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Condition Monitoring and Fault Diagnosing of Vehicle Electric Alternator using
Vibration Signals and Adaptive Neuro Fuzzy Inference System

M. Nouri Khajavi and A. Rabiei S. Nasiri
Mechanical Engineering Department Mechanical Engineering Department
Shahid Rajaee Teacher Training University Sharif University of Technology

(Received:13/Febuary/2015; Accepted:22/December/2015)

ABSTRACT

Electrical Generator has a vital and important role in vehicles, especially the vehicles with Multiplex data transfer
system. Developing electric malfunctions can cause catastrophic damages to other electric and electronic systems.
Therefore alternator fault detection and monitoring has a significant role to avoid developing faults in other systems. In
this research alternator fault detection and monitoring has been done with data extracted from vibration signals using
Adaptive Neuro Fuzzy Inference System (ANFIS). To accomplish this task, certain faults are made on the alternator
deliberately. Then vibrations from each specific fault are gathered and stored for subsequent analysis. The faults consist
of: one phase disconnection, disconnection of positive voltage of regulator, burning of one and two diodes of rectifier
set. The vibration signals of healthy alternator as well as different faulty states are gathered from two piezoelectric
sensors mounted on alternator body for 30 seconds and 1000, 1500, and 2000 motor RPM. For analyzing vibration
signals wavelet packet decomposition in level one was used. The mother wavelet with maximum energy to Shannon
entropy was selected as the best choice. First and second energy bands were computed and used as the feature vector to
the designed ANFIS. Results shows the proposed ANFIS model was effective and it could predict different faults with
perfect match.

Keywords: Fault Classification, Wavelet Packet, ANFIS, Vehicle Electric Generator, Vibration Signal
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2- Fuzzy C-Means Clustering

3- Generate Fuzzy Inference System(Genfis3)
4- Anfis

5- Root Mean Square Error(RMSE)

6- Mamdani

22 5l gd oo aBlis Gl Soge plias a5 pg0 g,
Dedge 48,5 Sge Vb LuilS B g Gl (iS5 > g0
Gllae JUuSKew w0 51 gyl Hloges (g, opl L5 L
5 Sl S ga 5l Gaagh opl 50 wlse Cavotr & S
sl 00 o0l JiKw 43355 (gl SO mlans

ol b oslo gaduaidb -V

5 bosls I glacgame il sl LK }_:Jm S
Bged 3l (@9 Oliee 5 &9 B ) Alideo 5 polae slacdl>
S9d o gl el lej]

L ot

i 1
\@WM«AA ottt | D
H G H G
ey HPMAD propr D st 00
H] G H] G H]G HlG
AMAR ) MD ADAS 1 ADD DAAT 1 DAD DDA 10D
res i M‘M WM‘* hhl e )
Hl G

“@mwkﬂﬁf@@@AMﬁ;@i

AMA AMAD AADA AADD ADAX ADAD ADDAADDD DAAA DAAD DADA DADD DDAA DDAD DDA DDDD
S ge Sl a5 loges :(O) S

1y ools ol olgs oo samasls sla s, 5l eolasul

G £ a5 dm Jole 0 05 el attie olbaslb
as oleesls wil asiel oyl e b 00g polasls
PRaslesl wigai 5l as Sleesls b b Wgd o !5l
U'»’o‘ 6‘)" Q“'ﬁ) u.s).’wl.w .\J}w A.M.\.\Ln.c ol 00 C‘)Jr.w‘
coe el b polasl g anail anslie g5o9e
by b ooge g9 Colesye olan U oS ol sielign
Aadign slaailels aSlxl 5l 0,6l Cavoas |, calites Lgue
358 58 5 3 Shac i 5 ol pc 3525 Lyl 0
B35 (G o omas saSll Lol laciols 4 ax gl
JICIPE =P NIRCHT-R I KNI
oy ils l eolainl s 558 sbaibls Lol cools
Gk (al )3 w795 5 6959 O Al 0051 Seway o
Cpe ganaib gly e -l wadse oSS
ezl 0 aid, ey el aSll el oud oolaiul
s 3l g ool bl Cdie asliy jo (pwwgiaS hg,d


