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ABSTRACT

This thesis presents a simulation of the partial displacement (Partial Discharge (PD) propagation
in the coaxial cable of an underground cable system by studying diffusion, pulse reflection,
reduction of pulses, and pulse signal measurement techniques which includes analysis of
practical results in the laboratory by the time domain reflection (TDR) method for the
determination of PD pulsed in underground cable systems with different grounding position.
The research will be divided into 2 parts: 1. Simulation in the PsCAD program and 2. Laboratory
testing. Both parts will simulate 3 types of grounding: 1. Single-point Bonding 2. Middle-point
Bonding 3. Both-Ends Bonding. The simulation uses a pulse source that is configured to output
the same signal as in the test. This includes configuring various cable parameters that match
the cables used in the test. In the test, the PD pulse signal is measured with high-frequency
current transformer (HFCT) sensors installed in different locations for analysis. Comparison of
signal patterns and characteristics of PD pulses produced during simulation and testing of the
research study that Analysis of results in testing of underground cable systems with one or
both sides earthed with the same sensor mounting location. It was found that if the grounding
on both sides has the same pulse pattern and pulse characteristics, the difference is that the
amplitude of the pulse will be less than that of the single-point bonding slightly. As for the
PD pulse propagation analysis, the simulation and testing of the three grounding models were
consistent in both the simulation and the test, but since the simulation was simulated in ideal
conditions. This allows the use of TDR techniques to accurately determine the partial
discharge origin distance. as well as clear pulse reflection, no noise and exact attenuation.
While the test results have a lot of external influences which result in the pulse signal being
unable to be measured without proficiency in instrumentation including the occurrence of

high attenuation from cables and connectors.
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Annaralunisfsfanienisiigeng auinazgnanauausalunsvimifivesiaies mnudes
Tinsideuaamuazminfnunitmidiudeludes q e1vdilugmsdausnamiilnsaysaideasyii
TAnaudemesionssieszuvaaadaldiu fudu iedunsdestuldifuinmgnisaifand
Tu M3ns19a0U TinneiasUssdiuaninesaunilussundsdimuddyuesdniuogwnn o
Wunnmslumsnasmumsdesrssinnliiszuuiadaldfuilanmimielflivinisognasaiian
uariiUszAvinmgeiian Snvisdidieiiuamsfunniideietsiu

mMsUszdunadenanmusssyuvatauansatigludssnsmensalianisallusuinei
orafntuld Fulunadnasfuvsslonitensnaununmstissinmssuvaaadaldifunazdean
Aldaoiilidndusentuls dagtuiBnmanmaasunasiinneiauiuannsavilsvateds wu msdn
AIAUAIUNIU NMSNAFRUANUNUIUABLSFUlN N1snRaeuTadanisnseale (tan delta test)
Hudu venanigsdtnisvileildsuanudeuuasfinsfinuitoogaunivanslusnsszma fe ms
a5 aRavI9aUIedIu vSe Partial Discharge (PD) Ww3EAianusasdudunsidluvmesissuuds
ansadndunsldmuuni (On-line test) Tsuamansiaindiladiufazannsausziduszuvaunly
anmnsvhuunFnidedluduvesluansing q@amundon gamgliuasy) wifidiidedfnly
Sewosdyyusuniu uenaniinisnmata PD Seunsadidumsuveenlativienismaaoy
szuuluvngvgansldnurenada FBiasilaunsafvleyaiufuannsdnaaeuwuvooula
I 19 an150USUTEAULI IR U WS IfuS 1Anuee PD w30 PD Inception (PDIV) wazwsas
anviiglun1sifin PD wia PD Extinction (PDEV) Haiin1sTinsiesidnumey PD lussuuimdaldduly
mesuuudiawdudeuduognann iesniladevesusarszuuliamuuandtediu Wy szuuns
Aoasfuiuanasiu vessuud gl oudeasuduiasyuula Wudu Momanadisfudals
yhnsfnudnasunadalumnmaiauayiBnsiinseinanisaaeuiifiganisroasiuiiuansiaiy



FWANTAATIZRAMLUINITAA PD 9a1nnisinasinssoasauvesszuuiallalanuiuanangiulu
TUsunsunisdnans wWedlliludedsuaziuimslunisinsigddgaiu PD insiainlaainnig
naaouszuualalaauluiesufjuiRinag seld
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1.2 ﬂ’]']ﬁJﬁ»jl\‘l‘i/iﬁJ'l‘c’JLLag']ﬁq?JiSﬂ\‘lﬂ‘Ua\‘iﬂ’liﬁmﬂ'l
1. i eAN®IN1591809N15NARAYISIVNAIUTIUDIA WA NBULLANIZUALNITAR BUVBY
Fyyransfernsavauitintuluauiuaiiavesszuuailalanu

o ¥

2. WeAnwn1Inaindyauuaznsazisurssndufarsauaulussvualaldnu
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3. BANYIILATIE AN URATITAUNAIUTATINIALARINTLUULALDA LA AUNL A ULANAT

A7}

YDINLRUINTHOAIAY

1.3 AUNAFILVBINITANYN

1. waaInMsiassnsieswinauasyeuarun e luldlunmameadidaiadianise
vsdhulalagannsagudulaannmsvegeulunieadifinig

2. HAANNITIATIZUYYIUNAFAATITIVNEIUIINNITIIARIIEUUALDa LI A ULaE NAED U
aelutesufuiRmsanunsnthlueuiioufuldifediudseansnmuazemgnaeausiugilunns
APz

3. aNNITINF Y UTadRFUITIVINEIUAINNITIResTs VLA alifuLaznadeunielu
el URnsarunsatunainnisnsiaialilseyndldlunisnsiadndygyinnanisauivdiuly
Aeaule

1.4 Y9ULUAVBINITINY

nsvhanAdeldinmsfnviiefunguinisunsnsyatevesiad PD awluszuvauiIuves
svvuanelwldau wdousdnvunaianisesiaiadagia PO lussuuadeldauuasmsdnsei
ANBALNISAN NMTWNTNTEY NFaETioULAZNITITYAWILIAnEaves PD anglussuvaedsla
Fuiiindam Tnesnuidelldudimstiansitoyanisnainesndu 2 dau Ao 1. masassnig
wnsnIzatevasiad PD Tulusunsudnaed 2. n1svaaaunisunsnseateveanad PD Turesufjumins
dmsunsnaasuluiesuiinisezdnassatewnidalafusivaislanenifion (Coaxial Cable) wag
Sraesdyaniad PD daewnsesdnedygaiad n3e PD Calibrator waglding esonadlaalay
dnsududgin Tnsavisunsnaaevanidesdudiedeulafiuanmeiuluduesssevainuen
mml,azmiﬁzgmL%'amiaswdwma WeRnudnuvazvesdyanafiwanseiy nMsaaneuvedyyial
warnsiindyanaiadasiou ansuinissiassszuuadaldaulnoutsoenidy 3 nsdny
SNWULNITROAIAU AD 1. N1TADAIAUTINLAYT (Single-point Bonding) 2. A3HoaIRURULAINANS
(Middle-point Bonding) 3. nssoasRuTaaestats (Both-Ends Bonding) Wednuwunadalunis
axninuariinsieseinanisnaaeufiuansaiy



1.5 YUABUVBINISANTI

W.FA.2565

ANTANHUIU
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1. Anwmguiiazauidelusiedsene
LA UINUA NYUL VDI Qyey1ad PD
WWnduluszuvaaadalanu

2. Anwmgufiazauidelusielsena
LAEINUNITNTIVIALALNIFTATIEN
doyayeu PD

3. Feusnistiauldsunsunldlunig
31809

4. 98INISNAFBUTTUUANULALTALAAL
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N aN15APAIAULANA 19N UTY
WiosUURn1g
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ANTANTUIU
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5. Wudoyauarinssinanisdnaed

6. viUTRYAKAYTATIENT DY ANANIS
vegauluiealusins

7. .USgULN YUNANISTIABIRALNIS
negauluviaaluirns

8. asUnalarUsuLiuUNg

9. InviLena1TUS U ITINUS WazIATYL
FULAUD

1.6 Uszlaguuivaan1siniag

1. ¢§umnuduazmnuitilonisunsnszansvesiadaausaunsdnluszuvaneindaldfuid
sULUUMIRBAINT A TUANGaY

