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Studying in phenomena of water tree

in cross-linked polyethylene cable

Kajomn Phipatnasuphom 32-1037
Kata Apaiwongse 32-1042
jongrak Boonseng Advisor
1992

Abstract

This thesis mentions about phenomeana of water tree in cross-linked polyethylene
cable(XLPE) that is the initial growth of water tree, parameters and factors which cause the
mmal growth of water tree, manuf,ac;\ning of XLPE cable, the development of
manufacturing process and improvement‘ of defection in manufacturing process for
decreasing initial growth of water tres. anally it mentions about experiment of initial
growth model of water tree in XLPE cable
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mnaamaannnlrluauiunseadanlnaennay

3.1 MINAUIYITIEAINUIITINHIUNBURA(extruded power cable)

'lmm"r'ima‘imm"nﬁqummuuuuﬁﬂ'l;msjwmwﬁﬂ v sheflsavwmwduenddiafia (butly
rubber), enai#ifu-Iwai@u (ethylene-propylene rubber), Indiafiau (polyethylene) uaveTREAN
Tniion?idu (crosslinked polyethylene, XLPE) usefhfiszawiuiiu (superceded oil-filed) 7%
ém%’uuwé’uaﬁuv‘huamhunmq

sne wenadafindunsm '-anmm;zﬂunﬁaﬁatﬁmmuut;qﬁuaquaaaTswé‘u(C}ﬂoropren)
viauRenpalasiusiabfiaivingl protective sheath) wmsfimmemimunaay iy, 1, Tolw
o Tod sdiefindduaanfimsnsrsluenesmiliiusege suvsfiofidhifemonnmedin
nermamawienmensbussiurdy 600 Tew & 77 Alalan dassndimaansolunmly
Tufidlurd, qmmﬁﬁmazﬁqmmﬁv’iﬂﬂy $ousanlstusnmilmiirduwsidanm 4 flshan
w15 Tl Lw;si’mztﬁﬂ%gmunm'm(fam) fu dissmnmafintienameviwater tree)
uauniinaan3 (chemical tree) éaﬁtumméwﬁ‘\aiéaﬂwu'lumm‘f':ﬁwﬁﬂwﬁmﬂﬁﬁu(Polyethylene, PE)
uazemasfonlwiioniian uvﬂuﬂa'qﬂumuﬁoﬁwﬁﬂﬁé’ﬂgﬁumj wnzilasnnmmbmide

mnﬁﬁufmﬁﬁﬂﬂwﬁLua;(ethylene propylene copolymer, EPM) tlﬁzmﬂﬁﬁu'[mﬂﬁu‘ﬂﬁ
maﬂwﬁmn‘;(ethylene propylene dien terpolymer, EPDM) gmmuﬁmuwmﬂﬁﬁu‘[mﬁﬁu
(ethylene propylene rubber, EP rubber) duieniiaulaulandeiumnulndeaiassifiin
mmuaslolen, somimet wessaaiiiuerd ussldmeosmeRR uasdshemmeatu
qovgidh  dlaskansmmmumyneemlug(Veloanization)  selasmonigsinafialavivesindues
Seflquueigennianiian nsfaulalaues  grankosdmnemolammsslsbimdamnud
vlrsmanfiduiweianlninasiwases TN MELLLLEEY TN TRAUMAGIN Ethylene
propylene rubber-lead sheath) figmesifmnuuLuNIze B aMA (Paper-lead) Tamnly
vfigomsmen