www.SID.ir

VWA liasls Yo lods A Yals Ladlss SolSe imghy - cols asbilad

aA

i=Q=w;=. aY)
wi
Z?:lwi

I ol oas ang colad azys Wy walal, cnl o oS

2z aY (nl o oS )k Y @
el 0] Cawdds (VF) adaly & g0 0,5

i=Ql=wfi=wp+aq;+. Qh9)

1)

ool 'l blse S =Py qi T} asgere
N9l oo

Sade a¥ pl s i g Glee S e Y @
dle (10) alal) &j50a 05 0 2l (295
(Csld 9,5 slass ply olawd) 0l
Q7 = (\0)
1 Wifi )
gy alize elgil (talesl Gululy Cugae gl ol
oghe gy o5 (gae nl 4 0pFee Djpe Cupas
ool Joo 5 85 (o0 )13 (g 3550 Allaz pluS e
Gigel wllar Ojgon capae il el e ol
dlio oo b Jol> sladoe oz lime (bl )0 i o
Ol (iS00 ) S (i (eSS &5 (b g 0ediee
A5 aslyS 038 p Cugde i plyeds S Lol gl
[yl
gt S gl ead b el Joe VO SE
loaes Lol (el hgy wesee ol 1y sl
5y 3l S A5 ablie T by, omae — sl
ol isel wilige s Slas S 5 s Lasl
sloosls sl eolanul LS cenl pgppe pl 4 baalels
S Cugas @y 4 bype s nd byl (55
O Sysb piler aY b slayll g sl aY e
39% Jol> wollae (29,5 wlss 539y lila a5 s
Dol
395 2L (oras 51 GlaaSid wl o)lil oS sk ylen
il 5l ool b aiadisn howe bbby sbxyl 4o
sohiedy cmas (638 glaaSin 1A wles S ol Ol )l
S 5 s sl w4

Szge jl oolatwl b Gadow pl j0 b colaiwl 9,045

1- Pursuant Parameters
2- Hybrid

S5 XY (63955 99 5 3B 90 b s ol sl 00 00 ]
ol ¥ Jlsle glls f Ty

7SS @il ool >k oras —(56 asil LSl
DVl clonss JSas 5 e 0¥ b

wa..a.c az,0 c\.‘Y Q"‘ 39 1(599,9 le.ﬁbo)f ch‘ AJY °
oolatnl b (55 calisre slaol 4 (99,5 oo ,S

(A=Y ) L)) ab asuie Cogace &b )

i=Q} =. )
Hai ()

i=Qf =. O+
Kai—z(x)

"Jf C)] S Cogace &b IS 00iiS s e)f 2 olge
Ole ) daly g 56 gladegome Cogae pl .l

19

Hai = -« [QRD)

@

1+(X;—ici)2bi

5 o34 I 0,5 4 (99,5 ,lade X alwl, cpl o aS
g oo 0xal das Jolge S1 = {ay, by, € }acgomo

a0 0,5 o aY pl o icacll sloSipge Y @

(OY) akaly) AJLN«;" dwlo |y 9B SO codlad

QF =W, =y, (X) x . ,i=1,2 Ov)

.UBi(Y)

5 Aj dsgeme 0 X Cugas az o iy, @kl cpl s oS

ool By acgerme ;0 Y Cugac ax o fp, (V)

N
Jol asy P)l\ia“l
: pgs Y Py &Y ¥ v
BTN ATV TR
R4 A ) Wy ey
4, =
[BR 2 | —
f /

y ' " Y \. wyfy )
S O=—O={g
el 5L 1(8) U

w08 eal T Y ]y lawgle oo S g Y @
ax )0 ggezme a1y ol 1 gl Cdled ax o Cos

g s


www.SID.ir

19

)‘ oolaiwl L) 5)09} é_v)&l )94‘))) @l)u&-c 9 Wj Uw.)l.)

