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3. Diverter Switch

4. Tap Selector

5. Threshold

6. Continuous Wavelet Transform
7. Ridge Plot
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7. Clustering
8. Data Fusion
9. Support Vector Machine
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1. Electrical Contacts

2. Selector Switch

3. GHM Multi-Wavelet Analysis

4. Variational Mode Decomposition
5. Peak

6. Local Binary Pattern
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1. Multi Resolution Analysis



Y s yanseds Cagn @18 (sl ygiloyghusl i Jb p5 <5 (slmosind pusd SutwsST (cla Ui Julos g (g5l 551 1)) Ko g qusign

Lol o (Sloj M| yolio g diin bl aiold duglio sV Jgi
9] S 550 VL sl o ol s

i ¥ i ) ity i o lad
3 NYAYVAY By e aial>
T A Yoy Yo (ms) iloj 3
RS Y fes M el
) o)) ¥ YA (ms) Glej psb
gl o (il OS] g it Ll dtals poolie dunlio )Y Jgio
{F] 58 (S390 )8 cus el g gl > (gl
¥ ¥ ¥ Vo i abaio)led
FURAT SRR ALS Y. aiel>
Ty Wy W (ms) by el
A S U ACIRAS aial>
D A% YA YoF  (ms) Sloj pib

2310 ) Cgme 031> gl s She oI V-0
Lodly (55lwrgaro 43 adliiw! Cys

s Copods &S vl dgdae 3 saidll)l glaodly sy b
Loy sl Shy s 9 03)5 dbml o5 oind s )3 1) (ol Cgee
L Sh | (P 9y oo SO Wl plgie wblodges ()15,
iy A8 s 3wl Sz el K03 By 2 g By i 556
o e b )3 & (coadpdlel (sla Sty il s o] | ol
2,5 ooltwl cue asuil (gl W)l e Clls & Cond  womisno

Yl Giole cas lp [¥] 50 aad5)l8 sleodls b silles
PR 9 pod dindn LB alaly polie (picnen g p)loz g pow 4
o b g3 gl 1y ools (pl Vo Jodo ldisly  wamse &l s
2 eddyoy)l5S slaealy s amd o lis Sl aYlasl il
Sl pg 5 Jol dinier bUS 4l 5 il 1) Gl o i pyw
ol Blg oo dipiig blis dely yialS” los S a5 |y oo e B
Sty Al 33 g ey QI 5 S50 03D 3 B Oy alS
Olise WY Jodo 0 il 8 (65p) patual alss I b SowgST
Y I 03)9] L.)‘)M&,

o Sosdl aYlasl b s cas @lp WY o b ecmen
wsly i (Faddedo cus ln w9 ped sl Al B aieb
9 Pl dinder bE (o Sloj SHBT g pgw g pod ¢ Jgl diniey b
by BB el S S0 cVLasl sl e el opniomad 9 oo
Sl oy 9 pilee dede LB gu Sl SWB1 5 pod sl
lodds ua}z.w.n Ja» L))] » &S wilasls (W o

Coaro o3> wlgi V-0

bl g8l b 25 5 sloorind i SIS 5 Comlus 4 255 L

031 oS5L Sl (gl game (slaodly ¢l g l.gj 89y 2 SGuan s
Jas b s ) 3> Sk o) ey sl o ioolSel ol
5 Olie b Glhae) dg2ge wllo slaodls g9y Miedin Sl
hos Oygods @2l I (Bp 0 & g lp 0ad S Sl Shy
loodly L g 00l dboul (gilre gare (laodly ! oids Dl

0.05 T T T T
a3 0 M P i I Mibstenn |
0.05 1 1 1 L
d 0.01 T T T T T T
3 0 —W.————-—n——-—-—-w—u—-—-—.-mc—-.—-—
0.01 I 1 1 1
0.01
a2 5 ) T T T
Lasn
0.01 Li - - -
0.002 T T T
di o Lt o
0.002 1 1 1 1 3
0 0.5 1 15 2 2.5 3 3.5 4 45 5x10