ssR u ML UATEGR NGO  (Noncross-linked polyethylene-insulated
cable) 'gnﬁmu'luﬂszlmﬂt»l"s"omﬁ'[ﬂumwwmm‘hﬁmﬁmmo‘fuq«ﬁtﬂB(Exua-Highvolmge, EHV) f
wmmeuuaTesinszgnisimmetmned dawngomgilumslfougem Ao sewwuearien
wmifigoongit 90 svenmndes salienaunindioniuadliond 70 swmgaden ussmnelva-
nfidvsnumamiemidtofsea(Partial discharge) %msn'ﬂvl’tﬁﬂgténq Wsadh
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Tndanfidwduavmfisdmiumedmhun e uv;mﬂuuumﬁﬁofﬁwﬁmnﬁﬁmsﬁqmﬁuﬁﬁﬁ‘
ﬁn':'ﬂw:‘mmmmﬁumqmmﬁ SRR Mt vain Tuanalwduies
smhiduesasenialaefiaammanivialaisdunaen WiaduaBiEamaniifinisnmgy mavn
mosnlndianfiausInmum s aneTeanlgn(peroxide) adhlwdianidu wezs AU
yeliguom 1 wifigef 170 avngadushmelodmiwnmmdn  detiimARh
amasfeniinealstlunmhsunesdenwioniia ‘

Wadnsneininlsanmiswetadtn(snge layer) unbivyiueclsuwmmenedu s w
soedulastenaumunaudniaaiiaiconductor shield) wazanm useSefiunmadhdnivnaume
AowdnnaEn, awm uaeBugIewaTIR(insulator shield) laenmnAmmhminaneewaiiaslay
Gumn "nmunm’mtﬂmanwﬁ"u(mple extrusion process)”  unrlsmumAninauinians
(carbon-filled - semiconductor) Lﬁunauo'\’nmm‘uazﬁwytama;’n‘a arhiniuiuasmmiuzesiah
Nyt

dedmhamesfenindleviaumudaduaunmiag Fuuqadmussimasaan rqaun-
wisnhznaume mmquqﬂ"r"lémmﬁuﬁqéauﬂanﬂaauua:iaﬁwﬁnq Tustonum Sommlsaiu
mfefuenusaslalosmsmrsgualummintndn Taessmsibisundn (Closed system)
unehinmslndialwdianfidussansiidhamadulannasemsuumyda USHRDRRMINYTY YR
Taemslsneudninasiaussnmaeniunmda. uesiammsmaRBausuRonTRadnausays Tat
mmnunIATERRANaE LM TIVMRREY

gaﬁuﬁuuﬁﬂﬂwnmawmunmanngi"u(exmlsion) fasnamniisen s Iusumanda
SofineneAT 1 1munnmu‘lﬂﬂma%'q(dry type curing process) HRLIRMNAUMAUNIEFINAGT
(steam curing process) %mmﬁmméwﬁazamﬁaﬁmﬁnq Tusloanau %qtﬂuqmauﬁﬁﬁﬁwﬁmmmu
'lunnmum‘lﬂvhmqq

seflrlinmmenssbiiisdy 15 B 46 Alahan Alrlueedny Difaqiutilaene
macinlndioniiin - melnafiediarlotumltornmerme  Toessanumsneitsawmudunsy
iy mQmaaﬁaﬂwﬁ&amﬁﬁu&u‘&émnwmuﬁuﬁmﬁwﬁuuazqﬂmnﬁﬁmﬁu el el
1970 T34 115 une 138 Alalan gdiadienean

swmerinlwdaniituunsfioilimaadussnerendasme el
yamannfeammienle  usdirnomsesmwemesnnmcenlindun  mumacdeninaion
fanlummmegunmoaiume sohinmdedauelsmidsnesienndaniduisanotlalae
Toebimpltqunnidug a uazmumﬁimmé’uwﬁnqeq % 138 Alalon vioan v 345
Alaban
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s st uimWesnaetiod uaznmﬁummqmma (Current
capacity) Wuineuouylallalssevdinfisuinzsiusedu 225 Alahan e 600 BNNEN(MVA)
(1200 mmefiadues Fnhagiidien) ua"mumnamsﬁwamnnauwe\mmw 110 Aol & 300
WNNED (600 ATTNAARINGT Fvimaum)

