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ABSTRACT

This thesis proposes a study of the Partial Discharge (PD) measurement technique
and test result analysis, including PD localization by Time Domain Reflection (TDR) and
Time of Arrival (TOA) method in underground cable systems with different grounding.
The test is divided into 2 major parts, consisting of the laboratory test and field test.
For laboratory testing, 4 cases of grounding simulations were performed, consisting of
single-point bonding, middle-point bonding, both-ends bonding and cross-bonding.
The measurement method used High Frequency Current Transformer (HFCT) sensors
and PD Line sensors installed at different positions to analyzed and compared PD
pattern and characteristics of PD pulses. As referred to the result, single-point and
both-ends bonding can install sensors in the same pattern and have the same result
while middle-point and cross-bonding have different method of sensor installation and
analysis. In addition, PD localization from reflected pulses or comparing the arrival time
of pulses given accurate results. The field test was measured both on-line and off-line
using the same laboratory test method with both-ends bonding system. The results
were consistent with laboratory test in term of PD pattern, PD pulse characteristics and
PD location. This work demonstrates that the proposed measurement techniques and
analysis method can be used as an example and guideline for analyzing PD signals

measured from underground cable systems on site.
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nsfnuluszuuiedalddu 115 kv fdnuwaznisdeasiudiufer Jeldiianisssidndivg
wmodiiuned 1 W ndantudalinnsasiatndyaia PD wuusewlad Tnes 2 nsdlasld
Wuwesasadudyaa PD meliiuazidugesnsadunisedundindnlai udawiinisg
JinsgriuaziUsuiiisunanisnsraiadudeyaild@nuvinaznaasuluiosu foinng Lite
lugnisseuduniagaiia PD wagnisussiiuaunmszuuauiuvassvuuailalaau 115

kV 9

1.5 unun1sufuReu

o W.A.2565
N1TNUUIUY

n.A. | dA. | N.Y. | A.A | NY. | 5.A.

1. Anwmguguazauidely
AsUszvAL BT UAN YA
o3y PD LAnT uly

syuvangUalafy

2. Anwnguuazuidely
AN9USEENALA 897 UNS

AIITAUALNITILATIEN

[

deyeuad PD

A7)

3. 91899N1TVNAADUTLUUAY
WL ALARUNINTTA DAIAY

wanenaiuluesufumnig




o N.A.2565
ATTANBUUITU

bLE. | N.A.

4. Az viNanIsnaaaulu

RNIRIEHE

5. 71AS1EV Yoy ANANIS
naaaueaulal PDuay

aanlay PD Tunimauny

6. LUS YU GUNANISNAEDU
Tuesuguanisuaszlu

A1AFEUU

7. asunauarUseLiiung

8. AN a15US NI NUS

[ e

LATLITUUAIULEAUD

1.6 Uszleyuniaadnazlasu
1. lasuanuiuazanudilanisunsnszargvesiad PD luszuvaneialaladund

JULUUNTARAINT1IATIUANGINSAY

2. @NNI0ATIEAN B NITVRIFURUUA LAz JUS1veaad PD tAnduluany
wdaldnu

3. lawelianslddenidureinsiaindyyu PD uagnsinduduigosludunuadn

LAUNTEN

' v
6 o a a

4. an5TEUAILnLegalin PD laainn1simsieinadasiauiind unieannns

Wisuigunatvesiadanniduwasidaz s



2.1 @eaialanu [1]

aeadalanululagiudilngfedldansiadaviiuauiu Cross-linked polyethylene
(XLPE) inseflnaandfaunsanugnmgilaasds 90 esmwaidua Ianuudausimumniuse

wsananawazdauaumuliiigs wenanidaunsalesiunms@udivesilad
2.1.1 Tasea¥evasareiaialaay

laseas1svesasiadaldnuseAulsInuuIuna1s (Medium Voltage) 22-33 kV uay
TEAULTIAUEA (High Voltage) 115 kV Uanssisguil 2.1 wag 2.2 1gagidendiulsznaunng 9

Y99EULALDA LI AULEAIAIAITIN 2.1

sUfl 2.1 Tassarsaneiadaldfuussfuiunas 22-33 kv [1]



Ui 2.2 Tassadreanenadaldfiuusadugs 115 kv [1]

A15199 2.1 1asaasneaewenialasy

drudsenau

. Conductor

fvinseualuldn

. Conductor Screen

MlRvaIitituauIuseu lufaeeeinaivinla

= LY ' = a
llLLi\‘i@‘LlG]ﬂﬂi@llij\‘i‘?f\‘iL‘U‘Llﬁ%%ﬁ]ﬂ@ﬂﬂ’ﬁm@ PD

. Insulation

Joatunsewas i lnansodni9as

. Insulation Screen

ANLIIPUNNATDUUSLIURIVDIRUIULAY Metallic

Screen

. Metallic Screen

Wuane@u (Ground)

. Reinforcement %38 Armour

ESuLfialianeaai AU nuUNI UM aLIIN1INa

INNYUBN

. Water Blocking Tape

s uvuunlunsilvesamdainistaluusiiunid

& « o % o
ANNTuLazieUasiulnlialtn

. Laminated Sheath

Jasnuthinanluluaemdanukuiving

. Non-Metallic Sheath %38 Jacket

Uasiuusanszunnidendnns q vazfnsiansiaida




2.1.2 aunsalidBuvasaewniia (Cable Accessory)

¥

gunsnlesuvesanalaldfuusznaulumeiianuiala (Cable Termination) wasda
seaneaida (Cable Joint) ilosanluduasvesaeiadaldfuazdoniluidensodiy
gunsaiduluszuy o1fiviu metaida (@miussuuanedsiidenuennu(n) datiies nie
wadlviih wazdy 9 Fslutinaiesdinisuasnduauinesniwilinsnsyaeauaien
vosaulnliliaiaueduaungiliiAnanudemeunawiunazenaianisdmasle
Friuisdesinisdaeviededearsludiularsvosaeiedaldfuudazduiiean
mnaIavesaulniimiomuaumsnszasliaiauessgunsaimunuanuaion

auulniin (Stress Relief Control) LLamﬁqgﬂ‘ﬁl 2.3

JUN 2.3 gunsaliaSuaeiaidaiisuuuudwialuil: (a) one-piece termination; (b) composite
termination; (c) composite joint; (d) one-piece joint; (e) three-piece join [2]
wanINAlunsidaensedereaigazAoiauduiguarAuliugly
JunauNIsUaanauIuLsazduliilszaeMunraual8duny MnusuiidnisUasnniadn
~ v ) & a vy & ° v a & ' A a
avulissezilimunzanduaunsalidiunan Aagvilniadugaunnsedmdanuaieoned

awnuliha@aduameyiliia PD 18

2.2 N15A9AIRULNINISYINIUVISLUULALIA LAY [1]

\Humssoasiufianedad (shield cable) vosmeaiadaldfuiotaguszasdvinliing
nszemvesauliananefinludgadeasiuiiauaiiaue uaztaedeanisiunis
AaLusaamiifiauiu XLPE Seilvssuufienuafiosnwlumsvhausnniu dwsuans
idaldfudniudesdiniseasiuetaies 1 90 lidulafiduvileesaeindalsd bl

anusavaselidugauatelavesanadaans 2 auls nmsreasdudmsvanaiadaldnuas

1 I 1 LY (% dy
LUDDNUU 2 @UANNLIIAUTSUUANU



2.2.1 n1ssvashudmsuaeatlalanulussuu 22 -33 kv

nsreasAuvessEuvaeAlalafusEAu 22-33 KV anansaugniuhuunuseegady
g13anelel 2 Wuulansdsgui 2.4 uag 2.5 dwmsunsalanueniaigliiiu 500 wes @nse
nssieasRuwuutIufedls willasrinanuaiusalunisiinssuasainiinisreadfu

wuusie 2 Srndndes wilasaindestedluiiuanulasnfevnerinaunian1sun e

(% (%
v o U Aas a

MUUa S UNIUNAMNIAMUAIARDaRUNS 2 Yaie

2.2.1.1 M3A9AAUNY 2 Uane (Both-Ends Bonding) @vsussuynisluiiu 500

uns
UM 2.4 M3sieasfiunianslae
2.2.1.1 MsReaIRULUUNAI8YA (Multi-points Bonding) d1uiusyeyn1eunnndn
500 Lm9

5U# 2.5 NsieadRuluunAIE9n



2.2.2 n1sAeashudmsuaaatlalanuluszuy 115 kv

nsreasAuvessruvatsadalifuszau 115 kv dmsunnnsalldinasiinnuenians
Wuwiledny deslifinisseasfiuie 2 suvesUavasnda sfosndavatsalsdnanils
I~ [} a [ = (Y} = ¢ al a a [~
WuanwugUanealiaue wedsanunsewalnnuluaedaanvininisazauinduaing

