constant 0.029 [Wh]
Number of poles 2
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Fig. 9 Experimental results for sudden fault of hall sensor
Ha, (a) Rotor position sensed from hall sensor. (b)
Estimated rotor position. (c¢) Switch control signal
(Usw). (d) Phase current (10A/div)
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Fig. 10 Experimental results for sudden fault of hall sensor
Ha and Hb, (a) Rotor position sensed from hall
sensor. (b) Estimated rotor position. (c) Switch
control signal (Usw). (d) Phase current (10A/div)
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Fig. 11 Experimental results for sudden fault of hall sensor
Ha, Hb and Hc, (a) Rotor position sensed from hall
sensor. (b) Estimated rotor position. (c) Switch
control signal (Usw). (d) Phase current (10A/div)
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Fig. 12 Experimental results for sudden fault of hall sensor
Ha, (a) Rotor position sensed from hall sensor. (b)
Estimated rotor position. (c) Estimated rotor
position error. (d) Phase current (10A/div)
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