2. aunseiiesednuuanzesULUUA YR LA TUTIesRdRaY SIS ARty
anewaLaldfiu

3. ansnssymwlRaiafanaudnlfnmslinn siiadasieudiiad unieainnns
Wisuiflsunanvesiadandumisuasiimnaaiesiotaluusiazsi



2.1 99aUsEnavaeLALlalAAY

anowendaldfuildlussuulihdnsginannatesidn  wilutslifidfdunndeldaenda
¥UaauIu XLPE (Cross-linked polyethylene) uwa%uﬁawmmiamé?qﬁdwLLazﬂﬂqa%’ﬂwﬂaj
gapnniadsmunusoaanilés Tnethgtuaemdaldaui adn. THnuiissduuseiuiunans
(22-33 kV) wazusesiuga (115 kv) Taesegsaneiadaiildnuazuanseglusunind 2.1 uay 2.2

Spunbond tape
Conductor shield

Insulation shield
[ PE sheath

!
|

Insulation g opper wire with copper contact tape

" Conductor

U 2.1 eimaldmuussduliunans 22-33 kv

Non-conductive W/B tape
Conductor shield

Insulation shield |

= Plastic-coated Al tape
PE Sheath

!

1
. | —

Semi-conductive W/B tape

Copper wire with copper contact tape

Conductor
Insulation

JUN 2.2 aneiabalafuusatugs 115 kv

d' @ 1 a 1 n:l' = [} 1 .:4' 1 [} 1 1
INFUN 2.1 uag 2.2 agmuinalaiivduiivilouiuiasunsduiunndeiu lngudazdiu
¥9999nUsEnauULADavz NN Akans1Auly A9t



1. #11 (Conductor) Yiutnnunsewalni Inasunaziinainraleanuae
a. Solid Conductor

b. Round Stand Conductor #3a138n131 FLFLNAE"?

(@

. Compact strand Conductor #3ai38n31 fdaudy Aedidindeiigniunduly
fluwadurihugudnansdnaitoanyunainuiuiy

o

. Segmental Conductor \Judnwagvasinhfindeingndnliluiyu Sesment wazus
8 Segment dgdlawiuviunautuisIuiy

e. Hollow Core Conductor LHu@itinveas Oil Fill Cable Insidusdnumuzaassitiilduns
A59nNa19 Il uviadaningiu

. Conductor Screen sini171viluRIduHave s kavauIwssulidyeednandainunng
Andlnfngsmnasentaduaimguein1sinn1siay1saueean (Partial Discharge)

N

= I

3. auliih (Insulation) viwthiduldlvinssualnihdalvansednisasauiansagidesessuy
Lt

. Insulation Screen ¥nut A uLAeIiU Conductor Screen Asanusanulni1nnasauUS LI
AdunNave9 Insulation wag Metallic Screen

N

5. Metallic Screen 38 Sheath vivindudusazidunislvnseualniilvanduluns@ifinnig
72995 veRsedsvimi A uduiudilunsiivesanswadalaun (Submarine Cable) #39%in
ninnsnerusuneludmnsu Oil Fill Cable Metallic Screen aaumunsardurdunls

6. Reinforcement #3538 Armour tJus ufi Lasusil ol a0 at A uNUNIULITINIINAIN
Aeuenfionnagyiliasiadadiaideme tnganizatsndalauimsealunianidany
TnenTe veassdslidusisunsafalunisainanasae

. Water Blocking Tape tUuguiiaiuduinlunstivesanaimdaldtuussamldluusinnniuuay
wisdesiuinlvaidldmuwnasiada laenalazinanaisdunsizviuazil Swellable
Powder (a13gaduundlluaiveneda ddnuwaztunipdiewds) lnentluavedseninedy

~

Insulation Screen U Jacket

8. Laminated Sheath tJugufiuiinuuuirnsluaisndausegadidnvauzdumulansiudae
Plastic Mea@aniina1nuLuIveaseu Ground Screen lngwatainfidiuenuazialuvasny
sxgnavarglifaiuluiledesiliaunsatesiululiluanavesiunsitudlugauiy

g1

9. Non-Metallic Sheath 3aflisuniulaealuin Jacket vt dosiunsinsesunndondne
YULARFIEILALTR



Tnganewadangninunldluausingeg azgneeniuulvidianumansaudenisidanu daazunneng
fulumusnnsgruvesangiaiauazaden1anisivesninsiuiennsguresnisinasign
MruAvsegNe19dalagiivesauiueg

2.2 N15ABAIAUINDNISYINUVDITZUULALLA LA AU

nseeasiy wen1seefu sevinisiefiaredas (shield cable) wiedufiisenin Metallic
Screen 38 Sheath vesmeiaLdaldiu ilevilinmsnszaedvosausliiianaesniludgade
aapufinuainaue wartiedesnisfunmsdnusnanifianiy Sasvhlissuuiiadosainlunig
ety dmsvaneadalasuiiiudedinsdoasivediaies 1 9a fofuuanisreasiu
dmiuanendaldiuazudseaniu 2 dumuszuuuseiulii dedl
2.2.1 msseashudmnsuaealalanuy Tussuu 22 -33 kV
NsReatAuYesEUUAETalAANIEAY 22-33 kV #1371504enJULUUAINTEEYAIINE
awla 2 LLUULLamﬁqgﬂﬁ 2.3 uay 2.4
2.2.4.1 msAeasiune 2 Uae (Both-Ends Bonding) @wsuszesnialuiiu 500
LAT

< <500 1LRT >

5U#l 2.3 nsdeasAuvivaaslany

TAgNANNITUATTUY 22-33 KV anseezangluiy 500 Was @1unsainn1saoasiu
WUUAULAEA (Single-point Bonding) e waanuaunsalunisuiinseuavesanaaiaagil
AgeMIRDasAUY 2 Fudntios useudaondusnd

2.2.1.2 MssiasRLLULMaTBA (Multi-points Bonding) dmiunsdifiszezansiaida
11NN 500 LUAS



yialALLa (Cable termination)

/'i'mr;’l'amﬂ (Splice)

A =B = C (U111 <500 LURS)

UM 2.4 M3sieasAuLUUTAIEIN

2.2.2 nseeashudmsuaraalalanulussuu 115 kv

nsreatiuvasssuUamealaladussau 115 kv dmsuynnsdl (Wddnssezanaiela)
Fuseasiuts 2 duvesadawinnin iesainwnyinissieri 2 d1u axilleniainnseua
IvaulumedasligagilnAnauiouasasnnauarsieiadisavieiinaudone
91nANou Ssdeundslasaisdrmiaduvaredaliiaue dawlazifaussulid
mﬂmﬁwﬁ%gmﬁ’ﬁmiﬂﬁﬂmﬁu 65 V 1agn1560a3fuueIssuy 115 kV 8111900 usnussey
amgaeld fadl

2.2.2.1 MIRBAIRUTILAEA (Single-point Bonding) dmsusyeglailiu 500 tums

vinlALla (Cable termination)

F19141 (Conductor)

2.2.2.2 A3siasRuLuLANa1e (Middle-point Bonding) dwuszagnie 500
-1,000 tung

WiiALLia (Cable termination)

#2111 (Conductor)

-
o ki

\Metallic Screen N 7!\’1915»1'@@'1'3 (Splice)
4—<500 LlURT —P | 4— <500 LUFT —p

JUN 2.6 MIFRAFIULUUNINANENEYRITYUY 115 KV



2.2.2.3 msnpasauluulyd (Cross-Bonding) d@ususgeennaunnnin 1,000 LUAS

3i91ALLiA (Cable termination)

= ar @
/qmwmﬂﬂﬂnmm

NANLTIaHANE
¥ Link box i Surge voltage limiter
4——A——P»4—B—P4+—C—F P>

A =B =C (huzii1 <500 1ieg)

SUN 2.7 mssieasiuuuulyivesssuu 115 kV

2.3 MsaNsagarsauIedInlualeaiialanu

ﬁWEJLﬂLUaIG]ﬂ‘UGUUWQU’JU XLPE fenihulalusussuvaredalwililafuduognenn L‘Ll’eN%’]ﬂil

