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Development of Inverter fault diagnostic algorithm based on CT
for small-sized wind turbine system
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Abstract

In recent years, wind turbine system has been considered as the most efficient renewable energy source. Wind
turbine system is a complex system which is composed of blade, generator and inverter systems. Recently, lots of
researches on fault detection and diagnosis of wind turbine system have been done. Most of them are related with
the fault diagnosis of mechanical elements using bivration signal. In this work, a new type of inverter fault detection
and diagnstic algorithm is proposed. Furthermore, extensive simulation studies and practical experiments are carried

out to verify the proposed algorithm.
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Fig 1. The overall configuration of grid-tied small
sized wind turbine system
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case of normal and faulty situation
F7]19] CT7 RS *P*@Lo}‘ﬂ a
XOL J,]. HHEyE EAA

EAHE 7|o R if-then F4 <]
5 ugel de %2 A

rLA o pob ot

Current
Amplifier

Control Program

Al —| "y

Park’s Transform

[ —

3 Phase Current

2 Phase Current

a7 7. CT 719ell o & a4 24 34

Fig 7. Order reduction process using CT

770

F84 H1ZFS 98Matlab/SimulinkE £3F A& o]
A3 LAB-voltAhe] &8 AnH] 9} Labviews o] 319
200Wd TrEe] AA FHLAAI 2 AL EHI e
AW E e 1o gk A& F3Pstaxl s,

3.2 Matlab/Simulinkoi A 2] A] Z &l o] M

AltH QIWME AT duEFe] F&4 A8 4

3k 200Ws 8 Ed Alzdd ot Simulink £5%& 1}

B 19 83 2

2~¥] Simulink

Fig 8. Simulink block diagram for 200W small wind
turbine system

Y 82 200WH TR HEeol= 34 F l‘ﬂlﬂﬂ
DC-DC #WE 9 34 AuE et Fo &3 }%
s SN E %% AR JIMEE A olst= Ohﬂ
E1 Aol i, Hdl A€H FFS = MPPT AojF9

AWEH uFAGE FsE G 5o FAY
o] glom, A A o] og7] wiio] 34 <l
WEo ZEd e YAAE AF-dyus v dedl

o
it
o it

£

E .
-+ Supe
A

Iy 9. AtE WY i
Fig 9. Block diagram for proposed inverter fault

diagnostic algorithm



<IGBT 181 11 ==>
AN //“\” //“Xi //A
25 ‘\

\V A ‘\, “ \-\/ ’

/ SN
\ g \L</ 7 \\<,/
—
<1IGBT 351 >

= § / \ \ / \

/
IGBT 4‘2'.1 ﬂ 7<§>’>

< IGBT 5‘:'1 ﬂ E= -

A X

< IGBT 6% ) &>

g
N\,

,d
2

a9 10 A 2z IGBT 23 Aelel 24 AF

Fig 10. Two-phase current signal for normal and
each IGBT fault conditions

Aol 24 AR AEE 22 Fadel =S o,
g eel 192 vea 2

o B &5 B B

B B & B

Ao i i i i i i
S0 B B0 40 M o 2 40 B0 80 0

o 11 A% 2o CT 3%
Fig 11. Concordia Transform waveform for normal
condition

3 6709 IGBTell ago] wayso] 34 o
7t Eﬂ %8 A9l tE CT 88 #$39g 2
Wakel =ASW 19 129} 2

(3) IGBT 1 D%

(c) IGBT 384 D& {d) IGBT 481 1%

{f) IGBT 624 1%}

{e) IGBT 5&1 m%

a9 12, ZF IGBTE] %o gk CT 39
Fig 12. Concordia Transform waveform for each
IGBT faults

a9 12238 6719 IGBT ZZe] o] WAL g]
CT 719l Agd 239 Hugole g
&

= o

Concordia Transform

¢
£33 58

Ha25)
A 4 ‘ Y
BE1, BE3,

v
o
ox

a9 13, 53 71v¥ke] if-then A 2
Fig 13. If-then fault diagnosis rulen base

771



=aX 2011, Vol. 21,

No. 6

(a) IGBT 1t &}

[

() IGBT 381 31

() IGBT 581 &}

() IGBT 614 1=

a9 14. ZF Z+9] IGBT %o W& g A3
Fig 14. Diagnosis result for each IGBT fault
condition

