. - 9 .
irernaTiona power (307 ladl (g sl paiS

SYSTEM CONFERENCE - TrEG
1214 NOV. 2012 TEHRANIRAN U/l = 0ls@s /17791 slo LT P LG Py

=

I - s Jd & e Sy 63y Seal OF
e Sl Helyid 5 S

el 45 j3 Ayl ks 3 Shos (8l
S35 s P ST ) e Sl (s
ERYVI PO S U (" FX g CIN PR PR UNY R

3 ek s Slas Gl 5y ol 3

aU; Jail 5 adeleo

A by bl @ Gds 1 e ol
Ao a8 o OT KL I1] woal

s Legs ) < PD (Partial Discharge)

» A5l NN R O

Wy wod, @yl e s el ya Jal gl Ola)

S oglaygind 5oed gy sl s a4 W oS e ol
B N R 8 e ;a8
[ - ]t o S o3 5 S poon
S s 5 S gy o)
S sty [ - ]emduizy PD
POag ek 1y gl i sl L o
LoSda ol sile)sandl 5 w3 s Sl

w9 9 (S35 NS

(&R

N

Lo o™

JERw 3l wly 0yl 5l 50l 5 )3 O sl s Sl 4
b el b s o8l
Tome S s s sl dsioblde iy S0
Ol Oy o oS el fiad olK3 13 0 ki oS
Ol (LIS LSS s 63y prankigo oASCN
Ol D e el i oK a2 a5 S0 2 0 IS5 5y
TDOA 5, « 1 0 (CST i3 p 3 UWB 36 I8 ) il
SIS DR R I AP [T RS TNE PP RN ok S
o 3 (SIS 3 la g L5

3 0P ghl S e 4 g b G e OIS
osliual 1 g0 Ol 95 Canadl 0T 1 (S MG 5 ppond MK
. UWB (Ultra Wide Band) wt sel5 7l 3
Slasgilaysindl 5 53 (Jir adsd ol OSe 1 dpde )
IS8 $59) Do 4 AT (35 5 el T ol 2508
P s S L sk 4 o8 Y skl
ol i (Sl e lamn S Sl (Al ) Pl s 5
ok ST ol 3 S e S Oy e SLLST S
o 0> Sl Hplsadl 5 S alde ol s sk s sl
H okl b s Joua 5 0k Sihay aw Sl 4 CST 58
usie TDOA (Time Difference Of Arrival) i,
e Sl S e ol 4 Aas e DLl e S
TDOA =5, s UWB (gla:sl sk b g Jome

OB G ais 3 B s s D8 gl 5
ol 5 Slae (53 0 gl el = 5 S | el
Sl gy gl 5 DA s (S il 4 Slasell Sl 5

N ) -
A\ B\ 1‘#



Ao L ey abd S &

2 by S K b S ol B g e Sl
2 JgnSle Vol 31 LD oyl o 9 0 0iST 0 bl L

ekl L Ul el eds Lime UWB @ JiK s

13 Sl ol SIS Hplasiadl 5 SSB s oS 3
g o 1 el oy A aa s 2l O v
Ol i S 4y sy JK
2 Jou dgn S
alslas aw ol g 395 b sl a2

s chﬁ.'. abl (K gy & sl
Sl St Ojpear S5 0 I K8l e sl

Aoy et Ll oy e

e ablas G LG LS 0 S8

TDOA 5, «
SIS

PEION [P WP Y J:.ILQ-I |J;"T J'L@:;

ity S1 52 ¢ 3 84|
PD onset
Aty Al
' S ., ‘jtnT T
t
= VR TR Y H S F TR PE RO P N =

oNsle TDOA 235 5o
-1

(c*t Y =(x-x; ¥ +(y-y») +(z-2)" ()
(c*(h + A1) = (x-x, ) +(y-3,)" +(2-2,)° ()
(C*(f1+Af13))2=(x'x3 )2+(y'y3)2+(2'23)2 ()
(c*(h+A0y)) =(x-x, ) +(y-3)  +(z-2)° ()

Aty 5 how 33 54 by KL C aslas ol o
© Joen 3l odowry IS

Sl e K

sy adesl KL Aty sAL3
S ST A sy S 4 o J 5T 4
S4 JS’_’) S, S Lo Lasal gl W0l

(X3,¥3,23) (X2,¥2,22) (X1,Y1,Z1) <30 & o
G e U6 el n 0 (X4Y4,Z4) s
sps pals b (XY,Z) Sopgee 5 ol painiali &) oo
s, 0 P ol 4 el B Oy b S 5