AudnyzAunzan uwidsesiumeniaiifiqeseustamiliiamsdimanssnusossuuddlulin
Tadauld 1wy pstAnnsAasauINdIunse Partial Discharge
N15ARAYISIUINEIUNS Partial Discharge Aia n13Aawasawuuliauysal ndanuniilviin

nshassatuldunnevilrauuddsuanwdudiiildnasanuiseninedidniasg nanfe n1sn
szuvauuinnNsEsaRgsanInn s vawwiesudIy dadunsaavfanluladnsweulesda
fuszN9BanlaTe NISARRaYNsAUNAINasRRTUlUSsUUALIURTA Nwzauu I A lasi e

Lidulladeriuvielidniovu Gwgyhliananuasenganiidinnunionaunliniaings uel
g lrilAausnandlaganysalla lngusennveafayIaundiuainsalenauanyuenIsiin

ponilu 3 Uszunn uananagui 2.3

H| >4

a) corona discharge b) surface discharge

c) internal discharge

gﬂﬁ 2.8 Uselnnuefaunsau1ed@iy (@) Corona discharge; (b) Surface discharge; (c)

Internal discharge



USEnMYBINISAaYISIUNEI

1. Talswfanida (Corona discharge) awfntuiifiiuatouvay YOUANNTDUILINNABUDS
qﬂﬂiﬁﬁlw%LLiﬂgjqﬁagﬂummﬂﬁaﬁwmmﬁuﬂﬂa swBuAnilennanadonauliiiiu
Aaualiningeluennia Taeileiinlalsunfau$aluoimaazanansnduslifesanienu
fio wldtudesdads adodosuuasdu visluneuiilinativavifiuuandose

2. Havisanuiy (Surface discharee) Watuuuiiuinvesauunisuusnaiiiauaionves
aunallntihgsdsadngrauAnnsiavsaluduiiduoina  wiluduvesifuauiuudsdsd
Amnmusiausafuliihgaddlionafinnsusnamiinegllidaasiliiansalumsinves
AUIUMTIUNIY

3. favdanely (nteral discharge) WRntuneluauiundsdomar Fednwasiioauiudl
Yovine Inssemavdeiimstudeu \dernuaieannauslnihuesuiudnintuds
Poshevielnssenmaanfugaiivudeninaionldosdsasiiliilugmausnamilude
auuvseonaiadu Electrical Treeing

mafnAasrudnlusaza s dndsnudowliiuiufaaunludnasrunsaumndy
wrliAnamSouivtuenizyn unalfasfisemaeiviilvamudemeidugn uasians
Aemsosuenesunntuaitlugnisiiausnamdosauysalld Sashliauudems orgamsld
nuduasteunnsdenanhlganudemesossuulnihegisnn

2.4 NITUNSNIZIVILSIAUNAF LAz ANISWRIRAUTIAaauN TuaeAaLda

1
Vw = —= 2.1
) vV Er€olrho @1

a

139 &o AD Permittivity of free space or Vacuum permittivity W3ol3un31 AUSIRAIR
YDIAYINA Feazdlen 8.854 x10-12 F/m

(%
[y

&y Ao Alasinminuesing

o A Permeability of free space or Vacuum permeability #3et38n71 Alosiida

1%

anvesgIn1A AAYindy (4TT x10-7 H/m)

g ]

a v W

Uy 79 AUasiTadnduing

Tunsainauiuvesatsadatdua1nid(@satd awuutUdae nseatewadalydaudiu)

U
sa adey o & [ & < dl'
NUBARHUNNG (Uy-) Y0301n1ATU 1 Y9 ANNLITOIAAU

fa

ALURTINAIRYRINg(Ey) WazALUos
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[ 1w <@ N = Al d' 1 <@
wamsmmummLsaﬁuamawLﬂaaumiuqcyzg’]mﬂ (C) prugaunITn 2.1 amﬂsﬂmﬂuamwmi

1911939 auuvassluasedaliladianizuuuldsedsdanaliausirduanasnudadey
AMUSIBIRUIU Velocity factor (VF) Inea1tladeanuisivesauinaunsamlaainaunis

(2.2)

1
Velocity factor =
vf Verks

Fae Wy vesmwuildivansadawindu 1 fesnnaviuildluansiadalalyianuandn daly

Jadvanuiimesaduiunsnszarsluaeialasslusgiual E-v83a1U Jmwaun1si 2.2 9z

Y

anseagulinnanlesiinfinluinglidnsnanniganennuiivesrauluaenia

_— Conductor

T 1° Insulator

Inner SC Layer A\

: "7 Sheath
Outer SC Layer

20d Tnsulator

SUN 2.9 nwdnnediavenideaidanituresasiineudinnesitudiulsznau

A [ = 1 &a qadyu U fada a 1 @ v a Y a = ) 1
L‘W@Ui‘uLiJaEJumL“Uasmmmamwmwma‘mﬁwammmLiwaﬂwaﬁﬂumEJLﬂL‘UﬁVINQNam\anﬂa
Tuvoilnouanmei(Semi-Conductor layer : SC layer %58 Conductor or insulator screen ) &3
yananazyiutnauinanldluitessnusenautadalanueas geagilvandasin@inausing
= ! A~ A K o & ° P
Wasu TngaUasiinidnduimsanunsamuiulasiuaunis 2.4 (5]
ln(ﬁ—‘i

R
In(z2)

(2.3)

Enew = &r

1989 R1 Ao SATvasmu v R2 Ao SAaTvessmuitasauiuvestuednauanmasanulu
R3 A9 SALUDIALIY LAY RE AD SATUEIRUINMALANUNUIVDITULYTADUANLHBTAIUUDN

2.5 Time Domain Reflection (TDR) [6,7]

N33z YMUMe PD ¢Ren5ATIgy TDR Ao mavsvezaiiuansnsiuvesdayguiad PD
anwsnfudyeuasiouvesiad PD fnsnialdanededieTadmifefuudilumuamsszes
vesdutiinveaiad PD 16 ngldaunsi 2.4

TDR Length = c * VF 2 (2.4)
2
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gl TDR Length #ie szasmeesmsasiiouiilawuman
¢ A9 A5 Es TAwiny 2.9979 x10° wassaIui
VF 8 Velocity factor uansnsiulumuussianvasamiudanunsamwinldanaunis 2.1)
T4 AB NAANUBIIASEMINAdAUN LA LAY ad AL DU
Fordnvesminsviseisine Jarsasvesenoindaldausdendulatodn 1 duiiels
Annsasviouvesiad Wy mnasiata PD senisldwumed HFCT adosiianeTanfidnisneasiud
Uaneanevesasadailnds Snilswesasasazdesliiinsmeaiuiwrannsansiaiandiny
FyanaEsiou uenanimnnsrezaaaidaivninisniate PD Ssvezmnaiiunnuaziad PD Miiatu
fvwnd Faunndeziauediseuldannsauenonldssuiniiadayounardayaasuniy

2.6 AAUdLauasAAUaINIY [1]

sUMUUYRIRAULSuAzARUnseldlniazindoun UMy Tnelinnuduiusaigandsa
a A o & a o A A A o a I af a A o ¢ a N
Buiiusudvasaneiilanafounied —  Lelimaudsuudaiaidsaduiiiudresala@afiiouss
wWaguaneiala) Nynseesieaaialalziinnaugniviasts lnedvilane Lssiulaznseilanaziou
o = = Py & a c | 1
Nau (Reflected wave) TNUAAUNIAGBUNINILTUASUANNTZNU (Incident wave) @IUANEDITY
Jundugussruuaznssuanisiugaasusioly VUIAVDIATUALVIBUNT ULAZARUI U
dnehulpgnseiiuarAndsadunuwsud laeiivanit aduavvioulleTauiuafuannsEnuaziiainiy
AR
Moty seusevesaeddilueimaniianndsadunnaud Za  duaneiadaiAndsadud
Wiud Zb uag Zb>Za tusswuidsatiuiuiu vwie Ui dwmedluanedeenieiiisnssegseasiin
d‘ 4 [y ! 1 [ o a
AAUaiounay Ur tazdeiudu Ut fsiiansmugui 2.4

20 = | Zb
Ur
I Tt
Ir o
1 ]
1 1
Za Zb
3U7 2.10 nsavvioukaznsdmavesnfuluala o InsessieNTABuNaLALY