3.2 gamuifvesmanseadenTndeniiay
.- nﬁuamaanm‘iwﬁw(mecmw performance) AN ua.,f;umaﬂnﬁ(breakdown) u.a.,
mmmumw—wqamn ﬂ‘l‘1ﬂalaﬂmﬂﬂaﬁumLWYI(dlelecmC loss tangent) uavmmn
odianadnasininn
- WETNREY3HAIR(Thermal resistivity) Su  shunTaRININIEYTAURLE NI NS
dinsfigoingigegn 90 sehiaidusle wmsigmcsidfmisanaesiann Keues
sarmnsondemibihlasnnmmnemauaasRenndionin
- sumarniniiaviiaudiiminun mﬂz‘lﬁv;mnn’:’qﬂv;aﬁuﬁtﬁu‘[am
- sunmesdnindeiiaudusesanene ] (dry type) %ms‘lﬁﬁﬂtymt’}m&wﬁu %
ﬂtym:‘a’mztﬁﬂ%uﬁnmm‘ﬂ;amuﬁuuuunwmniu&ﬂu i it
- Semueasameenmued]
- NEeENTIAR
ﬁ’mmﬁnénuﬁm?mﬂuﬁa‘l&uﬁmmmumaﬂé\aﬂwﬁLam‘lﬁu uasfrenamenliifiaenam
fovnnpLTaImLRTIRAIRINREYTIAN
- sutasueTRAnIndlen A e s mmsne et
- femamumysnusadiiaiae impulse) ﬁaunﬁmmﬂ%nwmm}uﬁﬁu
- ﬁqmﬁuﬁﬁmamqnmqﬁﬁaun&mwv‘i'la?mmwﬁu&ﬁu
- fuvnanmdnuanhsnnmm
- suaTesnindioniianbidlmammmusonafielatnn (corona) wiiaMaerwuLLInTY
aspaniistu usehudiefiouazenaomiuloiam
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3.3 esnlizneuveamasiiinseatinInaieniiay

NN (conductgr)
(SYOnuTIADIIMY (seperator tape)
- e 2
iinsusnnasvulu
(inner semiconductiong layer)

RUM(insulation)

- o 3
HUAOUANADIYUUDN
(outer semi-conduction layer)

, .
misuusuuen

(outer shield tape)
mneatiAl(cu shield tape)

mui';qmﬂ(binding tape)

»
nlenyqumousn (sheath)

A ¥ * o - “
UM 3.1 ueraseentssnouvsatsAniriansoaden Indienfiau
] 1 v )
#ni1(conductor) Whisamfinseuatiivinarm

t%wmuma{mﬂ(sepmtor tape) Whimlsnmehimnihlasussuisasnaudninesda vie
wnsawamlininaly (injection) Tewmenedah

Wﬁﬂauﬁ“ﬂmm‘gu'lu(inner semiconducting layer (conductor shield)) ﬂwwﬁwﬁﬁmmuﬁmﬁqm
dhigUmanssueniumdinh yhlnguendhdumnssfenmamesussmnii, fimamend
Ainennan

AU MU (insulation) ﬁm:wﬁuvuLﬁa‘lﬁ'lﬁ‘lﬂv?‘mﬁaamwm‘hﬁ\

wﬁnauﬁ'nmns'afuuon(outer semiconducting layer (insulation shield)) ﬁwwﬁwﬁﬁuamuﬁnmﬁqm
umwan Yimawwbrivhimelussonsshisie, aedhanenefuaindfumnauss

MUNBIAICu shield tape) Yomd ﬁmzuﬁ‘lwﬁﬁ\lwamﬁuwmtﬁﬂqﬂ’v‘umi vaauAelnnmugte
Inssenhigimmaniadammsnioandiy

oA (binding tape) 'h?zim%’umm?n’nvammmuw‘iaﬁﬂv"uﬂu;ﬂnau Smiumednhunwdinn W
Jmﬁ’mwﬂnmumtﬂﬁ'uuﬁlmwwmﬁmﬂﬂ'nmum‘lﬂvyﬁﬂﬁuqu‘ianuyu