Time (Sample)
wosdoplley JiSuw Lo 4130 plaw dw gl & JS5

(858 5 loj slapadls polie A Jga>

sl glacs il slaes
ol pals ooy pasls S8 (adls loj padls
N ¥ )¢5 o ¥F VP () peSike
R AN R <A Hze Byl
Gl ool ls s
Wy Yo ¥ W) Vay e
Slime
N
t =2 8() ()
i=\

P& Nl cansdy pjdaly il (K)) GulS s adls uomen
Jiew oo oy 5 SHp e b cladises 3(f) o
Wy s ladiges WilS)d b f) g (ilwojdley I am SiwgS]

(VY] conl

K, = (2 AN ()

ol e il g Gl el 95 pa 3 oadeuily sl S
Ol odolcuwddy gl & Jodo j0 5 485 418 duolee dyg0 polis
Yol &S 595 o0 oanlie bayyo Jodo (slaosld duglio b sl ouds 03l
@ S5 sl dalS g il e glp odelcwmna slaedly
I8 B b 03l > oabasuline Jlne Glyoxl liee Ll 5 0392 o0

2,8

&5 (SVM) sty 1553 cmwile s, 51 23lisuw] —0
OpE (auduid S odld gaodiwd
Wb o cpile (£050L 1> owlol Bl §I (S i aliue
Trhe sy dis S Ojgoh g 1) ol Slegdge
Slodys ©ygods pilb i )3 &5 o by (S 905 S 935
Moy owle gy S (o )18 02latl 3)90 (gted dine J> 4l
opl 23,5 o 1l o5yl g 3590l 5B g0 3 &S cunl (SVM) (b
Sl g cwl e 6585 Gl (mas GbaSid 4 cons )
538 @l 4 rizzen 5 3)b b (g8 Al glad (Juo 08D
oy ol 0 S e Mo Cund cunl olpad wdin s S L oS
o g oo 0xel Wodly lad cabdiwd &S (sdwgy b 0
398 Gl gligSa diwd 93 slaodly pu (gilwlis b a8 235 o
RIS 4 Cund Gyt (el ails Sile 4 b g Aol o
aape b oSl oy aV¥olee o a5l anily datwd 93 ya y0 03
IVY] 355 o 30 (QP) ol (55l sl gy el &



VFeY ullwl.» Al a)l.ml‘; Ny Jl.w (B2 (swAikeo -l cul)Jl )’9““[5 (SRR 9 (B3 (wdiheo dy i WY

50 ot
200
40 ®
»150 -
E E3 -
100 % L
1) N 20 @
50 @ I‘-'::
10f © |
0 it i 4 i ’ J e
0.01 0.02 0.03 0.04 0.05 0 50 100
burst 2 t4-t3(ms)
@ )
0.06 0.03 .
. Support Vectors| ) Suppon Vectors |
o 0.04 ’ o
c 0.02 90.02
3 =
= [ | o
-0.02 . 0.01]
-0.04 * L g i i
0,05 0.1 0.15 0.2 0.02 0.04 0.06 0.08
burst1 burst 1
(4) (<)

80 9 Jol Al alai dioly (sla Sho b (SO SI OYLasl i L s (3) 5 10—1F 5 pod dii ol diold sl Sho b (S Sl wVlasl (Sayd doduo s

IIV] ilieo e dus Jlas) b LT diels g atpitiy bl oy il B3 ppolie 1YY o

(ms) gloj M (cdg) ael> )
Camoy

O—1F  F—1Y Y-ty Y- Oddn Yady Yaidy Vaids ) ands

VEVD  YVASE VINFA AAED  VABA YESY  VEVY oy SV oSike
COVE  SAED VTS AR Y. o0eF S XBA VY ) Wl o Gl
A 572 5 WAY WYY WA- A 940 5le | ylme G50
GYAY Yo FAY  VVAVE O QFFE YRNY YASY YA VEEE FeYY OSile

WYWAS  AYee VSR WWAA L SBAY - ¥SR o FAY o¥YA YRy S GBS oo 3l
WAS DAY ASY  MARE WY AWWRA YERA L YYAY ARS le [ ylme il oc
Vo¥a0  YASES YAFES  AVIA VAAE VAYA  FAY. L ESL Y Sl