A9



12

Tneideulyin Ui + Ur = Ut (2.5)

PINAIAUAIN Ur = rUi 198 7 Aowinmasnisasyiaunau

Fatiu 2¢l@nsyuaveInALANILINALNNS It = % = % (2.6)
ponn e
ur = Z=22yi (2.8)
way Ut = (1 +r)Ui = Z;i’;a Ui = bUi (2.9)
Tnefl b Ao winwmesdsufiausamlaan Z;i';a

PMNAUNTN 2.7) AN asazioundu (7) nda 1 Wedui99sida 161 -1 119dA1995 wae
W 0 vuedanluiinsazsiou

2.7 Pulse Calibrator %38 Pulse generator

M3ANYINISINUTBUATENERULNBURaY 1SNl TANwIR NN sARULIE U
919899 NW NI [EC 60270 lagazineasnisasuiiieununivandaglugunini 2.5

It

JRESYE

Co

R
|
Un(t) Digital
Uo Oscilloscope
Pulse Calibrator =
UM 2.11 HIINTABUMBUN TRV IU9E [4]

Mnguamazdudiiaeuiiisvissiadiviviniseusaiuiadesnundsreegiulnan i
fumy (Rm) Tasussfuiadfinnaseusdmunuazanuisainldanadneaalafduuuinuin
A1 50 MHz Fsannnmazifiuindunmdundunudvesalavazgnarunulaeinaniinevuiuiueg
mngﬂmwﬁ 25 %mmimmﬁif]ﬂizﬁ;ﬁgmhaaaﬂmiéfmﬂam'ﬁ
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q = [i(®)dt = — [ Up(t)dt (2.10)

34 i(t) Aenszuaiadiignanseemnaindaeuiiieu uaz Um(t) fe ussiulnihiinnaseslvan
fadunin Tnennaunisagiiuldimdsgiioenumiuasdiamugniesnntestuiuegiunis
SuvBinsnuazAvesmNFuUTignieafe Nnaunstesuaniunsmansegiignang
sonmniedesiudeiad  FudumsmananiiinldaTausesalsinumnnsiuavesdaiv
Usrquazaussiuiadildegluassvesiaeudoudy  fannsomaszafisroennlalngld

aunnsn 10

Gref = Urep X Crer (2.11)

Qrer AO ARyey 150U 1B WORNINIINUMEETRA N ABEtuUueY uiagalsiny
Usinaulsganidngeenuniu dalinnuaaiamdeuagUaandaiulsey

q
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N1391899UAZNITNAGDU

Aneninusaduilldudsmnaaeueseniu 2 diu fie 1. mssraedlulsunsu PsCAD ua 2.
mavageuluviesfiins  dwiumsdaedlulusunsudiassazdrsdetoyammivosmuililily
guteyavesaelauenifoa (Coaxial Cable ¥ioans Coax) LiteAnwinisindeuiivesitadluaeiada
nMsasiouLaznIsanvewtesiad  PD  lunsdififinsseanefufisiuvtsinagvesssuuaidaldiu
nntuhlulesssiuay Lﬂismmaumamiﬂumauamlmmm'mnmuavmaaﬂwawgumms i
thlugmsseydnisesnafianisiansaundiunasnsinuiadagiiouiszogsng

dwunmneaeuluviosujiRzinsmeaeunmanmaivdyginvesegesidwmisinaiu
nmsRnsidlugUuuuuandsiu waslinssiaesssuuiaialdmilasutiesnidu 3 nednudnuaznis
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Partial Discharge Pulse Propagation in Coaxial
Cable

T. Juntasorn
School of Engineering, King
Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand,
62601062@kmitl.ac.th

Abstract— In the past, Coaxial cable was the signal cable used
to transfer computer data. However, coaxial cables are now being
modified for use in the high voltage coaxial cables to increase the
security of power transmission in various areas. In addition to
increased security, there is also an issue of stability maintenance and
many perspectives as well. Because the cable that used to be utilized
is still insulated. Therefore, Partial Discharge (PD) can still happen
in the electrical system. This paper presents the PD propagation
within the coaxial cable simulated via PSCAD/EMTDC program
and carried out with RG-58 coaxial cable in a laboratory by testing
the propagation of the PD pulse according to the conditions of
different cable distances. From the experiment, the calculations will
be reversed by considering on the differences of the time manner
that PD pulse flows on the cable. The time reference point that the
research studied has 2 points which are Peak to peak and Time of
arrival(TOA). The comparison between simulation and experiment
indicated the similar results with slight discrepancies caused by
factors that can be accepted. TOA has smaller errors comparing with
the peak to peak point showing that PD pulse flowing on the cable
is attenuation and dispersion to the tailing wave part. That's the
reason using Peak to Peak is a time reference point that has more
errors. A thorough study of PD propagation is useful for in-depth
analysis to locate the PD source accurately. As a result, the defect
will be resolved on the spot.

Keywords—: Partial Discharge, PD Propagation, Coaxial
Cable, PSCAD.

L. INTRODUCTION

Partial Discharge(PD) is an electric discharge or spark that
creates a bridge between two conductors in some areas of the
insulator. PD can occur both in the insulator and outside the
insulator. Partial Discharge in the Insulator is caused by
charge flowing through the tiny void in the insulator. Because
these voids typically absorb less voltage than the insulation
surrounding them, when the voltage is higher until it can
withstand, damage was caused. Whenever the damage is
severe sufficient, it will be a short circuit causing extensive
destruction to the electrical system.

PD was classified into three types: 1. Corona discharge
occurring at the connection point of high voltage equipment.
It is usually not dangerous, but that can be noisy in the
surroundings and light can reflect off the insulator. 2. Surface
discharge occurring along the surface of the insulator at high
electrical stress often causes the damages to the insulator
which causes breakdown, and 3. Internal discharge occur
within the gap material when it happens in a long period of
time, it will cause the breakdown voltage. When an internal
PD is generated at the insulating layer of a cable, the PD wave
will travel into the conductor of the cable. As a result, some
companies monitor PD values along with manufacturing
cables regularly to prevent additional damage.

978-1-6654-5919-8/22/$31.00 ©2022 IEEE
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Fig.l. Cross section of Coaxial cable with a semi-conductor layer

In an underground cable system, a cross-section of coaxial
cable is employed as a power transmission line, as shown in
Fig. 1. In this figure, there are six layers: 1. Conductor is used
to transmit the electrical energy or electrical signal which is
often made of Copper or Aluminum 2. the Conductor screen
The inner semi-conductor (SC) layer is a tape-like thin layer
of metal coils that is in charge of reducing interference signals
or protecting electromagnetic radiation emitted by the
conductor. 3. The first insulator or the main insulator is also
used as a name of the cable for example EPR, XLPE. The
first insulator will protect the electricity from the other parts
that can cause damage. 4. Insulation screen or outer SC layer
work as the conductor screen 5. The sheath or metallic screen
normally works as the ground. In a high voltage system, it
also lets the electricity flows backward when occurring short
circuit and sometimes also work as mechanical protection
which protects the cable from crashing and bending. 6. Non-
Metallic Sheath or Jacket as a second insulator work as a
scratching protector including prevent the water flowing into
the inner part of the cable. Normally, it is made of
PE(polyethylene) or PVC (polyvinyl chloride). In this
research, authors will discuss the internal PD of the discharge
that occurs within the coaxial cable.

II. PULSE PROPAGATION

The velocity of a pulse wave traveling within a cable can

be calculated using
1

Vw = —— 1

€r&o ;Mo

€p: Permittivity of free space or Vacuum permittivity (8.854 x107'2 F/m)
Lo: Permeability of free space or Vacuum permeability (4n x107 H/m)

If the cable insulation is air (uncover cable), where the
relative permittivity (e;) and relative permeability () of air
are both 1, the velocity of the pulse wave is equal to the speed
of light moving in a vacuum(Cp), according to (1) [1].
However, the insulation of conductors in cables is not entirely
made of air in actual operating conditions. As a result, the
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wave velocity is reduced according to the insulator's velocity
factor. Velocity factor can be obtained from

1
= @

The p., of the insulators is 1 because the insulators used in
the cable are not magnetic materials, then the velocity factor
depends on the & of the insulator. According to (3), the
relative permittivity has the greatest influence on wave
velocity.