1 4 [] [ » »
nAenuniousn(sheath) Wusmtinemsudausoinens, Ussfuemsndemeanmenan
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84 Funoumsnian

%’uwaunwwﬁmmm‘f'zmmaﬁﬁofﬂwﬁmnﬁﬁu’luﬂﬂqﬁ'uﬁé'mﬁunmu’ai % Fmmhmrien-
T ﬂanu'luumLauTm(Catenary Continuous Vulcanization, CCV) Fmavhmiiaa higaaruluimg
N(Vemcal Contmuous Vulcamzatlon VCV) ua:nmﬂmmnamaqm‘hﬂuuuuwuw(l_ong Land

die method). ummnuﬂumzmmmamanﬂawq gty umzmnu'luﬂuavmmmﬂm}-mu'luuw
G

FonRuasmnmussiiuamiih

unwih

$hiin (extruder) Yamlunewes {Vulcanizer) ﬁl(’mﬁ’ﬂvvltfmv'l"a
U1 3.2 usammnumanAandn

341 WrimsamlugneduhumnmuTnacev Method)

Tl mhdaunsngscew-iype  extruder) - anlmdainRionTius ngnataniue
(Vulcamzmg tube) lnegungiiiodensogimann 126427 oernigndes uauratoag |
quingavagfl 200-400 neenignides Tnarmmemithisnnhzanos 70-100 wwrs usmnessulaths
femaemitl 160-200 wies washovsnsn meaidugn

~ © o slat . ¢ : ! -~ oo
':muuuhmuammmmhm‘swammumummﬁumquunawmtm 3 th 70 Ao

71 3.3 usismdauuumahmeem searlwusasdnicoy)
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1. '?‘;Lﬁuv'hﬁ‘l(Supply stand)

2,4, 9 22, 24 n’;‘lu(capstan)

32 Qﬂﬂ‘l‘;(IDOp car)

6. Lﬂ?.mq'uﬁ’im(Condumr preheater)
6,7 ﬁiiu"fvlqﬁu(Material preheater)
8, 9, 10 Wifim(extruder)

11. Lﬂéﬁﬁﬂm‘luﬁﬂlﬁm(Eccenmcity Measurement)

12. Qatﬂﬂ'ﬂmunﬁl.an‘z‘mé(x-ray TV set)

13. mémémﬁn%rsé(x-ray scanner)

14. Lﬂ?'mmuqum‘m‘[f;d(catenary position control)

6. \avhuseduga(High pressure steam)

16. Lﬂ%"mmuqumwmmmmma.iqmd heigh control)
17. &mwﬁutjq(High pressure water)
18. mémﬁumumuuan(Double seal)
25. 2908

Tnenmndmezdmndmismnniidiy. swhdalidumamen mmmnmanuwmqmqu
vk Wfumemunesinsnsishosnindiadunendninaiien wmmunméuuummunmmu
mmmmmmLtam‘lﬂgwmaunamuammum‘lﬂ %mé’a’-nnmui’uwauﬁmumuwzqnﬁm:’w
navusnIDITAR, vw uaeﬁwgmmm‘?raé nﬁmm‘:’mvimﬁa"z‘am‘lm‘w;';umwn%'mazqmmﬁaomﬁ
. unsazaananiiumracRenlwdioniian

342 "S‘imsvhn1:’J’nm'iuq'doﬁumuum‘ﬂ;\:(vcv Method)

QT T T T NP NET AN, N S S e Method) 3N mlmuwaun"n
wRMURLRUNTOT b mmtmwﬂnunm'luumm Towammay wmﬁeﬂrmm 60-80 v Tneridil
slyndnsnesily 2 iy fafierad 10-200 werweni JmasdnuAtiaungusnay
M 370 AnRews uerhienug 1-80 W Vinmnnsnefifeusnguenanmwn 30150
fafiis '
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wasnnmandabitiinsanrmemuazgunme Gmagemm vibwmpdlunndaliitigs
[] 1 4 1 4
mmitrssnTvh uusasmlag
z ~od ! [ ¢ v -t b -~ v L
Vasadiiunaian g Wit aduna3(Steam-curing method) Tnelermmdiuizancs 20-
' ! -4 -t o v it . v v l‘ ~al
30 Alanfumammasviivm withiteiiymianadsasmmiummhlvmum Jufmsndis
Y ' ¢ ¢ v v -~ e !
filsmg wm Wulemanyy) winamuauleeentenico,) Tnelsmmehzan 1020 Alanfimammy
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U 34 usmmandmmmaamighinfavey)
1. fufiusiarh

