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Smooth Fault-tolerant Control Strategy for Induction Motor System when Sensor Fault
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Abstract: Aiming at the fault-tolerant operation problem of induction motor driving system with sensor
failures, a smooth fault-tolerant control strategy combining indirect field-oriented control (IFOC) , direct torque
control (DTC) and V/f control was proposed. The indirect field-oriented controller and the direct torque controller
were properly modified and integrated with the V/f controller in synchronous coordinate system, which allowed the
DC-type voltage commands of different controllers to switch, so that the three controllers could replace with each
other when the speed, current or voltage sensor failed and restored. At the same time, a rate limiter with a simple
structure was used to achieve a smooth switching transition between different controllers. Experiments were carried
out using a 1.2 kW induction motor driving test platform. The results show that the new fault-tolerant control
strategy achieves fault-tolerant operation under various sensor failures of the induction motor drive system by
smooth switching of the different controllers.
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Fig.1 ~ Switching law of the three controllers
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Fig.2  Block diagram of the improved DTC
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Fig.3 Block diagram of the improved IFOC
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Fig.5 Block diagram of the FTC based on compound controller
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Fig.6. Compound controller in abc-frame
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Fig.7 Simulation results of V/f controller switching to

improved DTC (abc-frame )

1 850
20} ~
g s iy 21800
T opss £
3 $1750
_20,
1700
3.95 4 4.05 4.1 4 6 8 10
/s tls

1
() T HLT T (b)fe HNTE
K8 VirpElil g s 2 ik DTC (i FL45 2R (dg, bR &)
Fig.8 Simulation results of V/f controller switching to

improved DTC (dg -frame )
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Fig.10  Simulation results of improved IFOC switching to
VIf controller (dg,-frame)
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32 EXWHER

HE—2 R TR UESE 3 FTC, #8 TR &
FFFE T SR, SEgR LA TROC FT V2 il
A I VI A R AR AT X FL B AE . R, 5256
H iR SR 1800 r/min, 7 # 5 3.08 Nom, K
HETROC F VIf il % ¥ 1 Simulink W S2E, 2R 5
i T 2% dSPACE(DS1104) -4, IR B L
1.2 kW, i Bk R EE AR R IR F LN 22, IR B )5
AR AR (S B TR 13 b el dk TROC Y14 2 vif
G AR B A SR PE  Horh B 13a FET 13b
BRI, K 13 MR 13d N E THIREE .. 26
Ll B 14 Sy ViFd il 48 U1 25 00k IFOC 1) 8h 245
SEIRPEIE o NS EE S AT Y A I S 3 T
LT abe AR R FTC T T, f il g VI e bk
() 7 A= B S 1 B T 4 W R B TR 9 5 AL I, BT

72200, T
E16S0F

355(’(1'2;3'4/365%610
t/s
() T (abe A AR R FFTC)

2200 .
S 1650
51100

3 550;

34 /5 T3 910
t/s
(b)#E3H I (dg e AR 2 FFTC)

i,JA

01234/'5573910
/s
() T HLIL I (abc 2R R FFTC)

2 3 4 5 6 7 8§ 9 1
ils
(d)FE FHIRIEIE (dg A2 pr Z FFTC)
P13 otk IFOC YT 28 VP il 45 ) S e 4 24
Fig.13  Experimental results of improved

IFOC switching to V/f controller
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