Fougaunnauiuly 9193ztludnisseilaniedisale FednvaenisdoasiuauIsawen

¥
v A

sUuuunszezAeaglanail

2.2.2.1 MIfeasnud1aien (Single-point Bonding) d1msusyezluiiiu 500 Luns

UM 2.6 NsriasiutIfYd

2.2.2.2 MIfeasAuLuuAInans (Middle-point Bonding) d1vsuszeenia 500 —

1,000 LU

JUN 2.7 nsdeadfiunuufnang
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2.2.2.3 Mssoasnunuule) (Cross-Bonding) d1suUszagn1eannnii 1,000 Luns

5UN 2.8 Mssieasduwuuled

2.3 a1siiia PD Tuanaalaldfunazaunsalisuvasaraialalinu

arowedariuawiu XLPE Jougnianldlusussuvanedsliildauduegiawin

=3

Woswndauanvausiivuizay witsegrsluaisyiaiidqneeusgrmisiaiuisading

Y]
YU &

nsEnUFpsTUvaaLALdalaaulaTUARe N1SNNRAYITIUINEIUNTD PD HULe4

NSRRIV ITIVINEIUNTD PD An N157S2UUALILLAAANULESANINNNT UL
a1 Wunisfiansanlaladnis@eulesdsnuserinedilada n1sie PD azindulu
szuvauunidneazauulwialuaiaus ludwidsmerfunseiduievu Feazvinliin

a a d‘d 1 gj
V’YJ']QJLﬂiU@QQIUUiL’JﬂJVlSJQ@UﬂWi'eN‘u‘u 9 [3,4]

2.3.1 Usztnnvss PD [3]

UseLnnues PD aWJJ"liﬂLLEJﬂGHiJE?ﬂ‘Hmtﬂ’]il,ﬁﬂaaﬂﬁj‘u 3 Useenn LLaWQﬁQEUﬁ 2.9 uay

AN UNUANEULYDY PD kiazUsennuandlunisan 2.2

(n) () (A)

gﬂﬁ 2.9 Useknnavy PD: (1) Corona discharge; (V) Surface discharge; () Internal discharge
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A15199 2.2 Usennued PD

Uszennuag PD ANYUENIILAN

1. 1AlsunAnse WY uiiAvatswray vauaN N3aUsINYAseveIgunTal

(Corona discharge) | lul#usaas

2. AATITINUR? LAAYT WUUN UR2U992UULT Il UUS Ui TAULAS 8AYD

(Surface discharge) | awuluilas

3. Aaysanieluy Wndungluiletanauiuludnuaedasdng nssennie v3eing

(Internal discharge) Yuiau vseenaindu Electrical Treeing

2.3.2 ndauvasaeialalifu [5]

o a a

ganuiaves PD drulungiinvluaneindaldduisiiduaneadalniniognldau

[
a a v v

11829 NATUTUUS U8 8L AN INNSAAG N TIENELALD AN DU LIUTLY DUs B ENe

v o
@ 1

wida nandnlendsiAedilngaziniuainanuianainlunisfinnsgunsaliasuvsonis

[
=

Ungesnw luvagn PD Mifisduneluiilonuiuvesmeiadaillenmanulatesndy

2.4 FBnsssyiunisganiiiianves PD

2.4.1 n5AFBUNKAZNITAANIUYDIRYIM [6,7,8]

o o

Wlesndyaiad PD W Judyuiuussinnad udnas (travelling wave) 4932801

L] L]

Y} A A o =

a v PR 4 i P = a o«
L‘UaEJ‘ULLUaQIu@I']u“U@QSUU']@IVISUUﬂ‘Ugig’ﬂg‘Vl'NV] au&lﬂ'ﬁl,ﬂaaumlﬂ LUBIAINFYLALUANNIT

nsesANudgeidinasodyyin PD sgrlidedAyiazdimarnonisanneuatadgeuniile

o

[%
1Y

AnueMaeialaiuTukantaguil 2.10 luvaeidedfiudu semi-conducting vesangiaLla

o J 1 (%
NHNANDN1T8ANBU PD L9UNU

(n) 282N 100 M
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(¥) 282N19 200 M

SUN 2.10 vuauazszezia1veddyad PD dmsuanueaisssil; (n) 100 m; (1) 200 m

2.3.2 Time Domain Reflection (TDR) [9,10]
SUNEU

o

N1552YALMUL PD A8N153LA5183435 TR Mg N151588eLIa1iuanaNeiuvesdsy

Wad PD gnusniudysaasiiouveaiad PD insiataldandugesduferdulauinm

srezvasganiia PD lanuaunisi 2.1
| vAt
(2.1)

L ——

S =
2

Mo s Ao szeginsainduminfadudugestgaiia PD

L A9 ANE1IYD9E8LAL0A bR

= <@ Al a [ a a1 . U
VvV AR AIMULIINTITLARDUNUBY zyggmiummmua (1A velocity factor LENMIY

AulumuUsznnuesaulu)
At Ao HaRNsEEzavedyyIuiad PD gnusniudyyuasvisuvesiad PD

N [ 1% < v a U
VIG]i’J"U’J@VLﬂ‘\]’mL‘(JUL‘(J’EﬁG]’JLﬂEJ’Jﬂu

Fundyaianadugesaunualy
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2.3.3 Time of Arrival (TOA) [11]

2

n1sseydumis PD luanaiendalafuaien1sinsienis TOA Aensiieuiguainy

¥
add o & v a

WANAYBLTEETIATIn T Adeyay 10l PD Foizdsndudesindadumeiussaniieatiuil 2
GﬁL,mu'qﬁaﬁﬂmaﬁdaamé’mmmmamLﬁ‘aﬁ%aéfaqLﬁuﬁwzﬁmamqu@mﬁm PD dusunns
mFus PD ansadwamlgainaunsi 2.2 dmsunisinsadureinisiussezving
Tz Tnedumesmaoinasdemsianudyana PD Weafy

L—vAt |
2

s= |
dlo s fie szezisandurisdugesiusniaganiia PD
L fo szagrinssninadumeiii 1 uasiduwasii 2

A <@ Al a [ a a1 . 1
VvV AR AINULIINTITLARDUNUBY migwmiuawaLﬂLua (1A velocity factor LHNMIY

AulumuUsEnnUeIREIL)

v 6 v v

At fiD HAAN9TEETIAUBIT MG PD nduesif 1 Audugaiad PD
[ s A
PNLFULDIAIN 2

¥
aaad o

YN AVBINITIATITAAEITUAD UINFILNUINRAAAT UG 2 FTlszeryinaiuuin
o & % v A =~ v a X = A < v & a v o
FNTuazAaaldiaIoeilon 1T TIAMUTUNIDN 1 LATDILATVMLLAUNAILA DT UIAALIAUIY
A09LA3 09 wrn1ldaunsainnisasraTaluszesnvinaduuinle LARaswduwesluusiiu
Tnalfesiu uadeslisseginsnmanzauienutaaulunsidssuiisunaivesdygiuiad

PD 7ldanduasiinsniasiduassiaas

AMSUNITNNISIATIZINAVRIUITUR Iz LA usaAIlARINENNIST 2.2 kLAY
fiarsananiad PD ialdiiadnunandugesiiladniahniuansiiganiida PD 9z

aglndidugasitunnnnintues

2.3.4 dysynau PD luszuunisraashunuuled

a a ) [ a P | = |
nsAdaunivesdyeiad PD Tuszuunisaeasiuuuulrinienislundsadouseais
nsMedaNudutauldusgraunmnsizinisluingidna 3 wa annauide [12,13] tad
nsAnwbuIestinaznudn Tadyeyind PD luianiiyaiin PD duazuand1aniantad PD
wenINUUILIAKAESTEZnaINTIAwesdyy i PD Ignihundunasilunisiese
a ' a A a Y] o v ' P
wagszuLlanunnses Ae wlandyafin PD 9znsIainvuInvesdyaia PD lagandituasd

A o Y o Ao vy = a
syezainihdyganinlaannanund



UNN 3

N1INAEaU

Tnerdnusatudlduanmaaoueenidu 2 daw fe 1. manedevluiesfoinis
2. nneaeuluninauiy dmsunisaasuluiesluiin1sazdnassssuulagsadaniy
sUuvumseasAudmvasiadaldfuiinaniduided 2.2 iefnwinsedeuiives
Fyanas PD lunsaifissuuinisreasiunaznisinsadumesiiaaindaldiuiiunnmety 8n
Hafiofnvimadalumannaindeuagiinmsinneinannagouiiunndatusudaiinng
JEUMUWNURALAA PD wazdmsunisnagevluninauiy lavinisasiaindaysyia PD Ty
szuuiaaldAufindrnurieiansdiidunmeaeuiuveeulauazuvueenlall 9ndy
ihluisgiuazivSouiiisunanmsnsaiamihauaieiudeyailiihmsinvuaznaasuly
veaUliRms ethlugnsssusumisgaiin PD figniesuaznsuszifiuguanszutauiu

Y95z uULLTalARY

3.1 Asnesaudeyyias PD luieeufjunng

dmunsneaeuluiesjiRazinimadeunsnsaiudygrnvesduweiiasie
fuuaznshnsdluguuuuiiuandiedy uasiimssasssrunadalifulnoudsoondu 4 nad
AIudnuazATHoasRufiuandatulszneulusie 1. n1sAeatdutinien (Single-point
Bonding) 2. 157 AR ULUUAINANS (Middle-point Bonding) 3. AsseasRusdesUany

