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Open Phases Fault Diagnosis of IGBT-based DC-AC Inverter
of Electric Vehicle

S. S. Moosavit, Assistant Professor; A. Kazemi?, Assistant Professor; H. Akbari3, MSc Student
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2- Faculty of Electrical Engineering, Kavosh institute of higher education, Email: asadollahk@yahoo.com
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Abstract: Nowadays, the power electronic converters play a crucial and undeniable role on electric vehicles propulsion system. One
type of this converters are voltage source inverter (\VSI) that use a lot in electric motor drives. In electric vehicles, due to the tense
environment that is also associated with turbulence, Inverters are always at risk of failure that occasionally caused to irreparable
damages. This paper focuses on diagnosis and detection of open phases fault on IGBT based VS| inverter. In order to extract the fault
index, an open-circuit fault detection model presented in this work and the results obtained have been satisfactory. In continue, for fault
diagnosis and classification, it is used a multilayer perceptron artificial neural network (MPANN) algorithm. The system is investigated
under 5 different torque and speed level in static state, that all fault conditions have been identified successfully with the help of
MPANN.

Keywords: Power electronic converter, voltage source inverter, fault diagnosis and detection, hybrid-electric vehicle, open phase fault,
multilayer perceptron artificial neural network.

WA+ alie Sl 20
VALY callie ool
VWRET ALY allie ey g6
R N L

ol ipg lags,glid paass olKails FO ,3L1 i ¢ ol o y053ke 2 gt 0diun 5 Sl

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018 Serial no. 85



3 el sl (3l ST 5 ot

YAV 50l o ojleds FA a3 5 oy 5y (owdigee aloea VYA

Jolis Jol (i il o i 90 Jolis a5 cenl ouns sl [V1]
e ol 5l 5l (29,5 bz 5 5y sla i ioloj]
9> s gae S gl mism 50 5k Jlasl sllas g4,
p9o i3 S oo 8 5l T 050 Lhs Ty gl el jlateay
e sl oz sl LK (S somaieb 5 glmil Jolt
el | gl *FFT 5l s los, sslizs IFFT-RPCA-SVM s,
(RPCA) (oo ool slaailze 5 IUT g, 51 ¢ b i (S
sk SVM g 5l Ll 5 Wnosls ol 2alS 5 (55lwaige sl
1) asdlass g0 i &2 5o (pl cCowl 0ol solatwl osls sunaals
S ;3 4S5 (550 ,0 casl 001318 ) 23550 ol )b S L
0 b —senl g9 5l il oS B pa s (e slaaSl 5 )l
2380 Fenl ok Jlasl glas paseins glp by, Se i b
5 03l e VS g4 5l onliinls g 50l ol oa &S [V Y] x> o
ool 18,50 by, e el s | oo algie SVPWM Lpolas | 5
g5 3 asdllan 3,50 sllas ol Jone ge—¥goe g5 51 i
gy —lise sl o B G alad 5 alfaiz 5 ABST slallas
Lol amalio 5 5 psnl e 3 5y (5T ojlail b |y ol 1o, 50
Aol 6ol ol Jdow Jaw leaslawoay >g,5 5L
OB b b g ez st jslatedy (295 5 5l JSom S
ediS S pas plyieds palls (genl 5l 8 a2 pe ol o bl O]
PSRRI PIALECSE S S IEDRUEE SN SRLINR P S oy
et Ol s Ll s o 55 mge S0 i o el sl
adbs pac 5005 ologl S i Uas gondads slle jo il oS
18 ol pamay | sy (g0

S IGBT 5 Jiail sllas a5 5 olwlid alie oyl o
S8 axlllas 5,50 (S35 ik 9,095 0 00548 5 ISay DC/AC Joue
Jore oS Gl Sl 050 (504 b (59995 Ll AL S
il o S S il iy ol o ilSaiz 534,5 L DC/DC
590 S n U5 mlyo 59 g 039 Slg @e g9 51 090 5550
e (gl 0slils ygm g, ansl 00 428, IS4 PMSM
oled Sl Y iz ae 4D g 498 b Sl (oS s
@ Slles Ll 8 50 95, 0 jlasil a5 5L Jloail slas slacl>
el 2318 () 090 Allie (nl )5 g 55

F e Cwlond guiainl pj O)god dlis slaide ple
Foasu ol Jlasl slhas aseas F (25 (g 9055 LSl
3 g el @l B (Aou Vaiz gy p (ora e 4D (Srne
ol a0 45l (gumex F S

SN red (69,095 sl Y

Jo Gisw o c& 63).«44 CS g ol ‘dj)ﬂ )‘l.\slw" > 4 a>gi b
Gl 8l dalgs U@l}ﬂ% OF Yoo A Jlo 0% F- 5l Jasg