Velocity factor =

. 1

Vw = Cy * Velocity factor Tetorne 3)
If the cable length is fixed, then the relative permittivity

of the insulation affects the velocity of the pulse wave.

Moreover, the thickness of the semiconductor layer as shown

in

Fig. 1. Also influences cable velocity which changes the

insulator’s relative permittivity. The new relative permittivity

can be calculated according to (4). [2]-[4].[8]

In(re)
" in(g)

4)

Enew_ins = €

R1: Radius of core

R2: Radius of core and thickness of inner semi-conductor screen

R3: Radius of the insulator

R4: Radius of the insulator and thickness of outer semi-conductor screen

III.PD CALIBRATOR

A PD Calibrator is a PD source that can be used with pulse
signal output characteristics. The measurement system of PD

calibrator is as following in Fig. 2.
&) ]

Digital
Osilloscope

Fig.2. Pulse calibrator measuring circuit

The PD resource is a voltage pulse connected to the
capacitor. The resistance depicted in the Fig. causes the
capacitor to discharge energy (in Coulombs(C) units). The
charge q generated by the PD calibrator can be calculated by
using this equation

q=[i@®dt == Up®dt  (5)

To simulate the program that the result will be matched the
real experiment. The research will use the PD calibrator as in
Fig. 2 to record the results. The PD calibrator generated as
follows 100 pC, 500 pC and 1 nC. To detect the correlation
pattern for setting the parameter of PD resources in the
program. The PD calibrator will be attached to the Rm 50
ohm. The graph will be as follows.

Voltage (V)

Time )
(a) 100 pC

% 08
g’n 06
<
= o4
=}
> 02

Time (s,

(b) 500 pC
25

. 2 ',:v
2 i |
& [\
8 A
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> 05 EV\

Time (s.)

(c) 1 nC

Fig.3.  Time and voltage of discharging the signal pulse graph that

emitted from the PD calibrator

As shown in Fig. 3, the Voltage and timing from pulse
measure used to calculate in (5). The result will be the q
value, that will match the value set in the PD calibrator.
According the (5) is a summation of the area under the curve
divided by the resistant value. From Fig. 3(a), the graph has
the area under the curve in negative area. If we calculate using
the (5), it must be calculated in negative value (difference of
positive area and negative area.). According to research, the
capacitor was always the same 100 pF when the PD calibrator
was supplied to all three q values. When optimizing higher q
values, PD calibrator will change the electrical voltage
amplitude higher as well as shown in the equation below.

Qref = UrefxCref (6)

The size of capacitor value and the amplitude of the voltage

pulse value will be simulating in the PSCAD program. The

result will match the experiment. As the calibrator supply q

increased, in addition to the changed voltage pulse amplitude,

the rising time of the voltage pulse was adjusted. As shown
in Fig. 3(a), (b) and (c) have higher slope.

IV.SIMULATION

In this paper, the program PSCAD/EMTDC is used
to simulate. The RG-58 cable is used to simulate the internal
PD propagation. The RG-58 is a coaxial cable that resembles
an XLPE cable but does not include a semiconductor layer.
The cable thickness data (given in Table I) was obtained from
the RG-58 cable manufacturer's datasheet that is used in the
practical test.

Table.I Parameter of RG-58 Coaxial cable
Name Qualification Unit Values
Inner Radius m. 0.0
Conductor Outer Radius m. 0.0004065
Resistivity Q*m 1.68e-8
in 1.0
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Name Qualification Unit Values
Radius m. 0.001475
1% Insulation & 2.3
Hr 1.0
Radius m. 0.001755
Sheath Resistivity Q*m 115¢-9
Hr 1.0
Radius m. 0.002475
2™ Insulation & 3.0
e 1.0

As shown in Table I, the simulated RG-58 cable contains
a copper conductor, 1% layer insulation is polyethylene(PE),
the sheath is tin, and layer 2" insulation is polyvinyl
chloride(PVC). The circuit model will be shown in Fig. 4.

)

—o——elPE_3
51
Ea

PD Generator

Fig4. The cable circuit simulation in PSCAD

The components in the model include the PD generator
which injected signal output 100 pC into the cable. Moreover,
the voltage pulse detectors are set to measure at the start and
end point of cable. In the simulation, it is divided into 4 cases
according to different cable lengths: 100 m., 200 m., 300 m.
and 400 m. The simulation results are demonstrated in Fig. 5.
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Fig.5. PD magnitude versus PD duration for simulation test.

As shown in Fig. 5, PD pulse that discharged will be
transmitted and the pulse will be attenuation and dispersion
causing the pulse changes from the pulse supply. If the pulse
is attenuation, the graph will have a constant pulse width and
the energy will be decreased causing the smaller graph area.
On the other hand, the dispersion pulse causes a constant
graph energy with higher pulse width. [1], [10]-[12]

PD position or the distance that PD pulse will be
transmitted in cable as equation shown the distance will be
equal the multiplication of wave velocity and time. The pulse
velocity can be calculated by using (3). For the time manner,
since the PD propagation in cable was changed from the
effect of attenuation and dispersion, in research has studied
the graph reference point to measure the time difference for
the most correct and accurate data. By studying two reference
points which are 1. Peak to peak is the time between the first
and second peak amplitude of the pulse voltage. 2. Time of
arrival (TOA) is the time from the beginning of the first pulse
to the arrival of the second pulse. As Fig. 6 shown, the peak
position of each pulse and the beginning of each pulse have
been shown in table II and II1, respectively.

Table.Il TIME AND VOLTAGE OF SIMULATION AT PEAK POINT.

1% Pulse 2" Pulse 3" Pulse
(Cable Volt Voliag Vol
length | Time (s.) ?m(ll/fe Time (s.) ?m%e Time (s.) (omclz/)ge
100 m. [1.50E-8 326.6 5.24E-07 333.6 [1.04E-06 157.2
200 m. |/.50E-8 326.6 |1.03E-06 174.9 [2.07E-06 60.4
300 m. [1.50E-8 326.6 |1.55E-06 99.7 13.11E-06 29.6
400 m. |1.50E-8 326.6 [2.07E-06 61.9 W.I7E-06 174
Table.IIl TIME AND VOLTAGE OF SIMULATION AT TOA
1* Pulse 2" Pulse 3" pulse
Cable . Voltage g Voltage . Voltage
length | Time (s.) (mV) Time (s.) (V) Time (s.) (V)
100 m. |5.00£-11 3.317 5.07E-07 1.043 |1.02E-06 1.004
200 m. (5.00E-11 3.317 |1.02E-06 1.074 2.04E-06 1.007
300 m. (5.00E-11 3.317 |1.52E-06 1.031 3.06E-06 1.003
400 m. |3.00E-11 3.317 |2.03E-06 1.016 4.08E-06 1.001

From the simulation results based on the parameters above,
time of the first pulse in each case has the same duration
because the rise time of the PD generator in this paper is fixed
at 15 ns. (nano-second). Fig. 5(d) and Table II were
compared, it's completely obvious that the mismatch in the
peak voltage of the first pulse is because the graph is being
zoomed in to reflect the value of the third pulse. From the
Table II, as you can see the third pulse value in 100-meter
length has the value near the second pulse in 200 meters
length and the second pulse value in 200 meters length has
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the value near the second pulse of 400 meters length. The
reason why it has a similar value is that the cable is simulated
in one cable cause PD pulse to be constantly attenuated and
dispersion. In consequence, the PD value will not be the same
value.

The PD pulse velocity of the cable is calculated by (3) with
parameters in Table I, which is 197.7x106 m/s, or about 66
percent the speed of light. The multiplication between
velocity and time difference is the distance traveled by PD
pulse. The result of the calculations using simulation result
from Table II. and Table III. indicated in Table IV.

Table.IV CALCULATION RESULT AND PERCENT ERROR INPSCAD

SIMULATION
Cable | Position to Pi=h P:—Ps Pi=Ps
length | calculate  |Length | %error |Length | %error |Length | %error
100 Peak [100.52| 0.52 102.32] 232 [202.84] 142
m.