Syl & Sl
& € ol Mol o 5l 35 ,oae 396 5 Juol K

v IS [ ] Sl adl eals c,

!)b C_‘y‘ JH PRI

Ao ae Jedd ime bliey 2SU gl WJLE el
sl e po T YL wds g

Lgwss 3 G ddle 5,48 o) 3OS
K S L e S il 0l SYERST R
Jre s fp S e DMl g Ol ojsm o
S gl g 5 o geaty el
UWB (Ultra Wide Band) s /3 jl esiiad b acend

Ol ojg= 3 AAJJJHC,‘JK;@ s OIS
[ - Tossimpals
OIS (gl (63b ) el Olg CL-—/ 3> Jee bl
Bauw[ - e s UWB @zt o
adal, 15 5 s s lee bl I S oSl
Sy Aslie Sl O

LS_}L“‘ A......: gi_! L_:..'.‘l_’j“,ob Lallas ;,,51 P Y -1 909 =

K558 03,351 s

Sl ki (8 s s S 1

Ol ol 3l 8 el
NEER Wls mals” ol
A e s S5 5e 5 e
Ao Sy 5 Sl il gl S 4

Silwa Gy a D00 4 D Sl iz gs e 3 TR N
3 gpa deioma 0 pia (& WK ol b s Jomn g 0
TDOA (Time Difference Of _:, bl dedy o s
o oy 8 WK Sl Jgens i3y S o Arrival)
P ]
o Ui ey S
WSS 5 canlllas 5 ) ga

CST (Computer 3 ¢y etl ok =

g haamie i g

. .
g 1oy A

) O 5 il 4 sl Systems Technology)
Jl aaldsl |L_| J}‘:Lﬂ)}ﬂ—.)'j - 33
Lf;)a :Ju-'.!|_ J) diﬁ‘ A8 .ﬂ.a J'l: UWB US' L,:.i[

8 ealiid 5 ) 40 ol 4 3l O asl SEEUP Os 5

(als

TDOA _:,, -



s K s e Plw) 385 ik e
Jl'J:h o L4 as’ 3}"'"" JS-:' $ ( ) )'|u.:......|| o aal3
1
J $ e e p0=— @)
o
Lo blae g oS UK s 50T 5,

Py p 03] 0

P(t)

) =1/e¥ ) w

WK b el IS

Mlh»:)yd_,.d -

JguSle SVolae pubed 5y Jolia g 2SU1 (6 WO
5 el sy50 CST 31 p 5 sk ol 4 353 4 gl
blira s 2SI g O NER - P RN PO -3 g
EPVEVRTIN I <+ JUVC VR L I TS OV PN It
s S sS Hpal) aallae 550 Gldd (ST il 2 1
I 1] o Jo by S¥slae s 50 12 b 5035
Ao K UWB (ol onl 5l esliiad s 3Ly o ghiles

ball el by Sy ol
KoSie & P e s SUF S s
By OGO adly (gl el b o ) il ) g2l 3
Dlaklie cpda ol p ) e @il e

sodkd plpnad [ ] Siaa s sl 5 y5m gilaypindl
Y slad (Jda (8w wshes gkiie a0 ) D 3
M s S O kol 15 3kl ¢
...:......I:.J...h:.‘e;

¢ L R L - N
as 0 0 CST J3le 5 515 e i 5

S5 HELN6 Jalge ) S b,
B 5 ey o [ ] ey iU gal 1 eskinad
53 by O ¢ O @y 3l ey oy ) g 2

oLty P ol esls Jesd Oldse S 3

PO Ol e ey 48750 1) gl

3 Bl 1 K Dygeo 4 3lge KU (5 S b oy

(&> ¢e(w)) Al 0 Jeel O SIS 5

g3 bl S JUK -
15 5

Ol & ol OF KL (5595 8 dos 5 hos Sliila)l
4 (rise time) #4 ol s

oS Al L Ol $3de S0 w | s O

[ - Tssdne onsm
2
. t-t
i =1, expl- L0 ®
20
o g el Slyte b als DTy (g alslas s o
(Pulse Width at Half Maximum) o
s » PWHM Ly, s w1, PWHM
QJJ.; O g{!}j} ALL_;lJ JiJL.J iy ..L:L_;I 2.360 jl_ﬁ
(PD gap) Lo OIS ki IS5
T S s Al feS o :
O aabia Jal )y ami 53 0pd 6 268 jS Ok g
55 o 5558
S b C,aJs.sJa O aabia gl )y ekl sl