(Both-Ends Bonding) 4. msmeashunuulyd (Cross-Bonding) s1wazidunmsvagauluusiay

3.1.1 gunsainldnagauluiesufuifinig

aqﬂﬂsaiﬁiﬁzﬂumsmaauﬁﬁgq 2 d1u Ao @7UVIN1IRTIVIALAEIATIERd I8l PD
uazduveInsinaesszuvaeiadaldfunanidagud 3.1 uaz 3.2 dwfunisasiadu
Fuayras PD agldudnnnsnsiadunisndundwdnliii (Electromagnetic wave) feiduises
High Frequency Current Transformer (HFCT) uagiduiges PD Line d1SuUn153180958UU
aneirdaldnuasldaslandnfeaviin RG58 SasuduaesindaldnudiszoyUsyuna 200

wesukayldiasas PD pulse generator Snasafuuvasdnedeygyios PD
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(n) (@)

(@) (9)

A

3UMN 3.1 YanIesllodnuarinseidyaa PD Haunsalnwialuil: (n) iaTesdnuaginsieni

U o0 d

feyas PD (PD Analyzen); (0) ifwued HFCT; (A) w3 PD Line; (1) 1A3 09 PD pulse

v

generator

() (M)
JUN 3.2 yansdaesszuuaneiadalafuiounsaldssialul: (n) ae RG5S; (v) a1ens1m;

(A) TORBUUUAN 9
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3.1.2 NISNAFBUSLUVANYLALIA LARUNANITHAIAUTIWAYA

ANSNAFDUNALINADII9TTUN N LLNALR WU Y F1UTUNNITATIVINILYINIURINTNNS
oadiu tneguuuunsinduduesyin HFCT ausandesls 3 fumis fe 1. Adedany

a

wdasmanensmaluficta 2. adesemzaamdalufidtau 3. adetewzaionssiy
firas luvafinsindadured PD Line azinsslnetufindueasivlumadionfunasus
drianeiadad 2 duvis Ae yaduaeduuuazdousenluluszeziilisnii 2 was
desnadesdetaiildlunismaaeuiian Sampling rate Wiy 100 MS/s uazaausaly
nswnAeuiivesdyaaduans RG58 asj‘ﬁ'ﬂizmm 1.98 m/s Tan1sifiualu 1 sampling
%éfaqﬁLaawﬁﬁuﬁmmwmlﬁmaaﬁga 2 Guwesuansetu 10 ns iieliiadesiietnansauen
Fuaaueenliodataau dmsunisnaaeulasinedyayia PD aswiurusaUatvaefiag

AULAZATIIANINANYDIEYUAAIAITUN 3.3 Uay 3.4

n3din 1 978 PD duaie nsdin 3 318 PD Yaneane I = HeCT sensor

PD pulse PD pulse D = PD Line sensor
Genertaor Genertaor j

PD Measurement
Device

nsdii 2 318 PD nansse

PD pulse
Genertaor

AueqdEe (L) = 200 m

5UN 3.3 lnezunsuiasmvegeussuvasiadalafuiinisdeasfiuiiaies

5UN 3.4 19sn1svnaaeusyuvagialdalafuniinisdoasiiudinien
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3.1.3 NISNAFRUSLUVAYLALIA LARUTNANITADAIAULUUNINAY

nsnaaeulazinasnRsTuisLnaf i dmiunisesininazulaguuuunis

(%
Y

a < 3 2 = a o ¢l Y v = a o s
Anasduwaseanilu 2 wuu Ae 1. Andudugeinuatgaeiulasmunis 2. AeRuduiwesi
AsanaNUIaiinisReadiu dusuguuuuusnnisindaduesyila HFCT agvinsadesd

a a & 1 v a a a Y] Yy A 12
dggiaianyuanaagny 2 fﬂ']‘UI@IUﬁuWﬂQﬂﬂijﬂlﬂiquﬂL@IEJ'Jﬂuu@%ﬂaaﬂwﬁqﬂﬂiqjﬂsﬂaﬂﬁqﬁ

a v Y

wdalaeuiingnasas ludiuvesduiwes PD Line 9sfnfefignfuaionuuuLazid ou

9

ponilluszeenlidiinii 2 wes dwsunisneaeulzdtedyayia PD assiwriagadaigany

%

VRZMULALATIIANINANTBIENBUANIRITUN 3.5 LAy 3.6

- = HFCT sensor

ndiin 1 378 PD dudne nadiin 3 318 PD Uanesne [ = #o Line sensor

PD pulse PD pulse
Genertaor Genertaor

Chi
PD Measurement —- Chz
Device
y Cha
Chs

AL>2r‘n

n46in 2 978 PD nansane

Ch3
PD pulse
- Genertaor

AuenaEie (L) = 200 m

5UN 3.5 lnavunsuismmaaeussuvasinilaldnuiiinisdeasfiuiuuienansuud 1

5UN 3.6 13sn1InadeuTrUUargiallalaRuiinsieasAuLuUAnaIuUn 1
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o [y

mmugmwuﬁ 2 msfndadugesuin HICT agyhnsadasiiansiafafiuinmnss
nafiinisreasiulaensen Cable joint Inesiufingnasislulumaisrtutagadasiiany
nsndvesaeiadalasiufingnasasuasfndaduises PD Line femsuladdiansiaida
Tavmsex Cable Joint Fszzvireitlininda 2 was wazvudialulumadesty dwsunis
NAABUILI AN PD AssuMsgaUasaeTiaziuLarsaganenatsvesaELAn s
U 3.7 uay 3.8

Y

- = HFCT sensor

n3sin 1 378 PD Audie n3ain 3 37e PD Uanasdie E = PD Line sensor

PD pulse PD pulse
T Genertaor Genertaor i )
PD Measurement
Device

Cha >2m chs
'I
chi Ch2  nsdii 2 98 PD nanesne

PD pulse
- Genertaor

AuenqdEne (L) = 200 m

5UN 3.7 lnozunsuiasmvegeussuvansinlalaauiinsdoadfuwuuisnansuud 2

5UN 3.8 19sn1snadeusruvangiallaladuiiiinisieasiuwuufnasuun 2
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3.1.4 NISNAFBUSTUVAIELALIA LARUNANISAAIRUNIERIUaNY

NINAAULILINA91ITTUNUNLUWARAWYIHU d115UN1TRTI19TAAITILIINE 2 B
wintunipawNausaild lnegluuunisfndaduees 2 sinasdidnvaswuuideaiuiu
NM159188953UUNTRRARUDLARITnaluEITe 3.1.2 dmsunsadeulzanedyaiu PD

° I a 9 = o =
ﬁ]i\WﬂLL%UQ‘Q@IU@']EJ?WEJVla%@']ULLazms\‘i"ﬂq@ﬂﬂﬂa']\‘isU@\‘iﬁ']EJLLa@Q@IQEUW 3.9 way 3.10

ngdifl 1 979 PD Auae neeidl 3 918 PD Uateaie I = HeCT sensor

PD pulse PD pulse D = PD Line sensor
Genertacr Genertaor

PD Measurement
Device

i

Chi

nsaif 2 378 PD nansane

PD pulse
Genertaor

Ch3

Auen2Eie (L) = 200 m

5UN 3.9 lnezunsuiasmavegeussuvaneialalafuiinisdeadfunsasaUany

5U# 3.10 2sasmsvedeuszuuaeiadalafuninsdeasiuisaaslany
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3.1.5 AsvagdausTuvalewalinuninisioasiuwuuled

Nsvegeulazdnaseasnsigadeathuwuuleivi 3 wa lagliyn AL, A2, B1, B2, C1
wae C2 Wugarevesanensnaneudinaeudenans dmsunisfanadugesagldiluvin
HFCT 3 dalun13ns3adndya oty 1nggUuuuni1sinnaIunsonaoeiaIensInng 3

wialunasuladlausdnsun1snaaautlazAnaalunIae 1L wLaz i uRAN1Uae HFCT 10

'
a

MNdalonaevvidn d1mSun1seaeUIrTedI0d PD 1199UA 6 MLV waneiagy

3.11 uay 3.12

= Conductor (2 m)

= Ground (4 m)

PD Pulse
- = HFCT sensor
RG58 I I RG58
I RG58
" \L B2
I RG58
R

5UN 3.11 lnezunsunasnsveaeussuvanaadalaauninisreasiuwuuled

i |

RG58
100m B1

AN

/

RG58
100m C1

=

olo
/

Surge
Li%.l Arrester

UM 3.12 1asmaveaeussuvaenilalaauninisieasiusuule’



21

3.2 negdavdyyia PD Tuaiasuiy

dnsunsnadevlunirauiuazuiseanidu 2 nsaluseneuluaie 1. nmsnadeauluy

[

paulail 2. nsneasunuueanlal sheazidennisneasululiaznsaiiinad

3.2.1 n1snagdauntuvasulaldnsuszuvaenlatinuy 115kV

(%

syuvanealdalaau 115k 219asddudalnldusnisundiusdnisnsianudayyia PD

<

[

ety 3eldiinsmedeunsivindyaia PD s GIS vemsasdng Tagrsasiiiniy
gaasUsEaIn 630 Wins dnsusUuuunishnsaduisesi 2 siaasduguuuuisatudy
nsnaaeulufesufifinisdinanlluidef 3.1.4 madeastuiiaosasuansdazud 3.13
wag 3.14