TOA 1100.28] 0.28 |100.84] 0.84 |201.12] 0.56

200 m Peak [201.61| 0.81 205.09| 2.55 [406.70| 1.68
' TOA |200.73] 0.37 [201.75| 0.88 |402.48| 0.62

300 m Peak [303.18| 1.06 |309.53| 3.18 [612.71| 2.12
] TOA |301.30{ 043 [303.10| 1.03 |604.40| 0.73

400 m Peak [405.28| 1.32 |416.09| 4.02 |821.38] 2.67
] TOA [402.05] 051 [404.87| 1.22 |806.92] 0.86

Note : P, : First Pulse P, : Second Pulse P; : Third Pulse

As shown in Table IV, TOA's percent error value is
obviously less than the peak point. This demonstrates that
the TOA is more accurate than the peak. The percent error
will be high shows the graph is dispersion when the distance
is increased. All the data are from the simulation tests that
used the program to simulate the ideal environment. To
confirm the hypothesis, the research has tested the practical
experiment.

V. PRACTICAL TEST

The test circuit was connected towards the simulation
model. The cable length was extended in accordance with the
simulation distance but note that there is slight discrepancy in
the cable distance from the specified distance. The
experiment is used to confirm the simulation. The research
has built the model as in Fig. 4 by using PD calibrator supply
the PD to RG-58 in each distance and used the scope that the
input impedance is 1 Mega-ohm to detect the pulse as shown
in Fig. 6 and the experiment result shown in Fig. 7.
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Fig.7. PD magnitude versus PD duration for practical test.

As shown in Fig. 7. When compared with Fig. 5. the graph
is relevant and the result is the same but in Fig. 7, the
experiment has interfered from outer pulse causes the graph
to fluctuate which is different from the graph in the
simulation test. The peak position of each pulse and the TOA
of each pulse are shown in Tables V and VI, respectively.

Table.V TIME AND VOLTAGE OF PRACTICAL AT PEAK POINT

Cabl 1" Pulse 2" Pulse 3" Pulse
able

length Time (s.) V;Z%ge Time (s.) V?rzt;/)ge Time (s.) V?fz‘;ﬁe
100 m. |_5.00E-07| 186.0 | 2.0E-08 | 154.0 | 5.8E-07 78.0
200 m. |-1.02E-06] 188.0 |0.00E+00] 102.0 |1.02E-06| 42.0
300 m. | 2.00E-08| 182.0 |1.560E-06] 76.0 |3.14E-06| 26.0
400 m. | 2.00E-08| 186.0 |2.14E-06] 42.0 |4.26E-06| 18.0
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It can be concluded that the insulator material plays an

Table.VI TIME AND VOLTAGE OF PRACTICAL AT TOA . . .
we important role in the propagation of the PD pulse on the

Cable - P,',"Ze 2 P[;"lste 3 P;'Ze coaxial cable(permittivity value of the insulator is the key
length | Time (5.) ?m;‘j"’e Time (s.) ?m?/fe Time (s.) ?m?/‘fe feature that provides the velocity to the PD pulse) and using
100m.|_s5 205071 300 0.0E-00 6.0 52507 20 TOA as a time reference point can calculate PD point close
200 m. |-1.04E-06] _-32.0 _|-2.00E-08] 6.0 | 1.00E-06] -2.0 to the exact point the most.
300 m. |-2.00E-08 -2.0 1.520E-06 -2.0 3.06E-06 -2.0
400 m. [-2.00E-08] 0.0 |2.04E-06] 0.0 |4.12E-06] 0.0 REFERENCES
. [1] J. Perkel, J. C. Hemandez-Mejia “Medium Voltage Cable System

According to Table V and Table VI, Because the Partial Discharge”, Cable Diagonostic Focused Initiative(CDFT),

experiment is performed under practical applications, the February 2016.

time is different at 1% pulse because the time trigger was [2] B. Gustavsen “Panel Session on Data for Modeling Insulated Cables”,
Conference Proceedings (Cat. No.01CH37194) IEEE Power

adjusted. To determine the precision f’f the data, the value Engineering Society Winter Meeting, February 2001
from tables V and VI was computed in (3). The calculated [3] PSCAD/EMTDC V4.2 User's Guide. Winipeg, Canada: Manitoba

results are shown in table VIL HVDC A
[4] Research Centre Inc., April 2005
Table.VII CALCULATION RESULT AND PERCENT ERROR IN [5]1 J.De Silva, L. Kothalawala “Modelling Cables and Transmission Lines
PRACTICAL with PSCAD™/EMTDC™”,
[6] IEC Standard 60270:2000, High Voltage Testing: Partial Discharge
Cable | Position to Py —P, P,—Ps Py —P; Measurement.
length | calculate Length| %error | Length| %error | Length] %error [7] IEC Standard 62478:2Q16, High Voltage Tes‘t Techniqugs:
peak 1106.75| 675 110675| 675 1213491 675 Measurement of partial discharge by electromagnetic and acoustic
100 m. methods.
TOA |702.791 2.79 |102.79] 2.79 |205.59| 279 [8] N. Pattanadech “Partial Discharge Test: IEC 60270 unpublished.
[9] IEEE Std. 400.3TM — Guide for Partial Discharge Testing of Shielded
200 m. Peak 2090 4 77 1209.54 ()4 70— i Q- BRI 472 Power Cable System in a Field Environment; Se&ptember 3006
TOA |201.63| 0.82 |201.63] 0.82 |403.27| 0.52 [10] J.R. Lucas, High Voltage Engineering, third edition 2001
Peak 1308.38| 2.79 1316.29] 543 |624.67| 4.11 [11] o davazena “Granssulifusege” March 2021
300 m. TOA 130443 1.48 (30443 148 |608.85| 1.48 [12] Hugh M. Ryan, High-Voltage Engineering and Testing, 3rd Edition
2013
400 m. Peak [419.08] 4.77 |419.08| 477 [88.16| 4.77 [13] L. W. Van Veen, Comparison of measurement methods for partial
TOA [407.22| 1.80 |411.17| 2.79 |81839] 2.30 discharge measurement in power cables, April 2014
Note : P, : First Pulse P, : Second Pulse P; : Third Pulse [14] S. Yang, L. Wang, X. Yue and H. Li, “A High Efficient Time-domain

Modeling Method for Partial Discharge Propagation in XLPE Cables

. with Large Length”, 2021 International Conference on Electrical
As shown in Table VII, TOA value always has smaller Materials and Power Equipment (ICEMPE), April 2021

percent error than the Peak. reason using TOA value in [15] R. A. Zingarelli, S. A. Chin-Bing, M. D. Collins, “Optimizations for

alculation will more accurate than using the Peak (Th Fourier synthesized time domain pulse propagation calculations”,
calculation will be more accurate using the Peak (The OCEANS, October 2009,

percent error of using peak time in calculation is very high).  [16] p. . 1. M. Wiclen, ‘On-line Detection and Location of Partial
In practical testing, if the distance calculation for PD has high Discharges in Medium-Voltage Cables.’, phdthesis, Technische

error, it could be to mismanagement. Universiteit Eindhoven, Eindhoven, 2005
The outcomes of the simulation and the practical test were

compared. The end result is the same. There is no

contradiction between the two results and both fulfill the

concept of pulse propagation. Both simulated results in the

PSCAD and a laboratory experiment confirmed the findings.

The results demonstrate that using the time method from

TOA produces more exact and accurate results than using the

technique from Peak to Peak.