S SR CCUR Y CUY =2 S J0 SR\ 25 SRO/AL SRRV o 1 SRS LSRRI VI Jme 3l
OOA YYO 0¥ AN- VETE VN NASY WYY AN 5lke [ylne Bl
VOSTAU O AWYADY  YOEVY  VAYe  YASY VAYD  Yeed AVVY O YAYY OSile
SYADOVYEY XYY SAYD o FF GYYY BV eyed - fY. o5 Ll Jme Gl
YEY VAL OYY  AVEY ARaF YY) VST WYY VRYY e5lee [ ylime Cl5c

w2 b 0dyssicuwd glaoaldy g srdadle g (slaodly LJLQH (v
2 SVM s, U $gd 0 030 j1,8 4oy < 33 5 000,85 Sy

255 Jlsl e 55,
M)

A x(\+o,
coef:—f 0+o,)
A, x(V\+0,)

)lﬁ.&c d‘)DUI O-f' 6”0.5 Q«Jl> ).) ‘;)Ja 4:\.0‘3 A/- 4]041) u)‘ )J
5 plle b > (Shy e 4, dbd cb > i 3yee (Sho
el o &l 3 Sy slare Bl 3,

Cnilo W9y U Qg (gadlwd I Jols gl ¥-0

Ol 15,

Sl Shy @ g b ops bt I Jolbs ks @bl
\' Jgu’) ).3 .CA.MJI OJ.AT 0Jud k_i».gﬁ.’“ ) SVM ‘):)9) Ja&)? 45 (e Pov ] >

Ol 3508 g il oy J oedle b9y bawgs Cogne 9 el
ol 0l obj) Come g Wl (gloodly jasuds o g,
iR ¥ Ll g g0 plle laosly Bolal (gilwgume sy
5 o sl o b o (ol Sl lae sloignfl 5 Juols
Shdedo b (Soguy (S pSll VLa] iale) Bl cus
b o dbgl (o (S xS eVlasl a9 oo (S Sl Y lasl
L35 Obasl Bkl O)ygods Nad Casre maled o &S laosls
Siwogme AY U A Jolis 0 j588e (slaodly I odlitwl b
] 48,8 yan ) Oyaody Jnlye )3 aosly 8ol
Jhde j0 Ail jro dbgipe (Bolad due &S S (Sho Hlade ()
S 4T 235 o 0pd (V) jloddaslre lucigime <y
g Cigune
So 3 g Ko g ol 326 o NS Sig Sl (¥
Sl o (BL WIlus odly my 93,5 0 b



WY s yarseds Cagn @18 sl ygiloyghusl i Jb 5 <5 (slmosind puid SutwsST (cla Ui Julos g (o5l 531 1)) Kan g qusigs

[10] Z. Liu, et al., "Fault diagnosis of OLTC based on time-frequency
image analysis of vibration signal," in Proc. Condition Monitoring
and Diagnosis, CMD'18, 6 pp., Perth, Australia, 23-26 Sept. 2018.

[11] X. Li, T. Gao, Z. Zhang, and J. Zhang, "Mechanical features
extraction of on-load tap changer based on multi-wavelet transform,"
in Proc. IEEE Int. Conf. on High Voltage Engineering and
Application, ICHVE'lS, 4 pp., Athens, Greece, 10-13 Sept. 2018.

[12] R. Yang, D. Zhang, and Z. Lin, "Vibration analysis using variational
mode decomposition for mechanical fault diagnoosis in the diverter
switch of on load tap changer," in Proc. IEEE PES Innovative Smart
Grid Technologies Europe, ISGT-Europe'l9, 5 pp., Bucharest,
Romania, 29 Sept.-2 Oct. 2019.

[13] F. Wang, D. Zhou, and S. Zhang, "Mechanical condition monitoring
of on-load tap changer based on textural featurse of recurrence plots
of vibration signal," in Proc. 5th Int. Conf. on Electric Power
Equipment-Switching Technology, ICEPE-ST'19, pp. 560-564,
Kitakyushu, Japan, 13-16 Oct. 2019.

[14] Z. Zhang, W. Chen, J. Lei, and H. Gu, "Vibration signal processing
and state analysis technology for on-load tap-changer," in Proc. Int.
Conf. on Diagnostics in Electrical Engineering, Diagnostika'20),
4 pp., Pilsen, Czech Republic, 1-4 Sept. 2020.