05 oolital gl Cges wwd B Al 3 il
Voo higel ools B Lol (39,9 410 98 5 el Joe
Slp 8 ojlail plgiea /o) adgl Jlade 5 (bjsal o9
Gamaib abls Lk als LS bl 6,85
A plil Cdie (5513810 5 Aty )0 (s 505 D jg0dy ]
A S5 Bllae oK sl o obipnl oy90 Vore bl o

Sl oy

Gl VIA JUsS 9,00 Srse 5 S gl o slat
9 demloe JUSo Vo0 5 6l 090 5 Jol (S B slail
S i a5 0oy 4y il & (63959 S0y Oy
el i3 90 4 B Jsaz Bl sad bl LSl
Uinlesl jelateds LY+ g (bjgal jelateds laosls 7Y o
Uigel Ul sl 5950 slaesls .cd S 18 soliiwl 0,90
Dol ol dolas & jgoar islesl
g omedl Jow 6 ,50b slp cig0] (slaosls acgame |
Joe opidu il g CBs wp Gl siulesl slaesls

255 drlons 1Y) Jgizr

& 55 al s ) 55 wb o QRS al s
BYVSIYAY YIA JUsS 555 ToVATES Fodiss Y0 AT IR
Fraos A FIF JUsS 550t Yor-/\ra dedisss FOVV/VAA Yol
YOOV/YYS DD JUsS 555 FOVVVAA ¥ Gorors YONF-f ¥ sl
FEVE/ES) FIN osSoe JUsS 5500 VTN ¥ ol ¥a)v/a¥e #rsls
ooy VY osSne JUsS 5590 FOVYITYA B amons FOIY/APF Az sils
¥-£51599 YI¥ osSon JUsS 55 VYT s FOVENYY Ve sl
YAVT/AAY VI osSan JUsS 555 FOVVIV-Y Aorors vy Yo sl
FAYY/SY FIF osSn JUsS 5500 YOro/008 5w VY)Y Vel
FIYA-0 YIY osSne JUsS 559 FA20/70) VY U550 VYT Yediss
FYTUAFE YA osSis JUsS 550 BOFAITAY YIF JUsS 5500 FOVENFY Yodiss
o9ls 29,8] b 1Y) Jgua

o9ls (55 ) opkd 35! ab gy o9ls (55 )
SYABR-Y YIA JUsS 555 FYYE Fodiss PACAY IR
FVEY-F F/F s 550 TeY-va dedisss 6PV VED Yol
<J5 - OYAY DD JUsS 555 -JOFIVED ¥ s JEAF ¥ sl
s FIN osSon JUsS 5500 FYVESD ¥ e FEY- Y # sl
Y- YFY WY osSae JUsS 55590 FPAGYY B omons SFFEAYD A3t
NPY Y YI¥ GosSine JUsS 5,500 NN s SFYEAEY Ve sl
VYYSY XI5 s JUsS 5o BTy Asroms S/F- YA Yo omsls
-[a¥ARA FIF s JUsS 55,500 - FYSOFY 5w - JAFABYA Vel
-AYAAF YIY. osSne JUsS 5 /5 ADA VY JUs5 55500 SIS Yedass
SAYYOFY YA osSon JUsS 530 S TRYYY YIF JUsS 5500 SFEFEYY Yoliss

