MD-19-179
RM-19-117
VT-19-083

BRI SAVETIIC X AT a7V NN—=FFE—H KT AT D
EEHRFICBITA 7 2 — e —T7EIE

KE BEBH* Melinda Badriatul Fauziah O ZEZ (FrEKEF)

Fail-Safe Operation of Dual Inverter Motor Drive
Based on Space Vector Modulation at High-Modulation-Index
Yoshiaki Oto*, Melinda Badriatul Fauziah, Toshihiko Noguchi, (Shizuoka University)

A dual inverter system feeding a PM Motor with open-end windings has been focused on, aiming for an
utilization for autopilot techniques of hybrid and electric vehicles. The dual inverter motor drive has an
advantage of utilizing a redundancy in the switching states, which means to generate particular voltage vectors
with several redundant switching states. The redundancy can achieve some fault tolerant operations, that is,
the dual inverter motor drive can keep operating the motor even if some failure is occurred in the system. In
this paper, the fault tolerant operation of the DC-bus battery of one of the inverters is discussed. In particular, a
switching over technique of the dual inverter motor drive from the normal condition to the fault tolerant
operation with a space vector modulation is proposed, focusing on the operation at a high-modulation-index. The

proposed technique is examined through several computer simulations.
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Fig. 2. Studied dual inverter motor drive.
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Fig. 3. Redundancy of switching state in dual inverter system.

Voo '\
\
\
\
V60xT60/Ts v* \\
Vz 7 \

\
WOxTO/Ts ‘WO

4 SVM OJEE
Fig. 4. Principle of SVM.

SVM 1 Period

Vo V0in V30 V0in
(000)(011)’ (-) (000)(011)’ (-)

(100)(000)’ (0) (110)(010)’ (-)
(111)(011) () (111)(O011) ()

(100)(111)" (0) (100)(101)" (+)

(100)(100)’ (+) (100)(100)’ (+)

(+): Charging Mode
(-): Discharging Mode
Hold Discharge Charge Discharge |(0): Holding Mode

Capacitor Voltage Command Capacitor Voltage

B 5 SVMIZXDF ¥ v EERIEE
Fig. 5. Capacitor voltage control with SVM.
DEGRANAN Y T V= O35 Z RO b
%5, ZIT, TaTl A N—=FDAL v F v 7IRELH
JIEENT SVOBRRDO S H0END 60 EAEE ML
DOF Fig. 310RT, HPICHE, AL vF v S REOETD
BIEFRETOX ¥ AU FFHEE—FELL, [+ X
FYNVEREE—FR, -] FF¥ U FHEE—N,
M0 XF ¥ U HZBERFT—FE2EL WS, Fig. 3%
RpE, EHLLDOEBNAREELIZBNTH AL vF 7
WENTEMEEZ D, BEDOEENY M EERORLD
ALy F U TRETHIITEDZZ RS, Lrl, H
VS RAEBELR 1: 1 O%A, ILRRAAL v T 7 REOH
xRy N EZERETDE— PR T ST FBELH
WD ENREETH D, —FH T, Ei/SAEEEN1:05
DA, TMRRAA vy F U 7IREOPICFTREE— N L HE
F—FOWMLGBHFELINDZ LRIV #Z 5 Z &3 0]
BETHD, LEN-T, BT 27 =—b—T7BETIE
B SRAEEL 1: 0.5 Z#8H L, MEMA R —F DX v
WU BEELRIETERA L N—=F2 DNy T ) —EEDF4IC
HlE3 5, 72720, ERARBLELEN1: 0.5 DHFETYH,

2/6



& HIMUDRNATFR A AT DEIENT MVITITILRMEN 7
< F ¥ U EFEEOFIFHNRER 72D, KimxXTIEIns
DEENT MVEFER LY, $hbb, 7=2—k—7
B DB EREIR 1T AT m < 0.5 IZHIR S5,