S 5351 oy 5T 53 5 0 ol slo s ey o0

doddio 9
(S slaygige sl 0 (oot GBS pu8 Seig 1Sl o
@ phaans 65 mle ple bLS | sl o 438,554 sla o
JJLAAJS 9 ( HVDC ‘5wa) g.;)d.s JL‘L..J‘ Lngp..\.MM mmdra.o
Rl 1S (oo Lol 500 (6o )18 5l (g ko 5 52y 9 (5 S
aiojls g oo Sl e 5l s 508 Soig Sl o liedsl e LB
O 3 ey e ek DVlew! e g g g
G e OYLlasl o Uas e 0 7, golodag 0 a5 olallas
Seg S s 5 slollaz 5l o 0 YF/ U &,08 sboolSins o
Sl ools las (6,50 o) Iv] A oo plaisl oes a1y &jad
I¥]ams o &) puiio e jo LAC (sl jgal s 50 lallas AT sg0 a5
Oygon Gl ) Ly senl jo bl glgl dlas  Sooey L |l
5 plwlbi—d 05 candab s gblhs § S sl
b L 4 Cod Joauzmy 0l 3 G ailfuis sballas aseis
Ol Iy las iz s sl Uas elgl yuioran ail oo (SO las
2,5 i b JLaal glallas g olisS Jlas! slallas aiwo g0 4
A s by B0 o0 ) a0 0UsS Jlasl glas aS Sl
P8 J5S g blix lapius 45 dusy o ol lade pln £ O
) s g 2 0Ly Gl Gl Lol 5 ansas 4
Lyl b Jl—asl glaz 5)50 50 Ll oS o dgpl las ol o

a5 0Blige 15l w50 Ly Slit g 005 iz
TN S o Son it | s ol ansess 5 Lot
NGBT ayly akad g oS (Lo ,8 adad i s 90 4 3L Jlas! gl
al glad sl 4 by jo odee mpmr Oloo (nl 30 45095 (oo oS
Yo g gl sz b e 5l Jdoipendy ool 0 IGBT
Aot g9 (nl arnid 5 @lwlid (59) p Oliie yii 9250
S Jladl sllas 5 o bt jslaion [3] g e oo S 3500
gl el 00,5 oolai il S ge fowd 3l a5 en)
ol Jaie W gige Sy 4 45 055 VS g5 5l oolii sl g
o DTC b 5l 55 it oos S35 5551 98l ool S o o
o o las plolid 5 Comd g 3Ll (6l jlaw (L 5l wal
) hal 2 Lo e o ol ol 00,5 ool l QW1 5590 51,38
5 Cow l ool U >0 IGBT G s OT 50 aS oloyl 8 s 00500
ooy S [V o] g pe ol 00,5 ailBuis slalhs 4 (glo Lz
S 5,el o IGBT 5L Jlasl slas o 25 (gl ools 1y st
gl (Ghyy ol o sl 00,5 &l (g)lo n JyuS b ol ygise
Fosil 3Ban oz BT Gk 5l s (asetd 5 plases Comd s
ouds ool [ Uaz 10 5 dlgnl jolaiads TSVM 5l sl odalcaw oy
08,5 (gaidiwd b iz ey S ol bl x> e ) ol
S 1y 5 S it 5 a5 o3l Jae o o
SF Pl SG 3l o olyon St L) e J ST 5 wao o
&z @il aVaiz lo sl ol las jaseiis 5 lolis

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



Sl il sl (g3 lS3T 5 s

YAV 50l o ojleds FA ol o3 5 oy 5y (owdigee aloes VYA

—) S S il

e 5y e 50!
S
I =
5995k De/De Jao
- | Y sy s s d—)

f“;::
% T W e Susd

axdllnod g0 (5 yd 93095 (Guy Yy 1) S

S5y o)lyed 35, L 4T el Gl gm s fon USSR, 5
359) 0 9355 695 Lyl 3529 4 azgi Lol anils 13D Hyme
pae Oy90,0 1) .l D jeome (gliwljon (235 5 ails 5929 0)lgen
Oz L oy adlie PM o Lagi onl wlgi L4 rals a4 5L
2 9teaS abaly s Grals glas b ogd sio Wb (gs) syt
Ivy-valew 55 & s0a PMSM
3 P
>X5 [ X ihs 4 (Las — Lgs) X igs X igs](1)
2ol Lazye ol o583 Hho Lol jglis 5 el po
5 oh anlyS o igs ccuw lia iS5l oslite | gD e sl |,

1l 0y 1) g0ty abal ) ameis o

T, =

3 P
Te:EXEX/llrerigs:KtXigs (2)
as = Am (3)

LSS bliie JLb AL AL ¢ S sl Ty o] o a8
o iliS5ail e Lys  Las ¢ Q jsmme sl 55 5555, Gl > « lgs
s P D-Q jgme gl 40 silisl ol igerids ¢ D-Q y3e
Tk Sl LBl D jezme sliwly 5o g Lo Ags ¢ lad i