[15] J. G. B4i, et al., "Influence factors of acoustic fingerprint detection of
m-type on-load tap changer," in Proc. IEEE 5th Int. Electrical and
Energy Conf., CIEEC'22, pp. 3564-3568, Nangjing, China, 27-29
May. 2022.

[16] H. Li, L. Dou, S. Li, Y. Kang, X. Yang, and H. Dong, "Abnormal
state detection of OLTC based on improved fuzzy c-means
clustering," Chinese J. of Electrical Engineering, vol. 9, no. 1,
pp. 129-141, Mar. 2023.

[17] X. Liang, Y. Wang, and H. Gu, "A mechanical fault diagnosis model
of on-load tap changer based on same-source heterogeneous data
fusion," IEEE Trans. on Instrumentation and Measurement, vol. 71,
9 pp., Article ID: 3519709, 2021.

HE lomiagd j58le o5 Ghous e ds oo g 5B s o [VA]

" 6390 dasdllae ol yemds 4E9, D Jglxe slajB 3IUT I oolizul b b pj alad

‘ul).gj = [A </}J~[o)}1“u/)4"ra¢jbu (J“"W")ﬂ‘) g o Ylis dcgano
52 VYR VWY (]

[19] S. L. Marple, "Computing the discrete-time analytic signal via FFT,"
IEEE Trans. on Signal Processing, vol. 47, no. 9, pp. 2600-2603,
Sep. 1999.

sl o) o)l g Sarge has™ «Shgw ghome 7 g Sl gy 2 (V0]
b sladle 5 la)Saly daby) s> i b)) Cundy il
AV il

[21] A. Akbari, H. R. Mirzaei, M. Mazhabjafari, and A. Mazhabjafari,

"New Informative Features of Partial Discharges and Limitations of

Conventional Measuring Devices," in Proc. 15th Int. Symp. on High

Voltage Engineering, ISH'07, 5 pp., Ljubljana, Slovenia, 27-31
Aug. 2007.

[22] pdle K8 0 ol it Sili] il (b)) e Vg 8)5 e -8
AYAS FO-FF-YY e ‘05))15 LQ9))[§ OKJA}‘) ‘uwt;;)lf ‘UM )b)g

AT oy Sl 1y 295 Gy owtite (ol )l Syde WA Jloyy owdgy Jole
oy 1y By (owigee byl (owlidhylS Syse Ve v Jlo p3 5 ol dnly oDl
ol J 4 Jode (o) ladlaie By 53 (98T 2 03pl g0 Ly (s
Jod g (Al Sy Slapias (Shb Ll e 390 ole ladise
ass 5 oligs Jlasl llad > sloosisS sgame 55 g (Sl sl pile

KW PRI

2 e (Sriwo oS Gy 0g5 wlid)l5 SHae WAY Jlo pd Jeulé wle
WAY Jlo )3 g S puel (imivo oKl 1 1) 35wyl (owlisylS” Syae WAY Lo
Byt srodiges 4 5 gl (pllad alp ixhio oSl 1 055 (75> S50
obsj okl )3 ele wla gae lsie 4 WAY Jlo 1 glial age <l
1y ol oSl inio Siig iUl oty olStlesl sy g ol S & s
5 3 ot sl bl gl 3 90 (le (slatie; b ot &
9 3R g e QS yen g (S lagpes (Sl glageile

om| O?.‘-""L"g‘

PR Al Cae GSe (Shy 53 (590 9 (B8l slo e
ool Lawme (glaodld pisted .l O odmd s eyl b

oy ( wcouo (sly oddodlitn] G (slaodly ¢ui‘;)‘9.ni sly
lyp osdodlinl Wlo claodls 5 [bjeel (clp edderliil Gl

ol 00 asdie b S0 sloialy b ol )l b oriwcons
dowgds Aty ©yg0h b jl degene S & CS (e Sbo
5 oladl ek Yol & Wi (gilols wuiShs dodn L ki
aomio 1 Ll 3 5035 oy dlold Ll g 25,5 )15 dogyye (slaaio
3905 odaliie (g5 o0 Zodod A JSb gy b ML Ay oaiiShax
sloodly 511 Wl slaosly wyddy sl atwslyy oluidy oy oS

les glebis Gl

S 325 4ouid
ol Cap pleyginils (i SitwgsT S Jlos iy,

3,80as j3 M ot g by Ojaods odliiul g dawg Culild &S
&S plogag b sl ool ol dllie opl o 0l 1y gileygaudl 5 (oole
peiie d 5l G 0 edimd sl odelCnsd ST U