GIS

Phase A

PD Measurement
Device

HFCT Ch3

(n) s HFCT

(@) WuLwas PD Line

UM 3.13 laszunsinsasnsmageuwuuesuladdmsussuvanaiadalanu 115kv
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(n) 1Wuwes HFCT (Aan) () Wuas PD Line

JUN 3.14 1smsvedeunuvesuladdmiussuuaneedalafu 115kV

3.2.2 n1snagdaunkuuasnladdivsussuvaiawailalanu 115kV

anewidaldnu 115k 1 1§y Tdnwarnsreaiuste 2 drunasiinugnanedssana
170 was aslussuumeianssadaivmesiiudu 1 % msvedevaandaldpuduiios
Miduweseiin HFCT waziiuwes PD Line sUuuumMsAnsais 2 uwesazaenndasiunis
noaeuluresufoRnsfindnluluiaded 3.1.5 nisdeasiuiaesuaty dmsuuvasdielu

ihveamsvaaeuilaglfiiuiuy AC Resonance wanedisgu 3.15 uag 3.16

Outdoor Termination Outdoor Termination

(flatan Riser) (#samuln)
Surge
Arrester

Fu

Support

WA
AC Resonance

PD Line HFCT
MNo.1

Ch2 FD Measurement
Device

PD Line MNo.2

-—

1 1

Ch3

5UN 3.15 laesunsunsasnisnageusuuesiladdmsussuvanaadalafu 115kv



(n) WWuwwes HFCT

(@) Wulwas PD Line No.1 (@) 1Euwas PD Line No.2

5UN 3.16 2asmsvegeukuueanlatdmiussuvanendaldsiu 115kV
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NaN1INAEiaU

nan1snadeundlusslfiRnisuarluniaauinaziiauensSsuisudnyusaniy

Yosdtyey s PD s aldanndugesvndanslusiuuuin JULUU PRPD dnwasiiadias

Trvesdya dnviauananisAwIniesyyswviagaiila PD

4.1 wan1maaaudyyI PD Tuviasufjuanis

4.1.1 wamsnegdauszuvaaadaldnuiiinnsdeasiutiafien

AsnndeUiliTIanInTTedyIn PD e 3 fuie Aediduans natsdneuay
Uangans 21nnsInuunnvesiadfitngeanuianiaies PD generator fouaznudnluszuy
Sravsmeiadaldfuuansiaguil 4.1 ledunanansnsiainiaduinuasiadaulugui 4.2

& Y1 o & ~ PN RS & v d'
ﬂgLﬁu‘lﬂjqwaﬁa‘UﬂJmuqﬂwgﬂﬂﬁ"IWﬁanﬂLaﬂu@ﬂLLaﬂﬂiu@qiq\‘]W 4.1

I v

M13197 4.1 NAN1INTIVIAVUIAVRINAFNIQNI8MELATES PD pulse generator

fumafidng PD s YUAAL I (MV) e Ay
HFCT No.1 4309.7 uIn
AUEE NANNENBLAY HFCT No.2 4434.7 au
Uaneany PD Line No.1 812.8 UIn
PD Line No.2 864.9 au
HFCT Me.l 4
PD Pulse I Underground Calble
Generator I Simulation
/ HFCT Mo.2 e

(n) wHuewes HFCT

" PD Line No.1

PD Pulse -a Underground Calble
Generator -3 Simulation

PD Line No.2 q

() WuLwas HFCT

JUT 4.1 lnozunsunsnsiainvuniadainiases PD pulse generator
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(n) Wuwas HFCT Aasianglnduin

@) Wuwes HFCT Aaasianylndau

(@) 1 GuUwas PD Line Aaasnanglndquan

1) Wuwes PD Line pdasfianelndiau

sa 1

UM 4.2 vuniiadnaneeanainiaIes PD pulse generator

NANISNAZBUNSAA PD Tuszuuanetaldaldnuiiln1sfoadfudnuaenanisneaz,den

1w =2

Tupn3197 4.2 - 4.4 wazndudyansinienuueiadinTinlauansisgun 4.3 - 4.5

q A

A1519% 4.2 HANISNAABUNNSADAIRUYIABINTUIY PD AuEIY

\Wuwes YUY Y (MV) e Hryeyned Waddgviou
HFCT No.1 296.4 au WU
HFCT No.2 171.6 au WU
HFCT No.3 153.4 au WU

PD Line No.1 223.6 au WU
PD Line No.2 101.4 au WU




O
b

fouusn

(n) naudyaauazanvaziadnTvialannduiges HFCT No.1

o

adEyIouLsn

() naudyanuazanvaziadNnTI9ialanduges HFCT No.2

O

T

fadaeNoulsn

(A) ngudayananazdnuaziadingninldanduises HFCT No.3

(1) ngudayqaazdnuaziadiingainldaniduies PD Line No.1
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() ngudyanuazdnvasiadnTialaandues PD Line No.2

5UN 4.3 wan1snaaeun1sseadnulInfeINgiiing PD Ay

A1519% 4.3 HANISNAADUNNSADAIAUYIABINTUI1Y PD Na1sane

s YUIRFRYEIU (MV) Trdeyeyed Vadaznou
HFCT No.1 37.7 uIn WU
HFCT No.2 101.4 uIn WU
HFCT No.3 100.1 au WU

PD Line No.1 92.3 uIn Ny
PD Line No.2 102.7 uIn WU
L DULLIN

(n) JUwUUd I auazdnuaziadin T inldanduiees HFCT No.1

L adaeNouLsn

() YUV zanvusiadinTIainliannduees HFCT No.2



L adaeNoulsn

Ly

(A) JUnUUA Az nuaziadinTainldanduees HFCT No.3

L Wadaenounsn

Ly

(1) JUUUEwazdnvuziad N9 inlianniduees PD Line No.1

r Wadazyiouusn
(@) JULUUE L aEanvugiadIn T inlianndues PD Line No.2

UM 4.4 Han1svedeuNIAeaIRuUINAgINTAIIY PD Na1NEneY

A1519% 4.4 HANISNAADUNNSADAIRUYIAEINTIIY PD Uaneane
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1%
v o v 6

s YURFRYEIU (MV) Prdayeynd Nadazviou
HFCT No.1 29.9 Tely Tainy
HFCT No.2 91.0 uan NU
HFCT No.3 98.8 au WU

PD Line No.1 84.5 uIn Ny
PD Line No.2 85.8 uIn WU




(n) UwUUdaauazdnuaziadin T inldanduiees HFCT No.1

@

adaeNoulsn

() YUV Eanvusiadin T inliannduees HFCT No.2

O
R

AdATTIoULSN

(A) JUUUAuAzdnuziadinTI9inldanguees HFCT No.3

(¥) JULUUE e zdnvugiadinTainliannduiges PD Line No.l1
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AddEzTIuLIA

O

(@) JULUUdFY L aeanvugadIn T inleanndues PD Line No.2

UM 4.5 HansvegaunsieasiudnufeInTdldne PD Uangany

Y]

NHan1INaaeUNwandlutefuasaazulanal

a @ s

4.1.1.1 nsfidrewad PD Aduaenuinaudyaundugesnndnsiainliazeylu

<

[ ¥
= (%

suwiafeafusasiiutiaunivun meravestininlauilinnsanainfianianisiadeud

(% '
a

voswaduarnsinsadueeifguil 4.6 aunsoliesesilissd
- HFCT No.1: nasiuvesiadauaziinnunnnitvaduinyinbiiudeludiuvesiadauias
Fuwesifadeatuiunsadeuiivesiaday
- HFCT No.2: nasauvesiaduinuaziadaulilagnindnsaudu 0 unvzmdeludiu
vesadaviudumsznsaanouvewundyaiadusniesiidunnninluaedas
wavuesiiafeuiunisadoufivesiadau

gl a a v =

A v c& < A v 6
- HFCT No.3: UiWgInaaUiaulbastgulyaIunAngINUNUNITAaBUNYDINAA]U

<

- PD Line No.1 kag No.2: Wiuasiinsiadunadiinasuiluatsdasdaduiiauway

& saa ) a{' c{' v &
LYULLRIUNALAYINUNUNITIARDUNVBDINAFAU

3UN 4.6 Maadeunvesiadnstldnefiduaedmsuiasreamiuinafe)
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a3 3

4.1.1.2 n3ala1eWad PD finavanguwasUalgaienuingudyaiauiduegasnnea

[ (%
Y v

ns1vinlaavegludunisferiunmun witivesiadsiiianssiutuiunsandeduay

[% '
v a v

g iuduges HFCT findoensnanfidinadutiauuiy mnnavestaninlawuiiosu

[

a « = v & a o I = a v &
‘U']ﬂVlﬂ‘V]']\1ﬂqiLﬂa@uwsﬂ@Q‘WﬁaLLagﬂqi(ﬂ@ﬁNL‘(jUL‘Uai@QEﬂ‘W 4.7 a'uJ']iﬂ'JLﬂi"lgﬁlﬂﬂﬂu