La gl
by o S 33 8y ey i [

LS sl
Sl alslaa Ol

()3 ans J

;)JJTM.?.J

}exp(—jwro) )

i O
2.2

I(ja)) = ﬂloaexp{— g Zw

o S5 sl t aAslas gl s oS
S St g @ g a |y
TS LU wlyekd i Dbl 250 K

§ ks ki ey & 55 g5l (dipole) s

Ooy b e Ok (1) 5T ot dsk
BEO o allyeldbys
I=I(jw) cosax ()

(far ﬁeld) o5 by el il Ol auls

Wl 13 Doy g a0 a1 (S 55

2 2
e o« Iowaexp(— 02(0 J ()
Doty boekd i KK w55
i ls bl
1 ool
p()= (27 exp(~o%0’) ()



)

Q)

iskas CST 5 0k Y 4,

BTSTL SR S
x-z(z) y-z(<)x-y(-)

Sl a3 G5y 4 AT LS 5 by S Sl 65 <l
iy gl sl 5 e,y Slabie s o3l L anlles 3550

[ Jedaso,s s dsr e s ol cn

R
S CST Jjlpy 50 TR
s e Uy 4 (discrete port) s o,

ard ol sl [ ] A " aals

SRS I

IS 33 25730 8 S5 5 s O
Ay a8 £ s gk e ekt i
O gl ok dalgs il s 1l Gk s A

S ok plodl Bged 13 G340z Dy S5 0ol

K 5> el b
o oo S yans 35 4 95, 0

Sl Clhe 4 3l ga c,..Lé @SS ol

o ol esga 5

A, g 4 g | e
é(w)=¢&'(0)+ j&" (o) ()
Mffwlggui:ﬁltsa@li 3" t‘.’TJé‘f

$> = g5 dil easle 5o g Ul L

-w|nb))nd..:|a‘,a-)63j‘|bh:u)0£w|&|}:ﬂ

St 3 a3lid 3550 ey phedl 5 laita L dpd

La b 2l
=
G iy =
mm
ooy Jsb gl (Hy) mm
o dsls e (W) mm
oy e i) (H) mm
oy w2 (W) mm
Sy mm
S s ) mm
S 8 e mm
SOG J gk mm
-sL.V.;HV. g« de sl & i2] dals
HV. s« 88
LV. :HV. e s, , mm
LV.;HV. sest 56 mm
HV. ps) mm
HV. =)= ki mm
HV. Js L , mm
T mm
HV. 4 e 5, , mm
HV. ¢ 18 o
HV. o s
L.V. ¢, mm
LV. > , mm
LV, Jsbs ki mm
LV. g ke asle 38 e
LV.s ey , mm
Pl A e oska 33 e
s 3LV, e , mm




o OS5 ok 8K ey SN sl , ' O e Szl Ol

ol sdd sy ya TDOA ij; a0 layl bug o s g IS8 G50 K e

Wi $y81 35 e e UK a2 s den a SOWINCPRNR RIS
wly s 4 S CROw S et 2 B0y S 93 Sl haainta | S

L oWslas onl o w253 () () oVs L (GHz) .35 5 ¢ & tan §

5T Jos w0 by (X;,0,,2,) Al s 2dl o O35 it

Gy s s 4 by (X,1,2) 31 plae € jMia

. !1‘ , ’ ’ ‘

oS g e e 4 S s , , , ,

(., ) o U o ol plan ) . : )
obay 4 il dals 5 HUV. wile= 30 ' , , :
Cap e ekd i JK 7 PO ! ! ’ '

5,(0,22.82,137.82) &1 iSa 53 U3 (5550 oypes

5 5,(74.8,0,137.82)  5,(0,—22.8,137.82)

Ji_,i J};\.OJ}L.JJJ &U 4.\..14 6}_;4 S4(_74.8,0,137.82) ’ ’ ' '

SO ady VL e 5T e OIS ¢ KK e b el i i i i

Al ks 833 -

SIB Gy SV 3 JS3 G5g) e T e O A T : : ) |

Sty 3 ) b kT LSS S (85 ol Slaainta | s , , , ,

(GHz) s € g" tan & , ' , ,
’ ’ ’ ’ L - .
’ ’ ’ ’ & x/ \\
' ’ ’ l L i Y
=, JH \
= x. \
1 ’ 1 ’ F 3 H{ \
1 ] [ ] f ZE f{ \'
. / k
/ by
' ' y ' , y Y
1 i Y
1 1 ’ 1 7 N,
e P \\\
! ! ! ! ! == LS 1.5 ‘._ -]
fima (s