Sl 0als ooy LS Y S 5o colatwls g0 (g4l0 0 S

ey
Control Unit iab
1§
Lox s
igs =
[« e} B
e | |5E L
— N N AN
Wref . i |23 58
4 n Te Torque lgs -~ = c
. Controller a
wr f° L
or
1/s]

l
oolawl 8590 (5 10 0 J S b Y USSS

Wgas sl JyoS Cuz H5ige 3B Glapl oz 5l b Sy onl 5o
sy L\ U—| dw..’Lo.c 9 )P g0 &y )‘ oolaul l) RO PR d)loﬂ

S b odelcawsds jglisd duglie b .0gd g0 dumle Haliis a1
Obyz 5 Ngd oo 0-abe Dlaus olSiws o)1y 535, Lis 2 al;

Suakd nlple Bboe (See 25 YL 3 Sl Sl B
wile (& g Jo S )0 S gm Bpas el 4 bae gl
FB B slgyosx 5 S s oot (Fn glegyoe>
g 03903 yiien 503 4l blug ()3 1 995 oSl 4t 4 L]
2 hed S g 2ol Sz 53 0)l5e (oS gl 5l (SG

D] ol ot Las Jasg fa> i

axdllan 0590 i (8 y20 —1-Y

adgl gte plgreds (S 9 Jolow 5l 5100050 (60 5 (59,09>
Gl 6908 3 (o 05t 551 4gl s plgreas 051313 5 (55
e Shelpng aBl (oo G daz 09,9 b Jowe 95 51 9)095
3lesla—wl .ceul sl Jaws g4 51 I DC/DC & ja8 g 2]
Coond )3 1) gl o2 5 iy 30 Al (695,5 L DC/DC Josse
el s Joe lY Gl g aizmes wad o Rl (65l adg
S9) 2 pelmn yoboas 45 358 0 Wy 9 by (29 Sy S
Job Gl Ce b i) g o9 IS 50 (6551 wlis joe Job
e s Jled e o lic ol rioren 00,5 co Dl cpl jes
2ol |, Ces IDCIDC (gl Jome oyl yo S,S5 oy o 1451,
Gl g3l oo BB 55 Jowe 0jg 5 e A5 inl 4 g a3
oo b 35158 5 48, Sy DC/DC Joe b (235 Jslow (Joe
Dy fralssloas Juaie DC (ot 4 ad,bgs DC/DC

ssbay plas 2 a5 DCIAC Josse g0 5l (&S > g2l 5 5o
el s Toads oolaw Leailoass Jato G 2SIl j5ige 4y ailSlas
i oyl i o5 055 g0 S (S 2SI ey e
ool 028 o JSiS 1) (3 pp 9 (S0 Sl (slog 093 Sl
S 9 S Jenihyns sl 5,095 )3 (S Sl Jomil oo
W,z 5 o550 Ole 48,5 51,8 j970 5 0000 (oS0 S B> ) Az
Syl asei o 5 00 5,095 (SlSe pimwg—w Bi> Cel aS 5l
sl o U8 Gl by oo (2015 5,055 45 00 i
o 4 9,995 059 9 o> 9 ol Ll Sl i plend],
Ivy, velogs

byl b oyg,Si y5590 £95 51 (So S jgga g0 )b cnl 5o
g Wlood Joale e g 2 4 s jsbay a5 —bline
2LiS g WgS o0 J51S g (luilely calilaz sla sl oy
[YY]'*“‘"S@O&‘U ) 9,995 3ko,50

:PMSM ,5igo b (5,00 » J 555 g2l,0 -¥-Y

S il o ((FOC) Glago JS g5 5l a5 sloyp S8
SR eolituls g0 LWl g (39,50 AC j935e )3 &S Cewl J S
lal oS conlaid 5 S oloo | cnl 2 lop J S oy, 055 o
503,5 R w90 Empew 99 Joo 4] Hoige Ban Jae
WS S e 99 Ol S 0 (o

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



current ()

current (A)

3 el sl (3l ST 5 ot

YYAY 50l oF ojleds FA a5 ol 5y (owdige aloee NYAY

Sl O (FFT) 4,88 o 5 (S0 8l 55590 jliam b 2 51l oo
Aw ULP T J&w el 00 solazwl W duéfﬁ Cl)?u.w‘
olas 0 9 FUSS jo Soliwl cdls g0 jo Uas g ol Lyli jo 5

Cwlodosls

LS
W

& T T R B K VR X T - K T N T R
Time (s)
Wl o 58 JBaw ol (I
15 : : . . : . : : :
£
\/
B K T e R R K VR R A K K K TR R TR
Time (s)
(Gl oy jb ST ouds) s cdl> 4o jbaw by (o
B ce g > o s g Il Cdls o 506 aw by F USCS
Y,0 nm ,4liiS 9rpm
20 T T T T T T T T T

I | I i I
112 113 1.15 1.16 1147

11 1.1 1.14 1.19 12
Time (S)
Wlo el 55 jBaw ol o (I
20 T T T T T T T T T

Time (S)