- HFCT No.1: Hasauvasnaduinwazwadaunisluarsiaiianazaionsninlilagn

Y]

a1y 0 weaziasludruvesiadaufivuintesunlasiduasinansaiu

UAUNISARBUNVDINAFAU

¥ s v 6

- HFCT No.2: nasauvesiaduinuaziadaululagnindnsaudu 0 unvzmdeludiu

fal a [ Y4

YaanadautazifulgasinanstutuAuNIsARouNUDINada Uy

sl a a [ Y

a A v e & < d' A v 6
- HFCT No.3: UiWganaaviaubaslgulgaunAngINUNuUNITAaBUNYDINaH] Y

- PD Line No.1 wag No.2: Wuasinsiadunadnedsunluatsdansadudiauuway

WuwesinansatuduiunNIsAaeUNvoINadaU

JUN 4.7 MaedeunivesiadnstidnefinaawasUatganedmsuiansdeadiudiausen
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4.1.2 wan1madeuszuvaeialalafuniinnsreasAutuunanatsguwuuin 1

o

Y 1aunNa1weon1nAIBd PD pulse generator TunmazA1LnuseIn13318 PD 9gld
YU uRUNITadeusTULasLaLalafufdnisseashudafgainaaluiide 4.1.1
IAENANITNAZEUNITAN PD kanIT18azdenluni1s9n 4.5 - 4.7 uagngudayy s

anuneRAd NI InlALaRIRIgUN 4.8 - 4.10

= | a = = a %
19199 4.5 Nﬁﬂ’]iVlﬂﬁ@Uﬂ’ﬁﬁ]@ﬁ\‘i@ULLUUﬂ\‘iﬂa’]ﬂzﬂLL‘U'U‘VI 1 N38U18 PD Audng

e YUY (MV) e Heyeyned Waddgviou
HFCT No.1 245.7 GV NU
HFCT No.2 42.9 au Taiwu
HFCT No.3 104.0 au WU

PD Line No.1 256.1 au WU
PD Line No.2 126.1 au WU

(n) JUuULdyIMLaranvusiadinsIaialdan@ues HFCT No.1

() JULUUEY e Eanvugiadin T inliannduees HFCT No.2



Ly

(A) JURUUd U uazdnwaziadin T inldanduees HFCT No.3

O

adaeNouLsn

Ly

(1) JUnUUEwazdnvuziadinTIainliannduees PD Line No.1

O

M

AdEENoULIN

(@) JULUUdFY L aEanvugNadIn T inlianndues PD Line No.2

5UN 4.8 nan1smagaun1sReaiuwuuAInaIaguLuUn 1 nsfldng PD Aueny

A15199 4.6 HANIITVAFBUNITHOAIAUKUUAINANIFULUUN 1 N58lT1e PD naneany

>
v o v

\Wues YURFRYEIU (MV) Prdayeynd Nadazviou
HFCT No.1 40.3 uIn WU
HFCT No.2 58.5 au WU
HFCT No.3 113.1 au WU

PD Line No.1 16.7 uIn WU
PD Line No.2 83.2 uIn Ny




()

T— Nadavviouusn

(n) JUwUUdaauazdnuaziadin T inldainduiees HFCT No.1

e
N
ee
e

ATNDULIN

r a

0

() JUuuUdyIMLaranyueadInTIa TRl N ues HFCT No.2

L Wadasyiouwsn

(A) JUBULAYIMLaraNvasadInsIaTaldandues HFCT No.3

9

L fadaeNoulsn

(3) UwuUdaauazdnuziadins9inldaInguees PD Line No.1
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9

L adaeNoulsn

(®) JUkUUdFY L aEdnvugadIn T inlianndues PD Line No.2

=

5UN 4.9 namsmegeun1sAeasiuwuuAInaIaguiuun 1 nsildne PD nansany

A15199 4.7 HANSVNAFBUNISHOAIAULUUAINANNIFULUUTN 1 n5elane PD Yanwane

>
v o v 6

s YUIRFRYEIU (MV) Prdayeynd Nadazviou
HFCT No.1 35.1 U Taiwy
HFCT No.2 157.3 el U
HFCT No.3 113.1 au U

PD Line No.1 59.8 Un Taiwy
PD Line No.2 61.1 el Taiwu

(n) UwUUdaauazdnuaziadin T inldanduiees HFCT No.1

() YUV EanvuEiadnIainliannduees HFCT No.2
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Ly

(A) JURUUA U uazdnwaziadin T inldanduees HFCT No.3

(1) JUnUUEazanvusiadinT9inliannduees PD Line No.1

(®) JUnUUd R azdnvuziadnnainliandues PD Line No.2

5UM 4.10 HansvAEBUNMIHOaIRULUURIINA19FULULT 1 nildny PD Yanganey

[

PN Yy v v &
ﬁnﬂmaﬂqivma@‘U‘V]LLaG\IQ\hJGU'Nmuaqmqiﬂaiﬂlﬂﬂﬂu

[

4.1.2.1 nsgldnewad PD Nduaenuitngudyaunduesnndinsainliazeyly

LYY

iIQJI v
fuvafefusazidutraunaunlasln19Ies 1 MR UAUNISNNADIR DAIRUT LR8I

nanegluiite 4.1.1.1
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4.1.22 n3diRrenad PD Minanaenuingudyaiaidugesmnimnsiaialiazeglu

FILNULABIA UL 1 FUes HFCT No.1 wag PD Line 914 2 sinwadeanuidudiuin

(% Yoo a a

e HFCT No.2 wag No.3 Tawadeanuniudiau wanarestifinlaguiliansunaindie

[

d' d' YA a O o« I a a v &
‘Vl'Nﬂ'ﬁLﬂa@quU@Q‘WﬁaLLa5ﬂ'ﬁm§lmﬂL‘(jUL‘U@i@QEﬂVI 4.11 a'nJ'ﬁﬂ'JLﬂi"lgﬁlLﬂﬂﬂu

- HFCT No.1: HasiuUpINaduINaswadauLil i na19ai9¢L a8 hud1uusInagdau
wazidumesinansatuduiunIsAdsuUNvaINaday
- HFCT No.2: HasiuUpInaduINkazwadauLiloinalaalagtna o lud1uussnagday
wazusasinARefutunNIsAdaunvaINadau
a a 9 o‘g @ fal a a [ (v dl' d' v 4
- HFCT No.3: ffigsiadtiauwazidugasineieinuiunisaasuivesnadau

<

- PD Line No.1 kag No.2: Wiuasiinsiadunadininasuiluatsdassaduitauway

WuastindAnsatutufunIIAaaunvasiadau

UM 4.11 msindeunveasiadnidiinenaagdmiviasseasiuluuiinaguuuud 1

a

4.1.2.3 nsdlanewad PD NuarwaenuIngudyaaiidugesyndmsiainliazeglu

)

° A R o ¢ Y & s A v I3
AULMUAALINUNINUALIZVDINAALLUUYIVIN SALIULTULEYBT HFCT NAaINI1INRTINANY

aedinadudiauuiy weravestialawuiliansanainfiamanisindsuivesiaduas

v

NMIARFLIULDIAIFUN 4.12 ausadnsIenlassil

- HFCT No.1 a2 No.2: Has i uaINaduINbasnadauslainaldaldaztnae baiued

Wadau waziduwasinanseiuinuiunseaounvasiadau

sl a a Y

a A o c& < d‘ d' v 6
- HFCT No.3: UiWgInaaviaulbaslgulgaIunAngINuUNuUNITAa B UNYDINada Uy

v o
[ YY) & v

In5193UNadNAA oUN bua18Tand LT utIauwaY

s

- PD Line No.1 kag No.2: Wiulges

< s a o v o = A v ¢
LYULYDINNARNINAUYINAUNIIADDUNVDINSTAU
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5UN 4.12 nsindeunvesiadnstldnenuatgaedmsuiaasdeasiuiuunainaeguwuui 1

4.1.3 wan1madauszuvaeiailaladuniinisdeasfiutuuninasguuuu 2

o

dl 1 d‘ 1 o 1 1 v
FyeauianeeenaIniAIed PD pulse generator TulAazA1nuwein15318 PD ayld
YUIAINAUAUNITNAABUTEUUAELAL DA LA AUNITNITABAIRUT 1R8I Na LU YD 4.1.1
IAENANITNAZBUNITHAA PD Wanes1uazidunlunisnan 4.8 - 4.10 uaznaudyayasiuis

ANy NAdINTIInlALARIRIFUN 4.13 - 4.15

A1519% 4.8 HANSVAFBUNTHOAIAULUUAINANFURUUN 2 NSeIA1e PD Auany

s YUIRFRYEIU (MV) Fadeuey e Nadazviou
HFCT No.1 101.4 au WU
HFCT No.2 72.8 au WU
HFCT No.3 84.5 au WU

PD Line No.1 118.3 au WU
PD Line No.2 29.9 au Tainy
T”aéasﬁj‘u

(n) JUsUUdaauazdnuziadnnTinldanguees HFCT No.1
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v