(09 (a9 & 55 S sl 1(F) Jgor

4 55 od 4l sy @ 55 o b s @ 5 o b s

OPLE (295! OFLS (955! OPLs 955 '
YY-0N YIA JUsS 555 1-0-5108 Fodess FEYVIVAY I
VoYY Y ¥F JUsS 555 V-YEAYS Dedisss A-Y-I555 Yrslo
BAVS/AYD DD JUsS 555 A-Y- 1955 Y s AFAV/VFY ¥l
APETIA FIN ogSinn JUsS 5500 A¥a-/oTY F s TR PN
YavABYR V¥ osSne JUsS 559 A5V B erors V-1 FSI0A A sds
BYYANF) YI¥ CosSine JUsS 53,30 Ry # s T Ve mls
OFFVVED XI5 s JUsS 555 \-YOv/ Aerors VYAV-Y Yo sl
AVAV\OY FIF osSn JUsS 550 YY-YAVA e AYYO/FaY Vedisys
£5-0/-a7 VIV osSn JUsS 530 e VY JUs5 5550t BAV/RAY Yediss
FOFA/AFA YA LosSis JUsS 5500 VADF/FY YI¥ JUsS 5590 V- 1PVIAA Yol



www.SID.ir

VA5 o limls Yo lad O Vals Ladlys Sl gl - code olilad

I3 eyle ol jhd gg, Claslin 4 ks, gbbosls
il jho & S35 jho Sile s 4355

=l oA Jolom o cadesly las plazel il
093 V0N gVe e (olayes o il Joo suadil
olasgl gl o gyhd polic ams oo lud 1) aads (o
Ao o Hlid | e oul (goi adl sladiges dlass

S ds og polasl g IS gandad cds ol
L] s gunaids s abls o Slos s sl (s be]
1gdoe iy p) Ojped ba)le o
2 e dble e it Gpaeal Sl icpwles
Kn e Moot S sl
e Aol ooro Aie SBpaaal slass 1 y0g colais]
5 S e Sloass S olass
P et o Spreal slasd IS sanail cds
o slaproal JS olass

Jade g el osel 4 JSE o Uas ol Sgtann loges
plp ez Ol e (oSl el /Y 54V Ll jlso 8l
MV CWAYVRYA SYA & ¢

Error: mean = -0.030339, std = 0.20402
40 T T T T

0.4 02 0 0.2

Aoz ol Sois jloges :(]) S5

6&Q&gb G%ML¢> ﬂ Jj&? 6)u1 ﬁQGA QVLJﬁ

D0 S e GBS ahad ol Ll il gl ]
W oy Veor i ga jeiVeT ) ahad W0e0 g0 g
ol Cawdds doys Vot oy Ve ey Ve o
Cawddy do 3 A0l il IS gunaids s yioren

Sl

Yoo
63333 S pds @l oeild PETYEONTYY |
[ERLEL]
el
O ®

D915 Shiows Gl eoleiing ol Jow (V) S5

o iesl adly sl

1 ! I I I I I ! I I
0 100 200 300 400 500 600 70O 800 900 1000
a38°

coigel Jolre 5o il gl 1(A) S

coimlesl g ooyl (slasols slows :(0) Jgua

Yooo VO - Vooo

5 K

(RPM) | (RPM) | ®RPM) | 77
aools

Y. Y. Y. 6. ° )
oPigel

aools

\4 Y. \4 e B
b
\ Voo \ ools J5°

ol s (2L 5,1 -4
o el G ple ) a5y el 4 b)) sl
5o Lools 108 o oolatul g8 co 00sd F-A Jolam o
@ Joux plazél pwple S sl ad 3 15 s M
S 8 el ol el sl MXM o5l

1- Confusion Matrix


www.SID.ir

Ve

wjl oolinl b 5,095 (84 581 y5il5 (plbicws 5 Sands b

s )0 590 Voo j90 sanail s ((A) Joua

I I R S e

JENIESS IUNI e R NS I ORI
KPR 58

Y- L

oo Sy adad

v S g

0%0

Y‘ . . 3 50&59“’

0%0

v : : : : 25Y5S ) alab

alolw O)S.Lo& Cyers 6‘)—.’ 6)L‘°1 LQL“)L:-"" :]) Jg»