(ol o0 3b ST ads) s cdls 5 jlamw ol >

(¢

VBe s s o 0 U g ol s 50 3B oy 20 JSS
1.0 nm Hluis grpm

s o Baw Gl gl gt Shy gl sl
y a9 hawd Jleel 5l Lol s saums jlas £ S8 098 028 )5
o S1 sl g ol Sl g0 50 j5ige Slan by zae S5O s,
Loz ol b csloads ylo (il 005kl s o ol s ol Lol

4295 b ol g oad odgi IGBT o8 lejd slagdl 5ige 56
& J5ES gyes3 eadly Bkl eadicinlsS s jgliaS 5 ey
Ivy-volss s
b Jlail gl auieis ¥
asllaes y0 DCIAC Juse (s 520 —)-Y

Sl arz 6999 b DC/DC Jars g S shils 5,095 o
s9ba &S DCIAC Juws 93 5l 9,095 (nl (55,2 sl (i yo oo
ol el onds colazul cilonss Jaia PMSM 5300 g0 a4 aslSTos
ol )3 osliial 3,90 5 senlansS oo (So S il pns oS 5
S35 g—ae 7 jeme 9 adloe Wy arte gl £95 51 9,09
(797 Wy e O @ plgioe 5hgml Gl sblze 5ol IGBT
255 o)Ll il 5 5 5y eite (2gy% S Seigele gl gel
5 653959 S5 I o8 ulaal ol yls o 5k cnl (e
Wz b Sl o 0 Shee glp &5 Sl (SLSy 5 Sul (29>
aalllas 8590 s (A0 LSl Bl o o lio (S SN 5500
el 00l oolo Las VIS o

axdllw > s
[ —usde _|
' L
XDl XD2 | 'xs1 'xs3 ‘gms
L11 [ !
R | I;PMSM
2 : :
ps11 'gos12 L | ‘rs2 'xs4 ‘p sb
—_c1 | |
B A
|- —
/ 1GBT slei
K21 ‘A2 'Fsi11 ‘sz ‘Fsss
L21
I
o
8== ‘s ‘gos X s22 'Fsa Pses
172}

axdlaod ygo poiww S 10 HLSLw oY S

oo slbz g pllw gloaddgo (8 ym0 VY
ol (So Sl gy 50 5L Jlail glas plulil 5 (ais
b s 5 e (a3 i 3,5t Ll 5 A
S IGBT g0l i &S solSn aS sl )S3asp Y 0l oo glitio
U lde pln ¥ 5l A & el 0l 2 i9d oo 5L JLal las
sl 5o ol Gl wsben 55 0l Gl Gl ) (o0 @t
S35 g 99b o lolid (SBli> 5 (JUS pitas Lagi oS L]
el o Jdoimends o las glaslxe oauzmy sla g, 5l eolaul o
s ol 48513 () 123,50 a9 5 (ST slallas Lo allie
sl 5 ol sl ¢lp glite Cepm g L gl o
5 Giales] g s 5,90 S1,82,....86, SIS2... S3S4... S5S6

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



3 el sl (3l ST 5 ot

VYAV 50l o ojless FA a5 oils 5y (owdiges aloee N YAY

56,8 slce ﬁwslﬁﬁwlo& S w»dﬁﬁ&
SHgody 51” u;‘ w00l UL..«.; b3> )l L?'?’ @l)lf 9 009 wLm
O PR 4.»..;.»5) 3] d.]a)‘)

(k+ 1ff
Fopen—phase fault = T ()

@)yywﬁ)éww‘wlsﬁfka: Y syb.ibl.ua)o
55 oo dmalons O el 32 b 51 45
2P x N,

fr="Tzo ©)
olass VP o Sldos Loyl 18 cod (G 158Ul 5390 e s N YU alolas o
(S olots Glige lulid S8 ol slacu e jl ol lad i
o s celie 3, Shae s luli Cgz caslio uilS 5 Ll
bk s pl 50 celie (2L iz 5 4590 5 (S5 slalla>
05 o)Lty
s (oLl 59, 25k 5 Sepm oot Jl i g A S8
sl Slolis s3I ool 51 slouilS )5 ams o i |,
o s 3 oS ol sl o ! alie ) )0 o B e
VO TPM  jlade ;5 j5ige oy o S 2SI 5350 (595 2 b e
oolits 1, glacdlo plas sl LuilS )5 05,5 S 5l ums | 039yl

] 00

Under Healthy Mode

Freq (25 12) - 750 r.p.m Treq (75 11z) - 750 r.p.m

SETTHRN [ [T

Freq (22 Hz) - 650 r.p.m Freq (66 Hz) - 650 r.p.m [under kauty Mo (53)

2 1 4 — |

qos . l r— 2\; III ‘ Under Faulty Mode (51,52)
&

o, mm || o ]

Freq (12 Hz) - 350 .p.m Freq (36 11z) - 350 .p.m

S8l 21H5 g alio sbalhas (59 @ ok puw yundd 1A JSS
Alio (pl yo ool (B o Uas o Lulls

lUndcr Healthy Mode
lUnr]m’ Faulty Mode (S1)
l Under Faulty Mode (52)
i Under Faulty Mode (53)
r Under Faulty Mode (S1,52)