Sy 2b) Sl odiS gl B9y S ol ilos 5 438 sl e
b Shy dmsbxe 5 gyl § g dlis gl 3 s OLTC
Sl S sl Soge g Jog (uilSB (oloj laojes ) calisee
Gl ol oy gy 5 laesly 5l piso (gjlxe (gilogne o (Bl
ol &l ooy L 9 00,5 eolitnl Cgume g Wl baodly (gabatws
g Ghigel b osls SS& obly (iuslcuibpe ©ygods by,

Syl 1y edls 51 iy

&l

[1] M. Foata, R. Beauchemin, and C. Rajotte, "On-line testing of on-
load tap changers with a portable acoustic system," in Proc. IEEE
9th Int. Conf. on Transmission and Distribution Construction, pp.
293-295, Montreal, Canada, 8-12 Oct. 2000.

She b i slomiaed (QUSy ooy odljdiae il g el Y]

r &Sy fobii] 5 ol oSlas Jpol) ol slosilesiny

AYAD ¢yl jo5 lailaie

[3] P. Kang and D. Birtwhistle, "Condition assessment of power
transformer onload tap changer using wavelet analysis," [EEE Trans.
on Power Delivery, vol. 16, no. 3, pp. 394-400, Aug. 2001.

[4] P. Kang and D. Birtwhistle, "Condition assessment of power
transformer on-load tap changer using wavelet analysis and self-
orginizing: field evaluation," IEEE Trans. on Power Delivery, vol.
18, no. 1, pp. 78-84, Jan. 2003.

[5] E.Rivas andJ. C. Burgos, "Condition assessment of power vibration
analysis using wavelet transform," IEEE Trans. on Power Delivery,
vol. 24, no. 2, pp. 687-694, Apr. 2009.

[6] E. Rivas and J. Carlos Burgos, "Vibration analysis using envelope
wavelet for detecting faults in the tap selector," [EEE Trans. on
Power Delivery, vol. 25, no. 3, pp. 1629-1636, Jul. 2010.

[7] E. Rivas, J. Ignacio Rodriguez, and C. Hernandez, "Analysis of the
vibration modes in the diverter switch of load tap changer,"
Contemporary Engineering Sciences, vol. 10, no. 20, pp. 973-986,
2017.

[8] J. Seo, "A practical scheme for vibration signal measurement-based
power transformer on-load tap changer condition monitoring," in
Proc. Condition Monitoring and Diagnosis (CMD'lS8), 4 pp., Perth,
Australia, 23-26 Sept. 2018.

[9] J. Seo, H. Ma, and T. K. Saha, "Analysis of vibration signal for
power transformer on-load tap changer (OLTC) condition
monitoring," in Proc. IEEE Power & Energy Society General
Meeting, PESGM'1S, 5 pp., Portland, OR, USA, 5-10 Aug. 2018.



VFeY ullwl; Al a)l.ouﬁ Y Jl.w (B2 (swAikeo -l cul)Jl )’WK (SRR 9 (B3 (b i WY

Jlo 3 plos olRuisly j) 398 (ol )5 Syue WWAY Jlo 1> (S5m0 Lo o
simino oD ) 265 (685 Sy WWAY Jlu 50 9wyl owlis)lS Syae AWAA
@ WAV Jlo Sl lal ges €8lyd 3 (podine 4ty )3 (qwobo (pillial dxls
o&islo] Capy g ol JIS 4 Jgnie flouj ol o ele Sl gae lgie
WMo 3)50 (ale slaaiej )l odgs 4 1) plon oKy (598 )Lid 5 Bole gl
lygileyginily 5 (Sopsll glagpile s g iludas (b Jold 036l

Lol @18 glanlS (61,35 518, oo g )08