L8850 )0 490 Ve e 90 g0

Z9 SLosls f (Kcon 1e-N o S8 il
Uigel lesls (glp wBua ooty b il asll
] Cemsty +JARYY (imles] slaosls sl 5 +/AAVYY
2 Gyeel 5l o eadeslatwl wsS Cogas wilg 5l sled
ialejl sloosls ganaib ass ol snel VY JSo
el T WSS 5
oala Voo alod 09l oo cdaline VW S jo a5 j5bylen
I sl oo ools 13 kil g did 0,0 (iolejl
IRV Al o olaal 4 Y aib 4 by ool 5l (S
@ Lo 2l @rSoslal oyge Ve 4y azxgil ol as S
797 9 By o7ar amlie plls Lo g Gl gie
Ghls (smas - (g5 4l aS o o Lad VW S o asls
3 AD (29 A s (Ml (255 5l (eSS )i
el gae (AT S )90

ABES 10 590 Vet 50 gamail bl i(F) Jgo

Tl e Loz il o
(S s = KWW IWes T T
Qo 3639 G
KW
Yoo Yoo ol
AAIYO 0 3B S akad
\ \ 050 Sy (i guw
a9
\ \ D 98yt gu
) ) s5YsS ;) lad

gl a2t R=0.98171

1 1.5 2 2.5 3 35 4 45 5
wHas

u...,?.éj‘ A )'| =9 srosls O M :(Y+) J&w
covygel sleesls gl p Ban slaesls b

ebdT | g | (g | gl .

o sllac 75,5
28V, | g g0 < S| el

KPR 58 =

Y. ol

WLy | b ks

‘. S g

Q%Q

Y ’ - - - 50 PB—”

Q%Q

R

ABBS 10 590 V0 v 50 gt i (V) Joua

ghd | e | ige | ahad

JPYSS, | oo g0 Y S| e | oslladl (9,5
KPR 58

V4 oo

Y. \ 58S alad

‘. S g

D%D

Y. . . . 99 U:‘?}“’

D%D

Y- . . . . )935/55) é_]a_g



www.SID.ir

VA5 o limls Yo lad O Vals Ladlys Sl gl - code olilad

S5 A -
0P Glheee g Sandy b Gegh opl I Saa
bl g il )l o JUSaw 31 oolatwl b 5,095 (SS iSUI
lool asbios (el (38 - prac anda gzl
ool (3B - mas aSS gl sl (69955 Llop
Jlosl (30l 5 Gialosl (sl ouis Aol gl 4y Jlais 50
—aib Covlis a5 wes o lis Giegh cpl w8
GBSy gkl b luld 6l ad b ekl ok
ca HeYsS ) wlad wns 90 (e wpd Sy (g
doyo Ve oy W woyo Ve

Wy Ver oy Ve

w0y Al el (IS sunaib Z8s ues
a5l ey slrosls o (Ko ol pogdle ol o
5 - AAVYY el sloools (gl wam (glaosls b o i
ol mls el cwsay H/AAYY bl slassls (sl
albebe )0 pbows pR)Nl Dot Wlgioe gk
aSed axly slog 093 A (35 10 90w b g Hoige Cu e
Olg B adl adls Cge adge 4y adeis o SLLs SWS
35V Hea> )3 6yl 5 6L Sl SESS pegdle
laoaiSBpan lp 1) gperdoeis sy gl Ju8
Sad Sllags 5l egycnl 5,8 ol (Soig iS5 (So ]l
Sl 5a5 5l alpli 5 0l 655 sl 95155 sudss 5Ly
SxSelx 9)095 (S pSll g (oSl slaise a sud
2O ST slagiash o @S ssdiee Sl Ssdse
9 ,5bl 5 )55, Emmew 00djswens BSus )l alolisS
R son 9 Sou g elE) (SEe s e

=

Ry

&= -\

1. Mitchell, j.S. “The history of Condition Monitoring
and Condition Based Maintenance”, Sound and
Vibration, Vol. 33, No. 11,1999.

2. Liu, T.I. and Mengel, j.M. “Intelligent Monitoring
of Ball Bearing Condition”, Mechanical System and
Signal Processing, Vol. 6, No. 5, pp. 419-431,1992.