VI.CONCLUSION

This paper presented the PD pulse propagation simulation
test on the Coaxial cable and has been tested in the laboratory
using RG-58 cable. The results are identical between the
experiment and the simulation test. The result that uses TOA
has less error compared with peak to peak. It has shown that
PD pulse flowed on the cable has been attenuated and
dispersion to the tailing wave part. That's the reason using
Peak to Peak is a time reference point that has more errors.
The results from the experiment have more errors than the
simulation test may be caused by one of the factors that can
be accepted such as time delay manner of the measurement
instrument or the scope sensitivity that has small scale but
when analyzing the output together with the simulation test,

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on November 01,2022 at 16:03:39 UTC from IEEE Xplore. Restrictions apply.
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RG58 COAXIALCABLE" "=

'y

MILITARY GRADE; SHIELD 95%

American Standard

§

PART NUMBER CB-0102
CONDUCTOR Stranded Tinned Copper
DIAMETER 0.18 mm x 19 Wire (20AWG)
DIELECTRIC Solid Polyethylene
DIAMETER 2.95 mm

BRAID WIRE Tinned Copper
DIAMETER 0.11 mm x 144 wire
COVERAGE 95%

JACKET Black PVC
DIAMETER 4.95 mm
SCREENING 1-1000MHz
FACTOR AT 55dB

Frequency Attenuation Return Loss
MHz dB/100m 5- 470 MHz >20.00 dB
1 211 470 - 1000 MHz >18.00 dB
5 ; 3.51 LYY, SR Impedance o, TN Y 50 Ohm
10 5.08 Capacitance 100 pF/m
50 14.91 Y < Velbcity Ratio ' 66%
100 16.08 ' " DCR Inner Conductor ; 33.3 Ohm/km
200 29 81 : L DCR Shields 3 135 Ohmikm
300 33.14 Minimum Bending Radius
400 37.73 Loaded  (Installation) 10 x Cable OD
460 40.18 Unloaded (Operation) 4 x Cable OD
700 55.73 Tensile Strength
870 65.23 Maximum Pulling Tension 245N
1000 70.52 Temperature
Storage/Operation -20°Cto75°C
Installation 0°Cto60°C
Jacket Sparker 4000 VAC
Dielectric Strength 2500 VAC
PART NO. DESCRIPTION PAGKAGE
CB-0102 RG58 CABLE, MILITARY GRADE, SHIELD 95%, Indoor 500m / Reel in Box

CATALOG COAXIAL

JACKET COLOR
BLACK PVC
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Monitoring of Cables and GIS

«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.

High Voltage

Cables Monitoring System

:'»—r»g”'
s
d

—

y —

«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 Havuuk COR-S
remote defects, because _/ \
of PD damping in cables. e

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. G;“ﬂ;ﬂ
«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

Suite 403, Permskaya St.,, 70, Perm, Russia, 614000

Phone/fax: +7 (342) 212-23-18, 212-84-74
dimrus.com
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Monitoring of Cables and GIS

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.

J’ I
Sl
lj GPS
CDR
L I NBC
=
=[S
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.

| CDR|| CDR]

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

Suite 403, Permskaya St.,, 70, Perm, Russia, 614000

Phone/fax: +7 (342) 212-23-18, 212-84-74

dimrus.com
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MV Accessories
Calibrator CAL4141

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:

Adjustment range in Coulomb 1pC .. 100nC
iCoupling capacitor 1pC .. EnC- 100pF
‘Coupling capacitor 10nC _100nC nF
Pulse frequency 100 Hz
400 Hz - AASA
Double mains frequency through photo sensor
Wecuracy 5%
Automatic switch off 5 minutes
Backlight LED
Power Supply ] 4 Mignon Cells AA LR6 MN1500
(Recommendation: DURACELL Uttra M3
ICurrent Usage without LED Current Usage
180
13
H 7
8
o
1..10 1u:cmum'unu |

© Copyright by onsite hv international - Terms & Conditions of Use

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

Type :

Fax :

Serial Number :

Seitz Instruments AG
Mellingerstrasse 12
CH-5443 Niederrohrdorf
Telefon : +41 56 496 74 80
+41 56 496 74 85

Test Certificate

Calibrator type CAL 141

CAL 141
141.1611.004

The measurement is performed by comparison with reference standards, standard
measuring equipment or on the basis of documented calibration techniques.
The reference standards and the standard measuring equipment are traceable to the

national measurement standards, according to ISO 9001/ EN 29001.

Tested with the following equipment, according to test procedure No: 141-601-03

Calibrator battery:

Testdevice:
NI-Scope:

1. Preparation of calibration

Ccoax: 93 pF

2. Calibrated ranges

Type:
Type:
Type:

4 pieces AA, LR6, 1.5Volt
TC141 PM/N: 1312-01

NI PCI-6113

Cioad : 556pF or 9560pF

Coulomb | ge] Testex
1|pC 100 | pF a3f pF - | pF 518/ mV v
5]pC| . 00| pF| — G3lpF| _ 656|pF| 668 mvV | =
10| pC 100 | pF 93| pF 556 | pF| 13.35| mV —

100 | pC 100 pF 93| pF 5% | pF| 13351 mV |
1|nC 100 | pF* 93| pF 556 | pF 1.34| V i
5|nC 100 | pF o, Q3] pFPo===BEG L oF " 6.68] V v
10 | nC 1'000 | pF 93| pF 9'560 | pF 0.94| V v

100 | nC 1'000 | pF 93| pF 9'560 | pF 9.39| V —

Coulomb ranges within + 5%, + 1pC

Date of test : 04.04.2022

Yor b,
Tested by :

The results refer exclusively to the object. This Test Certificate may not be published or forwarded other than in full.

|  Type CAL 141

R o »l::';;f
Sishasalio

&

| Test Certificate | 141-600-03 |

| _page 1/

J




diMRUS RFCT-4.2 Certificate
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7. Acceptance Certificate C“MRUB Dimrus LTD

RFCT 4.2 sensor, serial number LOC ; is manufactured and recognized as fit
for operation in accordance with the requirements of the current technical doc-

umentation.
Manufacturing date 02 06.2020 l
i ' i s . benses AA. |
Responsible manufacturer’s representative / K - -/ RF CT' 4. 2
AIMRUS Sensor

8. Packing Certificat .
acking Certificate High Frequency Current Transformer

7/ 5 x &
RFCT 4.2 sensor, serial number < % L[ 7 is packed on manufacturer site in for Partial Dlscharge Pulse Measurements
accordance with the requirements of the current technical documentation.

Packing date (8. 06.2020 CERTIFICATE

A Slpymuna K A’ 2A\( , BLL.671258.039 MNC
Packed by éﬁ/ / Py 4 ¢ "

-

(OTK

QIMRU? ) &4 L
The Manufacturer: S — —
DIMRUS Ltd. g |
Suite 403, Permskaya St. 70,
Perm, Russia, 614000

Tel./Fax: (342) 212-84-74 Perm, Russia
Tel. (342) 212-91-93, 212-23-18

http://www.dimrus.com

E-mail: dimrus@dimrus.ru
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diMRUS RFCT-4.2 Certificate
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1. Application

RFCT-4.2 sensor is used in monitoring systems of the high voltage equip-
ment insulation.

RFCT-4.2 sensor is used for partial discharge pulse measuring in high-
voltage circuit breakers, switchgears, cables, in power transformer neutral circuits
etc.

Figure 1. RFCT-4.2 Sensor Appearance

e
Eﬂwﬁ;hgh'(di!; 0

The large inner diameter of the sensor allows installing it on the cables of
large cross section, which extends the field of the sensor application.

For ease of installation the sensor is made detachable, consisting of two
halves. This allows you to quickly mount it on the current-carrying elements.

The- ‘-4.2 sensor is used for installation in the ground circuits

igh- equipment only; therefore, its electrical insulation is de-
sign voltages up to 500 volts.

3
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2. Basic Specifications g
The RFCT-4.2 sensor dimensions are shown in Figure 2. The appearance % 10
the RFCT-4.2 sensor is shown in Figure 1. .
0120 22 6
i P
|
| [ .} . : .
| | S
! l 0 :
| I 1/ 0,01 0,1 1 10 100
MHz
y ook Figure 3. Amplitude-Frequency Response of RFCT-4.2 Sensor.
sy -~ | r The standard amplitude-frequency response of RFCT-4.2 sensor is shown
. in Figure 3.
= According to Figure 3, the optimal operating frequency range for RFCT-
4.2 sensor is from 0.06 to 20 MHz. This range is quite sufficient for the systems of
3 partial discharge pulse measurement in high-voltage equipment.
RECT-4.2 Basic Specifications.
o 1. RFCT-4.2 can be operated at ambient air temperature from -60 ° to + 80 °
Co%egmr € and relative humidity up to 98%, without condensation of moisture.
L. 3 2. Ingress protection rating is IP65.
Figure 2. Overall and Mounting Dimensions of the RFCT-4.2 Sensor with an Addi- ) 3. RFCT-4.2 insulation'is designed for operating voltages up to 500 V.