(A) JURUUAUAzdnEziadinT9inldanguees HFCT No.3

v

@) JULUUEIaLavanvusiadniatalaanduses PD Line No.1

(@) JULUUdFY L aEanvugadIn T inlianduees PD Line No.2

5UM 4.13 HansyaaeuNsHaadRuluuNaNa19sULULM 2 Nsalany PD Auane



A15199 4.9 HANISVAFBUNITHOAIAUKUUAINANIULUUN 2 N58IT1e PD naneany

s YUIRFRYEIU (MV) Prdayeynd Nadazviou
HFCT No.1 52.0 uIn WU
HFCT No.2 104.0 au WU
HFCT No.3 110.5 au WU

PD Line No.1 109.2 uIn WU
PD Line No.2 50.7 au Ny

Y

o

AdATYIoULSN

(n) JUwUUdaauazdnuziadinT9inldanguees HFCT No.1

o

r AdEENoULIN

O

() JULUUE e Eanvugiadin T inliannduees HFCT No.2

3
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ge
e

ALNDULIN

ra

(A) JURUUAuazdnuazadin T inldanduees HFCT No.3
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T— \adavyiouwsn

Ly

(1) JUnUUEwazdnvuziad T inliannduees PD Line No.1

€
Ja\EN

ee

€

ASNDULLIN

r 3

O

(3) JULUUE R azdnvuziadnnsainlianduees PD Line No.2

JUT 4.14 nanmsvadeun1sAsasiuluunana1aguiluui 2 nsgldne PD nateeny

M1319% 4.10 HANTNAFBUNITABAIALLUUNINA19gULULT 2 nsaldne PD Uangane

1
Y Ly

\Hulwes YUY Y (MV) Trdeyeyod Wadayyiou
HFCT No.1 6.7 uan Nu
HFCT No.2 136.5 uIn WU
HFCT No.3 105.3 au Nu

PD Line No.1 130.0 uIn WU
PD Line No.2 146.9 uIn WU

(n) JUsUUd A auazdnuziadnnTinldanguees HFCT No.1
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v

(A) JURUUAUAzdnEziadinT9inldanguees HFCT No.3

Ly

(1) JUUUEwazdnvuziadin T inliannduees PD Line No.1

(@) JULUUdF L aEdnvugNadin T inlianndues PD Line No.2

5UN 4.15 HANSNARBUNTHOARULUUNINA19TULULT 2 NiT1Y PD Yangane
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NHan1INaaeUNwandluiefuasaazulanal

[y A & s

4.1.3.1 nsfidefad PD NruaenuIngudyaaiiduigesyndinsivinlaazeyly

o

[

swnusAgafusasilutiauiaue wenavestifinlagulifasanainfianianisindoud

¥
v a

YA a O o a a Y
EﬂaﬂwaaLLagﬂqimﬂmﬂL%ULﬁaiﬂ\‘iEU‘W 4.16 a'uJ'ﬁﬂ’JLﬂi']gﬁlﬂﬂ\‘]u

- HFCT No.1 1az No.2: NasiuuaInaduINkasnadaumloinaldhaldstnas laiured

s a a v A

Wadau wazduwasinafelfutunisadaunvesvadauy

sl a a v

- HFCT No.3: fiiflegawadtrauuasidumasinafeituiuniseaounvasiadau

'
Ly =

- PD Line No.1 kag No.2: HasIuva9naduINbasnadauLilonanakalagmas luaiu

YaanadautazidulgasinamfelITuiunIsAdauNvaINaday

JUT 4.16 mandeunvesiadnIdlineNfuagdmiuiasioadiuluuAnaguLuun 2

4.1.3.2 nsdidnenad PD Ninanaenuingudyanaidusesvnimnsainliavedly

< s

FunuafefunazidudIaunmue oniuldulees HFCT No.1 kag PD Line No.1 Aawad

ponundutavin wanavestfifaldiuidionsanainiianisnisindeufivesnaduaznns

v ' v
a v & § v = v A

AnRaBuaTaIgUR 4.17 anunsalinsievilanail

- HFCT No.1 wae No.2: nasiuvesiaduinuaziadauionnaudrazimdsludiuves
Wadau lnowduwesid 1 Sfansetudufunisedeuiivesiadau Tuvasiiduges
il 2 fedeutunsedoudivesiaday

~ PD Line No.1 ua¢ No.2: uwasinsiaduiadindouiiluasdasiadudaau Tny
Wulasid 1 fifiansstudnuiunsedoufivesiadau luvasiiduwesii 2 i

WeniuiunsARRUNTaINadaU
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a a v v A

a v c& 4 s 4' YA
- HFCT No.3: {tWeHWAAYIAULLAL Y ULY D TUNALASINUNUAITARDUNVDINAFIU

JUT 4.17 msindeunvesitadnsdiinennaagdmiviasreaiiuluunaina1aguiuui 2

s (% (%

4.1.33 nsdlanewad PD NuarwanenuIngudyaaiidugesyndinsiainliazeglu

9

v 6

sunuafeIfuwazidutIuIntavun eniuduwas HFCT No.3 idanadeanududlau

Y]
v @ =

wgnavestINIalalguiiatsunniianianisindeunivesiaduasnsinfLduigesaagy

Y

[
v a

4.18 @nsninsizilaeadl

- HFCT No.1 wag No.2: Has i uaINaduINasnadausloinaldhaldztnae bdiued

s a v Y v

Wadau waziduwasiindansiiuinuiunseaounvasiadau

a a 1Y =

a A v c& < e LY A v 6
- HFCT No.3: UiWgInaaUiaulbastgulyaIunAngINUNUNITARBUNYDINAA]U
¥ (YR & &

- PD Line No.1 kag No.2: iuasiinsiadunadininasuiluatsdasdaduiiauway

WuwesiiansatudufunN1TAARUNveINadaU

UM 4.18 msindeuivesiadnidiienUatgangdmiuisasdoadiuuuuinansguiuui 2
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4.1.4 NANISNAFRUITUUEELALDA WAUNIN1SABaIRUNdaslay

g aunNa1weon1nAIed PD pulse generator TunmazALnusvoIn13318 PD 9l
YA uiunNITadeusrUvasLallalafufidnisseashudfeainaaluiide 4.4.1
IAEHANISNAZBUNISAR PD Lanes1eazidenlunnsed 4.11 - 4.13 uagnaudayayinsiuis

[y v

anuneNAdInTIInlALARIRIFUN 4.19 - 4.21

A15199 4.11 HANSNAFBUNISADAIAUIINEDIUANYNTMAINY PD Audne

\Wuwes YR8 (MV) VIR Adaziou
HFCT No.1 291.2 au NY
HFCT No.2 166.4 ay NUY
HFCT No.3 149.5 au NY

PD Line No.1 214.5 au NU
PD Line No.2 102.7 au NY

(n) JUwUUdaauazdnuaziadin T inldanduiees HFCT No.1

o

adEyIouLsn

() JULUUdazdnvuziadinsainlianduees HFCT No.2
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T

adaeNouLsn

Ly

(A) JURUUd U uazdnwaziadin T inldanduees HFCT No.3

Wadaenounsn

Ly

(1) JUsUUEwazdnvuziadinTainliannduees PD Line No.1

adaziouwsn
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Abstract—At the present, Thailand has turned the attention to
Underground Cable (UC) systems and trends to use it more to
safety, stability and reliability of electrical system. However, one
problem that can affect to this electrical system is the Partial
Discharge (PD) problem. Most of PD problems are caused by
incomplete installation, maintenance reason and insulation
degradation on the weakest part, especially cable joint. This paper
proposes a method of analysis to locate the PD source in UC
systems with Cross Bonding (CB) focus on cable joints. This work
has carried out in laboratory on CB system model using S0ohm
R58 coaxial cable instead of underground cable. The PD detection
technique according to IEEE 400.3 standard with a RFCT sensor
to refer the appropriate signal. This work uses a PD diagnostic
device that can filter noise from the PD groups and separate
groups of PD for greater analysis accuracy. To determine which
cable joint is PD source and to be able to fix it on the spot. The PD
signal analysis are performed by using time of arrival method
considered together with the characteristics and the polarity of the
PD pulse.

Keywords—partial discharge, PD location, cable joint, cross-
bonding, underground cable.

I. INTRODUCTION

Partial Discharge (PD) is one of the problems that can affect
to this electrical system. It is the occurrence of partial insulation
failure of the insulation system which is an unconnected
discharge between two electrodes. This problem can be caused
by highly uneven electric field surrounding the insulation
system or the material of insulation is not homogeneous and
contaminated. As a result, the electric field stress at some point
is higher than the critical field stress. PD is a random events and
very harmful in solid insulated cable. If the PD phenomenon
expand the discharge area, it will damage insulation material
until unable to withstand electric field stress. Eventually result
in a breakdown that cause of the electrical failure. Therefore, PD
measurement is essential to the electrical system in order to
understand insulation material status of the high-voltage
equipment and predict potential risks in the future and fix the
problems before the damage occurring. [1, 2]. It is difficult to
locate a real PD source in a large Underground Cable (UC)
system, thus the measurement data analysis and interpretation
are very important. With the aim of accurate locating the PD
source, the time of arrival method is considered together with
the polarity and characteristics the of the PD pulse.
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II. CAUSES OF PARTIAL DISCHARGE IN
UNDERGROUND CABLE SYSTEM

As aresult of the higher load demands, high induced voltage
in cable and circulating currents will be induced in the metallic
screen of cable in solidly grounded system. High induced
voltage and circulating current can result in high energy losses,
potential overheating of cable and lead to breakdown. In order
to mitigate the effects of induced circulating current and make
the sum of the induced voltages equal to zero, Cross-Bonding
(CB) of screen was perform in UC system [3].