(2-3)  ZERERY MIVERE

FaT A =2 GFRIL, AA v F 7R EBICTTEMN
Do REDEERT MVEBHDTNERAA v TF o 74k
BBTHATED, LERST, BHZT 2T A o R—ZD
7z — /e —T7EEZHIET HRICIE, TRRAAL v F
TIRRED F N HEUNCF ¥ U X EFIRETHHOEEHE
BIRTHLENRD D, 22T, AL TITEMANY MVE
M7z (SVM : Space Vector Modulatlon) FERALTWS,
Fig. 4 101 > /8— % M3 ) AT RE EXT7 " DS B 0
#EGOE%&%&LK%@%quSWM@E@%%%?
5, Fig. 4 1R T X DT A 3 —F FBEr 72 BT Nﬁbw
L T&E W, LEAMH - LEIRIRORE S EE

7 MVERIT AT h%%ﬁ@&ﬂATAmﬁéb
N b, SVM Tix, HEAEEXY b a2 T2
KT DEIERS MLERIRL, %n%h®~7bw®mﬁ
Rl 4 HAE T 5, KB TiE, fHeEE Aﬂ}w/w%mﬁﬁ
EEZRLTEY, Bk SVM AN, TO & T60 IX&E/E
7 R VO & V60 DRI Z T EnRL TN D, £z,
ERTELERY ML viE T HBRICIE v TRET 5 ik &
FHie 3 DDEE~Z b (Fig. 4 Tix Vz, VO, V60) 7 i
R,

(2:4Y  F oL BEHIEE

BN RAEBIRD 7 = — /L2 —T7EETIE, BEMA N
—HDF Y NV AFEE—ERE L T FERA~DT LT L
N/Vﬁfﬁﬁ/ﬁ/ﬁk% SVM iZ iofﬁﬁi@‘éb%ﬁ)&)%ﬁ ]
BOEIZ, TaT A N—=FDAAL vTF v TIREE
TLEMERH Y, FHCERANAEERE 1 05_¢5_&f
FXY NUHFBET— FEHBET—FE2ILEICV#HEZ D Z
LB TED, LIeRo7TC, Fig. 5IZR-T L HIZ SVM D AA
o F L TNRE— PR ENDHE, FEIERT bV EH
HTBE, TTERAA v F 2 ZRBEDO T H S YN X ¢ 3
VA ERMETHE— REEEEIRTHZ LT, SVMIZ &
S TH Y N FOFREZFE L-DD, FRHIERIZ~ L
FLNNVOEBEREFEERNTZ D, 21EL, AL vF T
%%ﬁ@%vNV&ﬁm%%—“i%ﬁ@%—&%ﬁﬁﬁ
CEOoTRESIND 2D, AL vTF U 7IREEZRINT DR
Li%%ﬁ@%ﬁﬁ¢%%ﬁbﬁfﬂiﬁ6&w%

3. RETHI7z—IILt—TJBEDIYBZIE

AFHSCTIT INV2 QRN A EROMEEZARE L T2,
?:L TNhA v _—=2 FRITELREDA =2 B 1O % T

ﬁﬁf%é@f IEHIRRE CIE % OEIR I & YLK
TZD?L_ WCERANAEFEL 1: 1 CEIEL WS, — 5T
m*Wt—7@¢Ti,&MLKHWQQ%kA/&ﬁf
ZIEH 7 INVL Oy 7 U —EEOESICHIET 5, Lz
ﬁoTJNW¢VW?U~®ﬁ&%ﬁHLUv~m;of

m=0.5 > Operation Region
at Fail-Safe Condition

B 7 F\eiss o filfE 2 B Uiz m L aR
-7

Fig. 7. Fault tolerant operation at high-modulation-index
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Switching frequency 10 kHz
Voltage of batteries 150 vV
Capacitor voltage command 75£5V
Capacitance 1330 pF
Motor rotational speed 2700 r/min
Dead time 0 ps
Number of poles 8
Number of flux linkage 0.174 Wb
Motor Moment of inertia 0.00173 kgm?
parameters Damping coefficient 0.01 N/rad/s
Phase resistance 1.1Q
Phase inductance 5 mH
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Fig. 10. Simulation result.
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