Under Faulty Mode (S1)

Under Faulty Mode (52)

- 5 B |

[

FIT (Amplitudé)

e
|

Freq (25 Hz) - 7.5 am Freq (75 H2) - 7.5 nan

e

o
°

Freq (25 Az) - 9 nm Freq (75 Hz) -9 n.m

=
8 &

FFT (Amplitude)  FITT (Amplitude)

=
Freq (75 Hz) - 12.5 nm

o
o

Freq (25 Hz) - 12.5 nm

Gl 2, 5 il sbalhs (g5, 5l e 1A SO
Al cpl jo ouds (B o Uas o Lulils
@ly dlis ol jo o b Byme glas olwl b o5 I8
5 asdllas 350 Slles il Lyl 5 o U 5 oI slacdl>
el T K5, S5l 4 el s ools (Lii A g A sla IS
oles 85 s ples ains oo Lt | et slacdls lacss, Lo s ol

oeilS 8 i las aiz Sl oladiged am isw jo o)l Jglae
ewloadools ylis i

1
Wl Healthy Mode
I Fault Mode

FFT (Amplinde)

d) Ferq(125 HZ)

a) Ferg(25 HZ) b) Ferq(50 HZ) ¢) Ferq(75 HZ)

s g pllw Clo )0 41598 oo 7 U

alo3l 890 Ll 53 piwew gloadlge —-F-Y

@l el 45 18 ) 23550 ad Sl iz )3 150 90 s
VO« ey Uas cilides slacdls ol a8 oo 5l Jol>

Sl 0l oals Las VS jorpm

a) Ferq (25 Hz)

1 ac 03

2 0z
1 < 01
: 2 02
B € o1

' 01

b) Ferq (50 Hz) ) Ferq (75 H) T ) Ferq 125 Hz)
| [ ety vode [l Under Fauty Mode (<1) [l Under Fauty Mode (52) [ Under Faulty Mode (55) [ Under Faulty Mode (S1,52) ‘

FFT (Amplitude)

e calicio cdlo wiz 5 jlams ol 3l 4598 ok ¥ JSCi

25U il slallas s ools mesg Y-F s o a5 sbiles
A}yl.lu‘).ul.’ lem)\ow6uwlf)3 o)‘dﬂ L;»,.W
gl goi iz SV S jo 0l oo Syl Uas ool 5 106 4
5 &5 4 dxgi b aS Cul oad ool lid pacew sl wilS 8 (g9,

Syl galaine jlade o Uas IS

b Jlail glas o Lulis 5951 -F-¥

sgkaieds Hoige SBaw Ly 5lad Gl L8 Ao 0 SaS les
gl IGBT L Jlail gllas olulids 5 (acseid Bas 4 (aew,
Toe JS5 (Shs 40,98 ot S el oo ooliul 5lls ae
Dogo b 5 olle Sllee L le o2 Slaalio sl 5l Gl >
® P50 5 dudo sl las SLulils § jarsid gl ol (plaS' 288
sk
Bas sl plgiges (dlS 58 50 5l aS el S3aie Y Ll jo
o5 S 5 iz s dly 0 0,5 ool lns a5 olulis
5025l ceslin s akits s Slolid augy ol a5 an
Sy lin cpl o digd oo los Llolid aw gy b osle g
oz lo Ll 5 aseid am g sl 5550 sla s B Ll

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



3 el sl (3l ST 5 ot

VYAV 50l o ojless FA ol 5 oils 5y (owdigee aloee NYAY

omas aSeds 3l ooliwl b s oluls ¥

L Yais oeas 4b —)-F

Olgieay Pittss McCulloch lawgs VATY Jlo ;o (g i n pogie
WYz Goyipwn 4D Sy Sl oad Wl egian (5,90 Sy
Ol s e LS Ty (o5 5 (59905 Sl Gl (b é LS
o el sam s S ¥ w08 e slagyg s Jlail Gayb 5l Jee
b e S 28 1l g 0 po (Si9 welpd 0 98 B (2P 0eh
Sl (g sy 4 G239l Al yo 50 09500 0315 (5395 Slsieas
3550 ki (Sl AXd (Sl (y9 e O s 00ld (el
Sawi Sl by g 93,5 Jlao Bas g (Aed (295 o sl &5
5l el 00 S s 51 A (g lade 4y (hygel ilado
oatiay ;25 Slag39,5 5y S e Bgel Sl como S5l sln O
48,54 slassgg 5l Dylite lasgyg cnl 0gd oo Jlosl a5t 4
St (e SloeSd bjgel Loges aitd ad b0l alb 5
LYFlasl oo lons sl puite 3laws b (6 5lodings aliucs S5 5 o0z
a5 ik s (sogy slaaY jl aVar orac 4SS
o J5 Sl pasin slagygp sl el S e a5 (29>
ol el oads eols e VY S o eae aSll sl 00l
Y g b £o hlo Jgl Y a5 Y ¥V L uae 4t Sl dllas
Jlast gl Lol 5 (g3l 80T (sl ol o el ¥ (gl pgo
el oas oolawl b