Y l— Sereen Separation Kit/ Cable Joint
- -
’_LI - ’_LI -
E - W -

Fig. 1. Cross-bonding connection on UC system [3].

The cable in a long-distance UC system often have limited
length, thus they need to be connected to extend the length as
required. The cable end management is an important process
because it is the weakest part of UC system. Due to cutting the
cable, it needs to maintain a sufficient distance between
conductor and shield to prevent the flashover. In this case, the
conductor is separated by insulation which has a low density.
Hence, the electric field in shield stripping part is not controlled
by shield and immediately deflected as shown in Figure 2.

Fig. 2. Electric stress takes place around the ground cutting plane [4].

As a result, there is severe electric field stress in cable
insulation under edge of shield which affect dielectric strength
resulting in the insulation at that point is easily damaged.
Reducing the stress at the end of the wire is required by using
stress relief control or the high permittivity material at the end



of the shield. Most of the failures from PD problems at cable
joint are caused by incomplete installation, maintenance reason
and insulation degradation [5].

The PD problems in UC system can be classified into three
types; 1) Internal discharge if it occurs within insulation material
in void or contaminate area and possibly electrical treeing.
2) Corona discharge if it occurs at the sharp end, sharp edge or
the connection point of high voltage equipment. 3) Surface
discharge if it occurs on a rigid insulating surface in high electric
field stress area.

III. PD MEASUREMENT ON CB GROUND SYSGTEM MODEL

The PD measurement in CB box is more difficult to measure
PD in common because the PD signal can flow through the
ground wire in each phase independently. Therefore, no matter
which phase the sensor is attached, it will detect the same PD
signal from one source or more sources. As a reason, a measured
data is more complex and making the analysis more difficult.

This experiment has carried out in a laboratory on CB system
model. It is a non-conventional PD measurement bases on radio
frequency in the high frequency range. The Radio Frequency
Current Transformers (RFCT) sensors are used to measure PD
signal by electrical detection method. The two important factors
for this experiment are detection sensitivity and condition
estimation from the data analysis. The time-domain PD
detection and location are based on and IEEE 400.3 standard [6].
As the result, three RFCT sensors should be set the sensitivity
ratio by the appropriate signal reference. This model using
50ohm RGS58 coaxial cable instead of UC all three phases for
distance of 100m. The sensors chl, ch2 and ch3 are installed at
ground wire in phase A, B and C on the same side, respectively.
The RFCT direction of channel 1-3 is set to flow out of the cable
joint as shown in Figure 3.

Fig. 3. CB system test model.

The conductor and ground wire on this CB ground system
model are replaced by using red and black VSF wire with
distance of 2m and 4m, respectively. There are a diagnostic
measuring device for analyzing and locating PD signal and using
two PD generator brands for simulating PD pulses.

The experiment is divided into two conditions as follow;
First condition, one PD source in each cable joint, PD pulse
generator injects PD signal at A, B, C, A', B' and C' position.
Second condition, two PD sources in cable joints. For this case,
there are only three cases examples to compare the differences.
Two PD signals are injected at three pairs of cable joint which
are B-C, A-A' and A-C' position. In the part of PD generator, a
positive PD signal is injected at the conductor wire while the

ground wire is received a negative PD signal.
Channel

Fig. 4. PD signal and PD pulse from a PD genertor.

Since the PD signal cannot be measured in form an electric
charge but can measure the voltage and then change it to an
assumed electric charge according to the sensitivity ratio (V/nC).
Figure 4 illustrate the PD signal which is supplied from a PD
generator to adjust the sensitivity of RECT sensor. The reference
electric charge can be adjusted as required and set in a program
to match the value. The sensor will memorize the reference
value and tuning the sensitivity ratio to match the next reading.

IV. PD MEASUREMENT RESULT

The PD signals are measured by RFCT sensors with a
sensitivity approximately 2.7-3.0nC/V and they are connected
with an analysis equipment that can separate noise from groups
of PD signals. It is useful to analyze PD signal accurately and
determine which cable joint is problematic. The experiment
results of one PD source and two PD sources condition are
presented in the subsections below.

A. One PD Source in Each Cable Joint

Refer to the first condition, the first PD generator is used for
injecting the PD signal approximately 3-4nC with frequency
800Hz to cable joint in each position. The values of measured
PD signals are shown in the Table I. The maximum value that
RFCT sensors able to detect in each case, it can be considered
to phase position of the PD source but it cannot be determined
which side of the problem cable joint. The analysis for finding
the location of PD source will be discussed in section V.

TABLE L PD AMPLITUDE AT EACH OF CHANNELS FOR ONE PD SOURCE

PD injection PD amplitude (nC) at each sensor position Pulse
position Phase A (chl) | Phase B (ch2) | Phase C (ch3) | polarity

A 0.343 0.142 0.155 -
B 0.147 0.379 0.175

C 0.168 0.16 0.301 -
A 0.283 0.125 0.126 +
B' 0.126 0.333 0.146 +
c' 0.157 0.142 0.318 +

Figure 5 illustrates the Phase Resolved Partial Discharge
(PRPD) when injected PD at A, B and C position. It is found
that there is the same pattern on negative side because RFCT
sensors are clamped at the ground wires in the same direction
as the PD signal. Whereas the PRPD of A', B' and C' position
presented on positive side because PD signal flows opposite to
the direction of RCFT as shown in Figure 6.

1) PD signals injecting at A, B and C position

Channel 1 Channel 2 Channel 3

Fig. 5. Negative PD Signals injecting at A, B and C Position.




2) PD signals injecting at A', B' and C' position

Channel 1 Channel 2 Channel 3

Fig. 6. Positive PD signals injecting at A', B' and C' Position.

B. Two PD Sources in Cable Joints

Refer to the second condition, the first and the second PD
generator are used for injecting the PD signals approximately
2-4nC with frequency 100Hz and 800Hz to two cable joints for
all three cases. The values of measured PD signals are shown
in the Table II. In order to determine the maximum PD
amplitude in each phase, these received signals from each PD
generator must be separated into two groups before and then
compared the values in each group.

TABLE II. PD AMPLITUDE AT EACH OF CHANNELS FOR TWO PD SOURCES

PD PD Amplitude (nC) Pulse
position | generator | Phase A Phase B Phase C_| polarity
B Second 0.063 0.155 0.074 -

C First 0.149 0.160 0.299 -
A Second 0.155 0.109 0.084 -
A First 0.330 0.127 0.133 +
A Second 0.149 0.068 0.069 -
C' First 0.149 0.131 0.266 +

Figure 7-9 present the PRPD patterns of the both PD signals
from each of PD generators. For all three cases, when compared
with each other, there is different pattern because of different
PD sources. The reason for the polarity mismatch of these
patterns is described in the previous subsection.

1) Two PD signals injecting at B-C position
Channel 3

Channel 1 Channel 2

Fig. 7. The both negative PD signals injecting at B-C position.
2) Two PD signals injecting at A-A' position

Channel 1 Channel 2 Channel 3

Fig. 8. Negative and positive PD signals injecting at A-A' position.

3) Two PD signals injecting at A-C' position

Channel 1 Channel 2 Channel 3

Fig. 9. Negative and positive PD signals injecting at A-C' position.

V. PD ANALYSIS

Noise-filtered data is analyzed through Time of Arrival
(TOA) function and considered together with the characteristics
and the polarity of the PD pulse in different channels that helps
to find the PD origin. The nature of the pulse which near the
source, there are a large amplitude, narrow pulse and leading.

A. TOA technique

TOA technique is time different comparison of the first PD
pulse between the receive signals from the various sensors. This
method is suitable for PD locating identification on branched
circuit and long cable lengths [7]. In this test, RFCT sensors are
used to detect the PD signal flow into a coaxial cable 200m. The
sequence of sensor position has a distance of 100m starting
from channel 1. When signals of each sensor are compared, it
found that there are different detecting intervals which depend
on the distance between the sensor and the PD origin as shown
in Figure 10. The green, red and blue line represent the sensors
channel 1, 2 and 3, respectively.

Fig. 10. The time-domain comparison of different PD signal position.

B. PD Location for One PD Source

The first condition, it is observed that the PD pulse polarity
related with the PRPD pattern. The pulse characteristic nears
PD source at left side is the largest negative pulse and leading
other channels whereas PD source at right side is positive pulse
which indicate the PD origin as shown in Figure 11.

a) A position b) B position ¢) C position

d) D position e) E position 1) F position
Fig. 11. PD pulse charactoristics comparison of all three channels at each PD
soruce position.