3.3 Lab-volt &8 =

AlEd o)l AE B3 Q’OJ H g Fe AA oA
o] A& JteAE Ayl s 2¥ 159 e
LAB-voltAle] 200WH 827 u&& ZFulo] &3}
o Adg Fdsrh AME T FAFE FAHI
A& 37 AFAAE AHEste Slgste AYgez ®
3kl o, NIAFY Daq-6024EE A}b-&3te] wskdl A
< AD3}e] Labview’oll A A¢td AWE ngddd &

agES A

19 15. LAB-voltAle] 200WH &7
Fig 15. 200W wind power educational equipment

from LAB-volt company
AR 2HE AS" AFFHS CT 71H % if-then F

3T [e)
Feud ws

& AEAIZ Labview T2 EEx+= % 167

=

.ﬂiml

I3 16. Labview 7-8% 147 Y E2

Fig 16. Fault diagnostic block with Labview

Quje CT 43 2 1%

(b)) IGBT A 7 Z=F

=




(g IGBT a1 0 =F

29 17 AEel 2 w4 t@ CT 94
Fig 17. CT diagram for normal and each fault cases

4. 4 B
Ao = FEEA AlxEHo| A ALEEI Q= 3
A QW E S AolE gy FHEde] &2 QUA Fdo]
7hed G VIHE AdsiHoen, Add g
718 84 S 9Yal Matlab/Simulink Aol A 4
A FEdA AxdS 2dy 3§ AN g 2 2%
FHES st AlEYAS e
Aol A Ad® Aed nZHTE 7|HS CT
7l 93 dojRl= 239 AP ozHE FI EH
of 71ukak 7+t Fefol if-then 7O SIHE 9

A
= 234 WEE shgel WA on, Jo e 54

pp/ 29-35, 2003

[4] A1, ©iAg, A, 255, “FHLA7] 714 4
B 2UEH dis AF" gierH /g3 A e
3 =5 pp. 1247-1248, July. 2010

(6] HE, olsw, AT “AedAY fFd THA~
Ho] QMY HAEA W AFATT MY &
23] o 7] BFAE Y] September. 2004

[6] R. L. de Araujo Ribeiro, C. B. Jacobina, E. R. C.
da Silva, A. M. N. Lima, “Fault detection of
open-switch damage in voltage-fed PWM motor
drive systems” [EEE Transactions on Power
FElectronics, vol. 18, no. 2, March. 2003

[71] W. Yang, P. J. Tavner and M. R. Wilinson,
“Condition monitoring and Fig. 13. Time-domain
waveform of the PMSG average current Park’s
Vector Phase. Fault diagnosis of a wind turbine
synchronous generator drive train”, IET
Renewable Power Generation, pp. 1-11, 2009

[8] S. M. A. Cruz, A. J. M. Cardoso, “Stator winding
fault diagnosis in three-phase synchronous and
asynchronous motors, by the extended Park’'s
Vector approach”, IEEE Trans. Ind. Appl, vol. 37,
no. 5, pp. 1227-1233, Sep. 2001

[9] F. Zidani, M. E. H. Benbouzid, D. Hamad, and X.
Pierre, “Fault detection and diagnosis in an
induction machine drive: A pattern recognition
approach based on Concordia stator mean current
vector”, I[EEE Trans. Ind. Electron, vol. 50, no. 5,
pp. 1038-1051, Oct. 2003

[10] 1. Y. Onel, M. E. H. Benbouzid, “Induction motor
bearing failure detection and diagnosis: Park and
Concordia Transform approaches comparative
study”, IEEE Trans. On Mechatronics, vol. 13,
no. 2, pp. 257-262. April. 2008

[11] o, o, o)JuH, “AFAAE NPCJAHE A
sRle) AMA DAY, JFHAGE 201 E
3] =%, pp. 417-418, July. 2011

(2] Aad, “2d BLwds] 2Ash AR, JHAL
2011

[13] W5, “¥4H

N

e

o] Aoy”, GS¢/E H] -, 2009

[1] P. J. Tavner, G. J. W. Van Bussel and F.
Spinato, “Machine and converter reliabilities in
wind turbines”, [ET International Conféerence on
Power Electronics, pp. 127-130, March. 2006

[2] At op7]Bl 2, “AY FTEHIH AFAA A"
VA7, F7]3AFe] &, May. 2002

3] AAME, “FEHLA 2ol AAE A-Eo FHEAH
N7 SFFE Yo L] X/ FE =i F, vol. 23, no. 3,

IS PN

2o M(Moon Dae-sun)

2010 TA S A AA B e
SIALE Y

2010 ~& A & ot AAH R
5 AL
FAEoF 1 T
Y EHY A, DSP, vfo
=9 A Z A

=

).
-
-

JM\

Phone : 010-2972-0351
Fax : 063-468-6224
E-mail : nalba0l @kunsan.ac.kr

773



SR X sAIAH St =&X] 2011, Vol. 21, No. 6

Z M & (Kim Sung-ho)

19841 e eietal ot SAE Y
19861 e gl gkl MALEY
1991 o gta ofshl WALEY
19881 ~1990d &Y AA|Ed T
2 ATd

19954 ~199641 JAPAN HIROSHIMA
UNIVERSIT-Y POST-DOC

1991 T @A ZAt e Ao 2R e ekt ase
ARl ¢ YA, ATAAE, A vEND, TF
R TR R

Phone : 010-2610-1224
Fax : 063-468-6224
E-mail : shkim@kunsan.ac.kr

774