Hidden Layers

wYis mas a5l HLsle giale Y JSS

b o Lolll no 5981 g 6551wl -Y-F
0 hym ) Oygod b gandib 5 olulil Gl agy
Uialesl g cad 9,40 S1,82,....,56, S1S2... S3S4... S556 (slls
o laid 5 ,a055 (29,5 5 e S Ll Sl oled 08 (o0 18
emas 8 (2, Sl ol ool Lzi VY S o Uas e 6l
Uas slacdl> slows 4 o olaws 5 aiboo b slael & jgoa
Shles Lulis g0 ;0 a5 0500 e alie ol o 0l Sy

ehB eaumslas o ls 029 g A JSE jo s g Wl sladl>
pled plaz o sl dlas cpl j0 00l Bire gl Slulis 56!
—as d&a_w w); 6La>a.>|o QL\A LSJLM:W J._M:L\‘SA ).;@)_M:
VY g Ve Gl Sl jo Sglaie slo )b g glie slace o El> o
aS oz alizes lacdl s ool ool lins calizes Cgz g0 po
abal; (ioles jolaiedy Ceoud pl jo cogioa il Byxe V-V iy o
il 4 3555 on 5 o) 90 bl ol oo s
P ) GO A Dygody omac a0 o T slaosls plad ol
Olid G D ygods |y gmae aSill gloosls VY g Ve S gl
Vg Ve ISs o a8 ools le s 8 adail ) b Billao .ans o
Jo 50 omac & g o5 @ azgi b udoren 5 0l cols LS
QO obiw s Glp aYais piac aSl jleslain 1o o e Plus

Lol dzgs BB alae ol Gon

Armplitude

2}

Amplitude

[NIN

o

BN SR s
e ke
S 7 2

=]
3

Data Number

Frequencies

Ggliso o)L o Wodls yleo SLbgmen Ve JSCo

N @

Amplitude

=}
So

= o

Amplitude

[N}

N}
o

Data Number

Freguencies

Gglao (g yuwyd Wodld (yluw (Lo gumod 1Y JSCi

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



3 el sl (3l ST 5 ot

VYAV 50l o ojleds FA ol 3 5 oRils 5y (owdiges aloee VY40

Training: R=0.99998

Output ~= 1*Target + 0.0001

0 02 0.4 06 08 1
Target

(A A5l Sy 3l el Cawddy yguaw 5y 1O S

Jlail glbs Sglite blyd Cod orae a0 mld g (o295
ol 00 0351V gz 50 (S iSUl 5,055 DCIAC Jows 5o 5L
s 4Sod lp (295 VS olwlid 3l b Gl
Jlasl gllas SLulis gl e oo 1) b 29,5 cpl .l oaipodass
45010 )] 3 oolinuls e s (o ,Salgpl 5 J S alins (izean 5 5L
ol 00l 08 )51 Y Jaaz j0 cmac aSi bl (gl Uas digad
S50 Sl & plod ccwloa_Bools i Jguz jo oS jsblen
el 43T 18 asis g olulis

(mas Al S 3 OMT&MQQ &> 9> \ Js.\?

S36 | S15|S34|S1,2| S3 | S2 | S1 | Ju| W >
| . ) V >eS

) . ) Vs

) ) | ) L yes

) ) ) ATy

) . ) O >9>

) ) | ) ) o>

) ) ) Y 2o

&5 At b
Jowse O IGBT o 5L Jlasl gl oluliss 5 jaseis @llie ol o
Jowe 88 18 swipojse (SOASIL gy0e5 S DC/AC
PMSM 5350 <SG 51,8 ;0 g 009 5L anie j3 900 g4 51 oolainls jge
6l b Jlasl gl oLl oS G ol 3,5 )1 3 ooliiwls a0
o wolpin plobs S SIS cl sad Bme (SO ST
Ol 4t &S CBS JIE Sl g e Wbz 5 (S
Sl 0dg MwLa)

5 Lo ol (sunainb sl (o 4o 2,050 5l Lules
255 s 230 L las Y pled el oo oolawl o] olobis

2 498 had bl (295 VoGl (pas aSLD o Sinla
5998 s Jloel bz moe IS8 595 2 pie SO BB Ll 10
Wlie ol jo oo B 5L Jlasl glas SLlulis 6651 5l oolarl b
Healthy Mode- Speed 35(? rpm - Target = 0000000

Healthy Mode- Speed 550 rpm - Target = 0000010

Speed 450 Faulty Mode(S1)- Speed 6&:30 rpm - Target = 0001000

pm

Faulty Mode(S2)- Speed 450 rpm - Target = 0001011

Training Data
Mode 1

Speed 550
pm

Torque
constant

Faulty Mode(S3)- Speed 750 rpm - Target = 0010011

Faulty Mode(S1,52)- Speed 450 rpm - Target = 0100100
Faulty Mode(S1,S5)- Speed 750 rpm - Target = 0110110