C. PD Location for Two PD Sources

The second condition, it is observed that RFCT sensors can
detect two PD signals which are clearly different pattern as
shown in Figure 7-9 but the both PD pulse characteristics are
similar. To separate each of PD groups and specify the PD
location from, it must be determined by the amplitude, pulse
polarity and TOA method. The first case, the both pulses are
negative because the both PD sources are injected on the left
side as shown in Figure 12. It found that channel 2 on left graph
and channel 3 on right graph have a largest pulse and lead the
others. It is the reason to support that the locations of PD
sources are B and C position.

B position C position

Fig. 12. Two PD pulse characteristics comparison at B-C position.

For the other cases as represent in Figure 13 and 14, it use
the same method of locating as in the first case. In addition,
when comparing between lefr graph and right graph, there are
PD pulses occuring on the negative and positive side because
the PD generators injecte on the different side. The Figure 13
indicates channel 1 on left graph and right graph have a largest
pulse and lead the others. It is the reason to support that the
locations of PD source are A and A' position. The Figure 14
indicates channel 1 on left graph and channel 3 on right graph
have a largest pulse and lead the others. It is the reason to
support that the locations of PD source are A and C' position.

A position A' position

Fig. 13. Two PD pulse characteristics comparison at A-A' position

A position C' position

Fig. 14. Two PD pulse characteristics comparison at A-C' position.

Based on the examination results in all cases, it found that
the noise filtering is useful to separated clearly group of PD
signals. As a result, the measured data can be analyzed more
easily, compared differences in PD characteristics clearly and
leads to accurate locating the PD sources in the cable joints.

VI. CONCLUSION

The PD measurement is one of the most common methods
because this method can perform online measurement in a
normally operated system. Since the PD signals measured in CB
box are complex and difficult to determine the location of PD
sources. The analysis and comparison of difference PD signals
should be done thoroughly. The target of this paper is to locate
the PD source at cable joint which is the weakest part of UC
system on cross-bonding system by using electric charge
detection. The three RFCT sensors are clamped on the left side
at the ground wires in phase A, B and C of cable joints and in
the same direction as the negative PD signal. The received
signals from sensors will be analyzed the characteristics together
with the TOA method comparison. The sequence of analysis is
as follows:

1) The pulse polarity consideration, the negative PD pulse
indicates that the PD source occurring on the left cable joint
which is opposite of the positive PD pulse.

2) The pulse amplitude consideration, the largest PD pulse
indicates that this pulse is closest to the PD source and the
amplitude will reduce as the distance is greater.

3) Time of arrival method, the comparison of the duration of
each sensor that can detect the first PD pulse. The PD pulse
which lead the other will be considered that this pulse is closest
to the PD source and the duration will increase as the distance is
greater.

The advantage of the sequential analysis is useful in clear
analysis from the receive PD signals and lead to the accurate
determination of the PD source in the cable joints. Moreover, it
can predict the potential for future risks in order to solve the
problem in time before the damage is done.
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«CDR» - High Voltage Cable
Monitoring and Diagnostic System

The widespread introduction of the power
cables with an operating voltage of 110 kV and
above, which are critical components of the
distribution network, increasingly raises the
questions of effective cable condition diagnostics,
especially on-line monitoring.

There are two types of monitoring systems for
HV cables: one is based on thermal monitoring and
the other is on PD measuring in insulation. The first
method is more useful for cables thermal load
monitoring; the second way has maximal sensitivity
for defect diagnostics. Using a complex monitoring
system with both the methods is optimal.

«CDR» (Cables Diagnostics Relay) complex
device by DIMRUS meets the requirements. This
device is used in monitoring systems for cable
condition monitoring and troubleshooting.

«CDR» system has got the following
functions:

e Continuous monitoring of HV cable
insulation condition based on measuring and
analyzing PD level and distribution; identifying the
defect type and degree.

e Automatic on-line defect location in the
insulation of both joints and cables.

e Continuous temperature measurements of
the cable terminations, situated near the measuring
device.

e Monitoring the value of the phase currents
passing through the cables shield, with a
supplementary current sensor. These currents are
negative for cable load due to the increased
thermal stress on the insulation.

Two types of sensors can be used with
«CDR» system in dependence of the cable
line design and installation.

1. «CDR-S» sensor. This is a PD and joints
temperature sensor installed on the cable surface.
«CDR-S» sensor is a flexible metalize ring up to
200 mm wide. «CDR-S» installation is simple — the

sensor is wrapped around the cables near joints
and terminals.

The sensor operates in UHF frequency range,
so it has the highest
sensitivity to the closely
located defects. That is,
the sensor measures PD in
the nearby joint correctly,
but has lower sensitivity to
remote defects, because
of PD damping in cables.

2. «RFCT-7» sensor.
This is a current transformer for measuring high-
frequency pulses in the cable shield grounding.
«RFCT-7» sensor is a split-core sensor, consisting
of two parts, and it is easily installed on the cable
shield grounding conductors or joints. So, «RFCT-
7» sensor is installed

without  breaking the
ground circuit.
«RFCT-7» sensor

operates in high-frequency
range, that is why it is
sensitive to the defects
that may be located at a
distance of up to several
kilometers. But «RFCT-7»
sensor is less sensitive to the closer defects than
«CDR-S» sensor.

The features of PD pulses measuring and
analyzing by «CDR» system.

«CDR» system has 6-channel device for
measuring and analyzing the cables parameters. It
is modern and effective device for PD measuring.

The features of «CDR» device are:

e PD pulse measuring in wide frequency
range — from 50 kHz to 1 GHz. The frequency
range is so wide because the PD pulses reduce in
amplitude and grow up in length while moving
along the cables.

If a pulse arises near the sensor, then its
frequency is very high, up to hundreds of MHz. The
frequency of a remote pulse may be several
hundreds of kHz “only”. The longer are the cables -
the lower is the frequency of the measured PD
pulses can be.

e «CDR» system has two modern methods of
defect location in cable insulation. The first method
is based on analyzing the reflectogramms of PD
pulse distribution in cables; the second method is
based on analyzing the time of arrival of the PD




pulses from the defect place to the ends of the
monitored cables.

e «CDR» system includes «PD-Expert» expert
diagnostics system. It allows identifying the defect
type and degree.

«CDR» system has the following specific
solutions:

1. PD pulses are measured synchronically in all
the 6 measuring channels of «CDR» device. This is
a compulsory condition for all the diagnostic
algorithms to operate.

2. If there is the need to monitor several
cables, then several «CDR» devices should be use
in the monitoring system. In this case, the problem
of PD measurement synchronization becomes
global.

Such synchronization can be achieved in two
ways. At the distance of up to 1 km the PD
measurements are synchronized by fiber optic: the
synchronization pulses are sent through the fiber
optic and the information exchange is done
through the fiber optic. If the cable is more than 1
km long, or there is no possibility to lay fiber optic,
then the measurements can be synchronized by
GPS/GLONASS, the GPS receiver is built into «CDR»
device.

Cable monitoring systems with
synchronization by fiber optic.

In the first figure, there is a scheme of the
monitoring system for the cable with two joints in
each phase. The monitoring system consists of 4
«CDR» devices and a computer with the special
software. The cable length is small and the fiber
optic can be wused for the measurement
synchronization.
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Cable monitoring system with

synchronization by GPS.

In the second figure, there is a scheme of the
monitoring system with global synchronization. In
this case the information is transmitted through the
usual media (local network, global network, etc.),
which are not shown in the figure.
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«CDR» system can be connected to
SCADA in two ways:

e By fiber optic.

e By RS-485 interface.

For monitoring of both one cable or several
cables, «iNVA» software is supplied together with
the devices.

ModBus RTU or IEC 61850 protocols are used
for information transmission from monitoring
systems to SCADA.

Specifications of «CDR» system

Parameter Value
Rated voltage of monitored cable line, kV 10 + 500
Insulation condition monitoring method PD
Cable temperature monitoring method Pt100
Currents-in-cable-shield monitoring method CT
The number of the cables (phases) monitored by one device Upto 6
The length of the cables monitored by one device, m Up to 6000
PD measuring range, MHz 0.1 +1000.0

SCADA connection

RS-485 interface, fiber optic

Synchronization of several devices

GPS, fiber optic

Temperature range without heating, °C

-40 + +60

Supply voltage, V

AC/DC 120 + 260

Device dimensions, mm

400 * 230 * 110




10/30/22, 11:02 PM onsite.hv.technology

HOME SERVICES COMPANY CONTACT

Home | Products | Cable Diagnostics | MV Accessories

The Calibrator CAL141 has been developed especially for use with the OWTS-
Systems. The Coulomb range matches the range of the OWTS-System and the
Calibrator CAL141 is in application with the OWTS-System protected against over-
voltages.

The Calibrator CAL141 can be used with other partial discharge measurement
equipment without any limitation. The benefits towards other calibrators are the
small coupling capacity of 100 pF in the calibration ranges of 1pC up to 5 nC as well
as the large available calibration range of 1pC up to 100nC.

Technical Specification:

www.onsitehv.com/technology/en/products/CableDiagnostics/MV-Accessories.html
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