3. Vong, C.M. and Wong, P.K. “Engine Ignition
Signal Diagnosis with Wavelet Packet Transform
and Multi-Class Least Squares Support Vector
Machines”, Expert Systems with Applications 38,
pp. 8563-8570, 2011.

4. Ebrahimi, E. and Mollazade, K. “Intelligent Fault
Classification of a Tractor Starter Motor using
Vibration Monitoring and Adaptive Neuro-Fuzzy

h]

Cesal 4,

Sewd 231> - R=0.98023

4.5F

w
] [N
T T
a0

il
[#]
.

OOV,

150 L/
t 15 2 25 3 35 4 45 5
(ELRV

L el 51 (2,5 sloools cpn (Sian 1(V)) S0
L}“”LA)T saosls L?‘)‘.‘ o laosls

[T JERYY
P

Fof lE 125
A

g

nt ot

il o 4Bl ol

10 20 30 40 50 60 7o 80 g0 100
Lzasls

o] ‘_,i:.il.aﬂ sleosls ganaid ass : (VW) b


www.SID.ir

\-.

wjl oolinl b 5,095 (84 581 y5il5 (plbicws 5 Sands b

10.

11.

12.

13.

14.

15.

Inference System, Insight-Non-Destructive Testing
and Condition Monitoring”, Vol. 52, No. 10, pp.
561-566, 2010.

Rafiee, J., Arvani, F., Harifi, A., and Sadeghi, M.H.
“Intelligent Condition of a Gearbox using Artificial
Neural Network”, Mechanical System and Signal
Processing, Vol. 21, No. 4, pp. 1746-1754, 2007.
Wu, J.D. and Kuo, J.M. “An Automotive Generator
Fault Diagnosis System using Discrete Wavelet
Transform and Artificial Neural Network”, Expert
Systems with Applications Vol. 36, pp. 9776-9783,
2009.

Wu, JD. and Kuo, JM. “Fault Conditions
Classification of Automotive Generator using an
Adaptive Neuro-Fuzzy Inference System, Expert
Systems with Applications Vol. 37, pp. 7901-7907,
2010.

Gao, R.X. and Yan, R. "Wavelets, Theory and
Applications for Manufacturing”, Springer New
York Dordrecht Heidelberg London, pp.165-187,
2011.

Rafiee, J., Tse, P.W., Harifi, A., and Sadeghi, M.H.
"A Novel Technique for Selecting Mother Wavelet
Function using an Intelligent Fault Diagnosis
System", Expert Systems with Applications 36, pp.
4862-4875, 20009.

Kankar, P.K., Sharma, S.C., and Harsha, S.P. "Fault
Diagnosis of Rolling Element
Bearing using Cyclic Autocorrelation and Wavelet
Transform, Neurocomputing, Elsevier Publishers
Vol. 110, pp. 9-17, 2013.

Daubechies, 1. “The Wavelet Transform, Time-
Frequency Localization and Signal Analysis”, IEEE
Trans. Inf. Theory, Vol. 36, No. 5,1990.

Rostaghi, M. and Khajavi, M.N. “Detection of Size
and Location of Crack in Pipes under Fluid
Pressure by Neural Networks”, Vol.)¢
mme.modares, pp. 35-42, 2014.

Hunt, K.J., Haas, R., and Murray, S. "Extending the
Function Equivalent of Radial Basis Function
Networks and Fuzzy Inference Systems", |IEEE
Transaction on Neural Networks, Vol .7, No. 3, pp.
134-145, 1996.

Dogan, E. "Reference Evapotranspiration
Estimation using Adaptive Neuro-Fuzzy Inference
System", Journal of Irrigation and Drainage Vol.
58, pp. 617-628,2008.

Jang, J.S.R. and Sun, C.T. "Neuro-Fuzzy Modeling
and Control. Proceedings of IEEE", Vol. 83, No. 3,

pp. 378-406, 1995.


www.SID.ir