4. RFCT4.2 has built-in protection against pulse currents (switching) with output

i-\ voltage limiting at 15 V.
RFCT-4.2 is a high-frequency core of large cross section and diameter in @ ;(' NS RFCTh4 2 s mjuntsddon r?rmlj;dmg trl\rez wires, PIDeSf T;]he direction of t"he
metal case. The entire free internal volume of the RFCT-4.2"is filled with epoxy = S Y/ ah“°“ o ;"T R:r 3 9 yts ;)u matc dt e direction of the current flow "to
resin, or with special silicone rubber. the grounes iy tp@pehductor to be monitore

Due to the use of a high-frequency core in the RFCT-4.2 design, there are no LN 6. For partial discharge pulse measuring in high-voltage electric motors operat-
industrial frequency currents of 50 hertz in the output signal of the RFCT=4,2,'and..___ .—‘Ln 9 lt;Ig&azrasrdou;'fprOQUctlon conditions, the RFCT-4.2 modification is issued in
RFCT-4.2 does not respond to them. The RFCT-4.2 output signal contains only the '-r—ba;a RFCT-TOZ |(;catlon. A e 1 F— odi i ati p
signals from high-frequency pulses flowing through the monitored ground circuit | it i ioeds - rec!;ure ;t“ Gfpe:a"en_ PEFOCIC veRticaton an
of a high-voltage device, mainly caused by the partial discharge pulses in the in- 4 SRIDFaLion. This is done on site, after installation.

sulation.

tional Bracket for Stationary Installation.
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3. Package Set

# Name Quantity
1 | RFCT-4.2 1 pc.

2 | High Frequency Connector for TNC Cable (solder plug) 1:pc.

3 | Safety pin 1 pc.

5 | Heat-shrink tubing 50 mm
6 | Certificate 1 pc.

4. RFCT-4.2 Installation

RFCT-4.2 is installed on the grounding bus and on the dead-grounded neutral.

If the neutral is not dead-grounded, then RFCT-4.2 installation on it is not
allowed! The exact place of RFCT-4.2 installation depends on the equipment
design.

The direction of an arrow on the RFCT-4.2 body should match the
direction of current flow in the monitored conductor.
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5. Life Cycle, Warranty Liability

Full life cycle of the sensor is 10 years.

MTBF is min 8 years.

The manufacturer guarantees that the product meets the technical require-
ments when the user observes the operating, transportation and storage.

The warranty period is 36 months from the date of putting the product into
operation. The manufacturer undertakes to replace the product, which is found to
have defects within the specified period.

The product is not subject to repair. Any attempt to carry out repairs termi-
nates the warranty.

The manufacturer is not liable for defects and breakages caused by non-
observance by the consumer of the rules of storage, operation and mechanical
damage.

6. Storage

6.1 Storage conditions in terms of the impact of climatic factors of the ex-
ternal environment shall meet the requirements of Group /1 of GOST 15150-69,
storage temperature +5...+40°C, with relative air humidity 80% at temperature
YR '

6.2 Vapors of mercury, alkalis and other chemicals that cause corrosion
are not allowed in storage places.

6.3 Storage without packing is not allowed.
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7 Acceptance certificate

/f' f
«PD-Line» sensor, serial # ___ j / is manufactured and recognized as
fit for operation in accordance with the requirements of the current technical

documentation.

19 UZLII

Manufacturing date:

Responsible

. ~ ) ‘ )’] A
manufacturer’s representa@ )/ (Deﬂ.()(:geB 4

8 Packing Certificate

«PD-Line» sensor, serial # /fé is packed on manufacturer site in
accordance with the requirements of the current technical documentation.

Packing date: 18 U 3. 2020
= "//
o /)’ o
Packed by: /  /SI60R0k I s
'.// AN
Manufacturer:

DIMRUS, Ltd. (Perm, Russia)
Suite 403, Permskaya St., 70,
Perm, Russia, 614000

Tel. /fax: (342) 212-84-74
http://www.dimrus.com
E-mail: dimrus@dimrus.com

diMRUS

«Dimrus» Ltd.

«PD-Line»
Sensor

Cable Lines PD Monitoring

CERTIFICATE

BLI.411999.032.021 NC

Perm, Russia
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1. Application

"PD-Line" sensor is designed for recording PD parameters and determining the
direction of high-frequency pulses in cable lines. For this purpose, two sensors of
different types are installed in PD-Line, registering electric and magnetic
components of electromagnetic field waves produced by partial discharges.

PD-Line sensor monitors the cable line parameters. Cable line surface
temperature is measured using a contact temperature sensor.

A commercial frequency current sensor installed in "PD-Line" generates a
signal of measurement process synchronization with the supply network sinusoid,
which is necessary for correct diagnostics of a defect type in a cable line or
coupling insulation.

The recorded signal is transmitted from PD-Line sensor to a connection block,
which is also the power supply of the sensor. The signal is further transmitted to
a PD recorder. Up to three PD-Line sensors can be connected to one connection
block.

"PD-Line" sensor is installed directly on the surface of a high voltage cable, on
one side of end coupling, or on both sides of the coupling.

The sensors installation on a coupling allows partial discharges occurring
within the coupling being separated from those occurring outside the coupling.
When installing sensors on both sides of the coupling, the pulses direction along
the cable line can be detected.
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2. Basic Specifications.

Table 1 — «PD-Line» basic specifications:

Frequency range of PD field magnetic component signal

0,1 + 30,0 MHz

Frequency range of PD field electric component signal 2 + 100 MHz
Temperature measurement range -60 ¥ 150-€°
Minimum load current required for timing sensor operation 5A

Operating temperature range

=60°C, TZ{SGE

Relative air humidity up to95 %at +25 °C

«PD-Line» overall dimensions (without cable length)

140%x40x14 mm

U/UTP Cat 5e PE 4x2x0.52 Cable in metal hose 20m
Figure 1. Appearance and overall dimensions.
14 ‘
Cable PR § .. ol & o *
U/UTP Cat 5e PE 4x2x0.52 b,
\ UL Sr7e -l
20m

D — —

QiMRUS

3. «PD-Line» Installation

«PD-Line» Sensor Certificate

— Fix the sensor on the controlled object using plastic zip ties (see Figure 2).

The arrow direction on "PD-Line" housing must be the same as the
load current direction in the monitored conductor.

Caution! Metal fixing for "PD-Line" sensor installation is
not allowed!

Figure 2. «PD-Line» installation.

UL 177 -

| Monitored object Load current (1 ,}
i

. < X \/

— Lay a cable in metal hose along the structures from the sensor to the
mounting enclosure.

Avoid cable damage; this will cause the sensor to fail.

Caution! There must be a gap (1 m) between the sensor housing
and the edge of the metal hose.
Metal hose must not contact high-voltage cable.

- Pull the cable through M16x1.5 (PG 9) cable gland seal of the mounting
enclosure;

- Press the cable tips on cable cores;
- Connect cable cores to terminations as per identification;
- Fix the sensor cable in the cable gland.
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Figure 3. Identification of terminations.

e [ e
—® 2 white/blue

e ——93 green

+5Y

Hatli Sensor

,Ei —=5 orange

—8 6 white/brown
$ 451
—9 8 white/orange

4 Scope of supply.

—94 white/green

-5V power supply, PD field magnetic component signal

-5V power supply, PD field magnetic component signal
+5V power supply, PD field electric component signal

+5V power supply, PD field electric component signal

Synchronization signal with respect to -5V
Temperature, PT-100

Temperature, PT-100
Temperature, PT-100

1 «PD-Line» 1DPeh
2 Plastic zip tie (0.5 m) 4 pc.
3 Certificate 1 ps.

GlHRUB «PD-Line» Sensor Certificate
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5 Life cycle, Warranty Liability.

Full life cycle is 10 years.

MFTB is min 8 years.

The manufacturer guarantees that the product meets the requirements of
the current documentation.

Warranty period is 12 months from the date of commissioning and max
18 months from the date of manufacture. The manufacturer undertakes to
replace the product which is found to have defects within the specified period.

Warranty for the product does not apply to in the following cases:

--any defects and breakdowns caused through infringement of storage
and operation rules by the consumer;

- any mechanical damages.

The product is not subject to repair. Any repair attempt
terminates the warranty.

6 Storage

1 Storage conditions are as follows: storage temperature +5...+40°C,
with relative air humidity 80% at temperature +25 °C.
2 Mercury, alkali and other corrosive chemicals shall not be allowed in

storage areas.
3 Storage without packing is not allowed.
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