NS PR RN




;ﬁlﬁﬁ’i‘w)ﬂ&!ijé}?’w;’Jﬁ&ﬁ[‘:&“‘ﬂ ) ) ) )
gl o b O0S 2S5
Proba Tirre Signds in v, ! ! ! !
IQ:LD:\.S il il ) )
TN I8 S - ‘ , ’ ’
e Y .
Ll
ST P __i____ e _________: _________: . ! 1 ' 1
3 ; ; ; ; ! ! ’ ’
3 _ 2 i 4 E 6 ’ , ’ ’
Tims fns
\7"}).1)5“"\-.:“':-iL:!JJJ‘-§. 'Ji.; ! ! ! !
Probe Magnitude in dBv/m
Gl s Cdse
Ola (nS) ;v e P
: \
: & Aty | Atz | Aty (mm) dly IS
: (ns)
=70 i i i i : ; : : : . . ) ) = = ' :
0 1 2 3 4 5 & 7 8 9 10 _ _
Frequency [/ GHz
Jg1‘ﬁcj|;hj)l_’.-ilf'.injy )anijxqﬂfd‘)cyum:ll}ﬁ ! ! ! ! ! ! ! !
(, ns ) ) ) ) = ) ) )

057 2315 s ek ode) IS aiges S IS
S oS sl ( g ) S

INTYY dB K
m

2 Sl 3l (S B ald b pae JSO wigel S
alanal ok 021> OLES T IS
e I T Sl Bl a8 il s Ol Jsda
Ao g ekd I Sy o T AL S
Tt O S G b ek e M e (SUST
D& Syl &y @ s 4 > 4 Sq 5 S5 slapST e,
35 ek eals OLES @L.n Geb e LSS Ll &;L:.s LS,

e e Rl e ol bap ol ik Jsle




(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Transactions on, Vol. 26, Issue 3, pp. 2064 -
2065, 2011.

V. Jeyabalan, S. Usa, "Frequency domain
correlation technique for PD location in
transformer ~ winding",  Dielectrics  and
Electrical Insulation, IEEE Transactions on,
Vol. 16, Issue 4, pp. 1160-1167, 2009.

S. Markalous, S. Tenbohlen, K. Feser,
"Detection and location of partial discharges in
power transformers using acoustic and
electromagnetic  signals", Dielectrics and
Electrical Insulation, IEEE Transactions on,
Vol. 15, Issue 6, pp. 1576-1583, 2008.

J. Tang, Y. Xie, "Partial discharge location
based on time difference of energy
accumulation curve of multiple signals",
Electric Power Applications, IET, Vol. 5, Issue
1, pp. 175-180, 2011.

S. A. Ashraf, B. G. Stewart, Ch. Zhou, D.
Hepburn, J. M. Jahabar, "Numerical
Simulation of Partial Discharge Acoustic
signals", High Voltage Engineering and
Application, ICHVE, International Conference
on, pp. 577-579, 2008.

S. Tenbohlen, A. Pfeffer, S. Coenen, "On-site
experiences ~ withmulti-terminal IEC PD
measurements, UHF PD measurements and
acoustic PD localization", Electrical Insulation
(ISEI), Conference Record of the IEEE
International Symposium on, pp. 1-5, 2010.

X. Song, Ch. Zhou, D. M. Hepburn, "An
Algorithm forIndentifying the Arrival Time of
PD Pulses for PD Source Location", Electrical
Insulation and Dielectric Phenomena, CEIDP,
Annual Report Conference on, pp. 379-382,
2008.

CIGRE TF15/33.03.05. Partial discharge
system for GIS: Sensitivity verification for the
UHF method and the acoustic method.

Y. Bo; Ch. Xiaolin; S. Xiang; H. Xie, "Study
on the aging condition of stator bar based on
Ultra-wideband PD  detection technique",
Properties and Applications of Dielectric
Materials, Proceedings of the 7th International
Conference on, Vol. 1, pp. 220- 223, 2003.

S. Jiancheng; X. Hengkun; Ch. Yonghong,
"Study on UWB frequency characteristics of
partial discharge as a criterion of aging degree
of stator winding insulation", Properties and
Applications  of  Dielectric =~ Materials,
Proceedings of the 6th International
Conference on, vol.1, pp. 181 - 184, 2000.