Faulty Mode(S3,54)- Speed 650 rpm - Target = 1010011
Speed 750 Y\
pm

Faulty Mode(S5,56)- Speed 750 rpm - Target = 1101101

s 52 (gl i do (o295 9 v Cond Ly VY SO

mas 4o Cau i -Y-F
Glp oige ol jo wiloads B VY JSE jo a5 alize (gleog S
ools ggaze el a8 18 ooliiwl 950 as ASS Cany
Slp oyl 5l sae VY S Al go dae VY allin ol jo Cousyge
b e slacdls gl byl 5lsse VYo g Sy puss slacdl>
ab o allys 5 (S5 5k Jlail gl g5 5l eon 590 slallas ol
YO g omas aSGS Can i 6l bosls cpl 5l asye VO el IGBT
S8 ookl 850 cmac a0 Cond gloosly ylaicds ouile Bl ws o
ma Ah S & Sugs b olulid (o5l leslinl 5l as
Vo oras oSl o sl isolerin () 5l Glebl (sl o 500
Go 50 AV 88 saslaww oay gl s 1 aid T 13 olosloee b
Al Cany glrosls gumai b VS e Taid b ol e 4 |

A oo slid |, ouac

140 :
©  Actual % )

120 < ANN S e s ° " ]
7 @ ® = L @
2100, ®* = ® ]
8 ® = ® g : L o
S s0lse ° e P

& ®
% 60 s 4 B . @& ]
s ? e = ® =
% 40+ . - LA . 2 b
< @ ® @ 2 "
® & ®% g 2 %
20 " ® & e © ®
® & 2 L &
0 B | 3 ;48 @,
0 20 40 60 80 100

Sample number

s a8 Sy gosls VY Sl

uLaAoJ VO J—i‘j’)‘)‘ s 2545‘ ,wf)l&obsa‘.\a]wod.’uw;)

U PR WP RY

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



)L JLaJ| 6”"5 Lg)‘L..v)Li.i)Tj EVE A}

YAV 5l oF o les FA Gl 3 55 oy (5, (gwdigee aloea N YAF

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Milad Falahi, Hung-Ming Chou, Mehrdad Ehsani, Le Xie,
and Karen L. Butler-Purry, "Potential Power Quality
Benefits of Electric Vehicles", IEEE TRANSACTIONS
ON SUSTAINABLE ENERGY, VOL. 4, NO. 4,
OCTOBER 2013.

Omar Hegazy, Joeri Van Mierlo and Philippe Lataire,
"Analysis, Control and Comparison of DC/DC Boost
Converter Topologies for Fuel Cell Hybrid Electric
Vehicle Applications”, 14th European Conference on
Power Electronics and Applications, 2011.

Mario Marchesoni, and Camillo Vacca, "New DC-DC
Converter for Energy Storage System Interfacing in Fuel
Cell Hybrid Electric Vehicles" IEEE TRANSACTIONS
ON POWER ELECTRONICS,VOL.22, 08 January 2007.
Zedong Zheng, Kui Wang, Lie Xu, Yongdong Li, "A
Hybrid Cascaded Multi-level Converter for Battery Energy
Management Applied in Electric Vehicles", IEEE
Transactions on Power Electronics, VOL.29, 2013.

Omar Hegazy, Joeri Van Mierlo and Philippe Lataire,
"Modeling and Control of Interleaved Multiple-Input
Power Converter for Fuel Cell Hybrid Electric Vehicles",
International Aegean Conference on Electrical Machines
and Power Electronics and Electromotion,
ACEMP), 2011.

A. DI Napoli, F. Crescimbini, F. Giulii Cappon, L. Solero,
"Control Strategy for Multiple Input DC-DC Power
Converters Devoted to Hybrid Vehicle Propulsion
Systems”, International Symposium on Industrial
Electronics, ISIE 2002.

A. Di Napoli, F. Crescimbini, S. Rodo, L. Solero,
"Multiple Input DC-DC Power Converter for Fuel-Cell
Powered Hybrid Vehicles", Power Electronics Specialists
Conference, PESC 2002.

A. Haddoun, M.E.H. Benbouzid, D. Diallo, R.
Abdessemed, J. Ghouili5 and K. Srairi, "Design and
Implementation of an Electric Differential for Traction
Application”, IEEE Vehicle Power and Propulsion
Conference (VPPC), 2010.

Bekheira Tabbache, Abdelaziz Kheloui, and Mohamed EI
Hachemi Benbouzid, "An Adaptive Electric Differential
for Electric Vehicles Motion Stabilization”, IEEE
TRANSACTIONS ON VEHICULAR TECHNOLOGY,
VOL. 60, NO. 1, JANUARY 2011.

A. Haddoun, M.E.H. Benbouzid, D. Diallo, R.
Abdessemed, J. Ghouili5 and K. Srairi, Comparative
Analysis of Control Techniques for Efficiency
Improvement in Electric Vehicles", IEEE Vehicle Power
and Propulsion Conference, VPPC 2007.