Ch. Wenzhi, T. Zhiguo, L. Chengrong, Zh.
Shusheng, W. Hao, W. Caixiong, L. Ru, Sh.
Kang ,"Development and application of data
analysis software for transformers PD UWB
RF location", Electrical Insulation and
Dielectric Phenomena (CEIDP), Annual
Report Conference on, 2010, pp. 1-4.

kel S
3 edldd b

zd o3 b

Gl ans gy e ol o
w U e Gy ok

Ao aa UL TDOA s,

2 OSs TDOA (55,1355 8 53 5 Suw 4 S skia

3 e

Al L'."Lg.al.__;a.lal_\:_...l_‘.@ WL a3 oy

Ats e b plndl 03V los SSE 4 3590 o S

sske 4 S

Sl il Sl ad Dy ol &5 3

e OSh yasell ylie 4 el

ol 4 5 Ok dly gile s sil 5 e 31

(1]

(2]

(3]

(4]

(3]

(6]

(7]

>, -

M. Faifer, R. Ottoboni, S. Toscani, "A
measurement  system for the on-line
diagnostics of power transformer bushings",
Applied Measurements for Power Systems
(AMPS), IEEE International Workshop on, pp.
80 - 84, 2011.

H. Duan, L. Dejun, "Application of improved
Elman neural network based on fuzzy input for
fault  diagnosis in  oil-filled  power
transformers", Mechatronic Science, Electric
Engineering and Computer (MEC),
International Conference on, pp. 28 - 31, 2011.
P. Kang, D. Birtwhistle, "Condition monitoring
of power transformer on-load tap-changers. II.
Detection of ageing from vibration signatures",
Generation, Transmission and Distribution,
IEE Proceedings, Vol. 148, Issue 4, pp. 307 -
311, 2001.

B. H. Ward, S. A. Lindgren, "Survey of
developments in insulation monitoring of
power transformers", IEEE  Electrical
Insulation Magazine, vol. 17, Issue 3, pp. 16-
23,2001 (Pubitemid 32609249).

G. C. Stone, "Practical techniques for
measuring partial discharge in operating
equipment", IEEE  Electrical Insulation
Magazine, vol. 7, Issue 4, pp. 9-19, 1991.

V. lJeyabalan, "Coherent Phase Detection
Technique for Location of Partial Discharge in
Transformer Windings", Power Delivery, IEEE
Transactions on, Vol. 26, Issue 4, pp. 2885 -
2886, 2011.

V. Jeyabalan, U. Usa, "Statistical Techniques
for Partial-Discharge Location in Transformer
Windings", Power Delivery, IEEE



(18]

[19]

[20]

[21]

[22]

(23]

O. El Mountassir, B. G. Stewart, S. G.
McMeekin, A. Ahmadinia ,"Effect of sampling
rate on the location accuracy of measurements
from radiated RF partial discharges signals",
Environment and Electrical Engineering
(EEEIC), 2012 11th International Conference
on, 2012, pp. 891 - 896.

L. Zhou; W. Li, "Characteristic Estimation of
Partial Discharge from Its Radiating Signal",
Information, Communications and Signal
Processing, Fifth International Conference on,
pp. 757- 760, 2005.

R. Sarathi, A. V. Giridhar, A. Mani and K.
Sethupathi, “Investigation of Partial Discharge
Activity of Conducting Particles in Liquid
Nitrogen under DC voltages using UHF
Technique”, IEEE Transactions on Dielectrics
and Electrical Insulation Vol. 15, No. 3; June
2008.

L. Zhou; W. Li; Sh. Su, "The deduction of
partial discharge pulse current from its
radiating UHF signal", The 7th International
Power Engineering Conference (IPEC), pp. 1-
193, 2005.

D. Denissov, W. Kohler, S. Tenbohlenl, R.
Grund, T. Klein, “OPTIMIZATION OF UHF
SENSOR GEOMETRY FOR ON-LINE
PARTIAL DISCHARGE DETECTION IN
CABLE TERMINATIONS”, Proceedings of
the 16th International Symposium on High
Voltage Engineering, 2009 SAIEE, ISBN 978-
0- 620- 44584-9.

A. k. SAWHNEY, “Principles of Electrical
Machines Design” Published by J.C, Fifth
Edition in 1984.

RO A ”LS"“""C‘ Oy 0 3:8 ¢ (o Ol Hlp [ve]
Farl K5 @ sglapid S g e Sosle
Ol g e ok 0T “PSC2006,.btins 5 S

"0y 0 38 (il Upst e []
Shor Pl S g e Flad g o
6555 a6 8 oAl 5 pabliia g S (5 s

Ol pl ol 5 I 0l pdd — Lj;_' kgl