Ahmad Asri, Dahaman Ishak, Shahid Igbal, Mohamad
Kamarol, "A Speed Sensorless Field Oriented Control of
Parallel- Connected Dual PMSM", |EEE International
Conference on Control System, Computing and
Engineering, 2011.

Matheus Alexandre Bevilaqua, Ademir Nied, José de
Oliveira, "Labview FPGA FOC Implementation for
Synchronous Permanent Magnet Motor Speed Control",
11th IEEE/IAS International Conference on Industry
Applications (INDUSCON), 2014.

Fatih Korkmaz, smail Topalolu, M.Faruk Cakr, Rza
Gurbuz, "Comparative Performance Evaluation of FOC
and DTC Controlled PMSM Drives", Fourth International
Conference on Power Engineering, Energy and Electrical
Drives (POWERENG), 2013.

D. E. Rumelhart, E. Hinton, and J. Williams, "Learning
internal representation by error propagation,” Parallel
Distributed Processing, vol. 1, 318-362, 1986.

OOl podle gunaiils (pl 283 18 Qlalid o505 anakb
e Gl 508 Sz gl s Cond g 5l aked ) oledbl

555 1,8 ool g0 ilg3 so oass]

6)‘}5 wl*...“

O ol sl e g Sladllas S 0 Jbo colom bojg, (ol

(1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

sl o plonil L

&=l

H. Wang, M. Liserre, and F. Blaabjerg, "Toward reliable
power electronics-challenges, design tools and
opportunities”, IEEE Industrial Electronics Magazine, vol.
7, no. 2, pp. 17-26, Jun. 2013.

E. Wolfgang, "Examples for failures in power electronics
systems", ECPE Tutorial on Reliability Power Electronic
System, Nuremberg, Germany, Apr. 2007.

F. W. Fuchs, "Some diagnosis methods for voltage source
inverters in variable speed drives with induction machines-
A survey", IEEE Industrial Electronics Society Annual
Conference, pp. 1378-1385, Nov. 2003.

Friednch W. Fuchs, "Some Diagnosis Methods for Voltage
Source Inverters in Variable Speed Drives with Induction
Machines A Survey", the 29th Annual Conference of the
IEEE Industrial Electronics Society, IECON 2003.
Ui-Min Choi, Frede Blaabjerg, Kyo-Beum Lee, "Study and
Handling Methods of Power IGBT Module Failures in
Power  Electronic  Converter  Systems", |IEEE
TRANSACTIONS ON POWER ELECTRONICS, VOL.
30, NO. 5, MAY 2015.

L.Mohammadian, E .Babaei, M.B.Bannae Sharifian, "A
New Method for Modeling Bidirectional Buck-boost
Converter by using a New Form of Signal Flow Graph in
order to Employ in Energy Management System of an
Electric Vehicle", Tabriz Journal of Electrical Eng., vol.
46, no. 2, summer 2016.

S. Saeidabadi, A. Ashraf Gandomi, S. H. Hosseini, M.
Sabahi, "A New Improved Three Phase Hybrid Multilevel
Inverter", Tabriz Journal of Electrical Engineering, vol. 47,
no. 2, summer 2017.

Chengguang Huang, Jin Zhao, Gen Tao, and Wu
Chaorong, "Data-based Inverter Multiple Fault Diagnosis
for Vector Control Induction Motor Drives", 25th Chinese
Control and Decision Conference (CCDC), 2013.

M. Aktas V. Turkmenoglu, "Wavelet-based switching
faults detection in direct torque control induction motor
drives”, IET Science, Measurement & Technology
Volume: 4, Issue: 6, November 2010.

Chengguang Huang , Jin Zhao , Chaorong Wu, "Data-
based inverter IGBT open-circuit fault diagnosis in vector
control induction motor drives", IEEE 8th Conference on
Industrial Electronics and Applications (ICIEA), 2013.
Tianzhen Wang , Jie Qi , Hao Xu, Yide Wang , Lei Liu,
Diju Gao, "Fault diagnosis method based on FFT-RPCA-
SVM for  Cascaded-Multilevel Inverter", ISA
Transactions, Volume 60, Pages 156-163, January 2016.
Sherif M. Dabour, Mahmoud I. Masoud, "Open-Circuit
Fault Detection of Five-Phase Voltage Source Inverters",
8th IEEE GCC Conference and Exhibition, Muscat, Oman,
1-4 February, 2015.

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



3 el sl (3l ST 5 ot

VWAY 5l oF oleds FA alo oy 5 olKls (50 (oot e VYAV

Low e y)

©CONOOA~WNE

Insulated Gate Bipolar Transistor
Voltage Source Inverter

Direct Torque Control

Support Vector Machine

Fast Fourier Transform

Relative Principal Component Analysis
Space Vector pulse width modulation
Permanent Magnet Synchronous Motor
Field Oriented Control

Tabriz Journal of Electrical Engineering, vol. 48, no. 3, autumn 2018

Serial no. 85