2,16 M
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7,8, 9 Wil

10 ﬁ'n"m 2 %‘v. {two-layer common head)
11 sabraviemilunadnass

12 whnahe ey (Heater)

13 m“mmuqummmwmmm

14 ygyhemsufu(Cooling Tube)

15 m‘fmﬁumumuuan

17 2908

L 4 4
34.3 AmisfadegmlaluuuuRun@ong Land Die Method)
P I.d an O oa va . y 4\1;34 A ”001 4\1 ant
Wasnninfenituwidnusadiimabeneuid  Sausedinumadalusaitum
v v * 2 ~ * v 'a o J
Sampalyszezamim yineuS umsrdedfinayfiszdumila
v b oald Xl ; : - 4 d
dubRafeuitHitwnlosmdudims(Auxiliary agent) WaswrnnTvRaNHDNTIAREUA
' - ") L 4 v Vv ' 2 n !
penmuGtuyariagiuluwsiam s issaammuaeanmeumahasas@en
v 1 4 v 1 » 1 4
'lumwﬁmfﬁﬂumunnwﬁmzaq\uuumé’u uasazmavoanuuyindniedeunlinomilay

t ' ‘l

Linmlnue ussiitielrlinmndnmesmhifmoadnguenaismaning

A‘ r3 L P v -~ ¢
7 356 usmnmandeuuunsfedanen i uwnfiam
1 W@e (Cross head)

2 Umehidia (hipple)

3 qﬂmn:nmtuiﬁm; (Long Land die device)

4 ﬂni'w'lunméa (Mold assist agent supplier)
5 qﬂnminémﬁu (Cooling device)
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3133 UM (Die)

41 laviewa$d (Porous metal)

42 ?‘hﬁumﬁwhnméa (Mold assist agent reservoir)

43-45 .mﬁ:ﬁwﬁw'lunméa‘lmﬁm (Mold assist agent passage)

s lensmauisshemsduenanie s iishueentbudavesuon
sumandunlanunein - ussmnsbidvormdhudosum  mirnguenaeneuachifintion
Tenssmarmsnsmomueutesenadubany qumgRlummhesassrsamntiineg ineqomniings
Toannfign doiuasimeadalumemasdamsmi wssgUnmodmaniEnag

» d
3.5 YuneHMIIMMATETRININABNNAN.

t 4 ] + v
mavhemasRenindianiiwiu lummiugesmnosrdasedridhuady 3 fumaundn

3.5.1 HumaunTInG
3.5.2 fumaunida

¥ 4
3.5.3 tuspuMAIaERN

Ldumounmesnin  sowscamdnfde TronTiuarsMseNTINTATadAIN(Cross-
linked agent) vvanm 2-3 é'm;a 100 é'm uﬂzé'mmuauém’-'io(anﬁ-agmg) Lﬁn{mu uaslwg'u
TS TN TS AT N e eqndafigumnRifniuiunoufinesde  tancs
140 avnigaied uazazw'még’uwaunnmaaﬁqﬁ '«quLﬁummﬁmﬁ'ﬂéﬁwﬁLﬁﬂmnnnmﬂmﬂﬁoﬁ
ivdunanlauotamvheesfenaanislunrnaamesi

- funsumninsondan

Twﬁmm‘fﬂummzmaﬂﬁqéammLﬁﬂ‘15a1nﬂﬁﬁ‘1mﬂwma‘i Ao e radia-

tion induce) Tﬂummzﬁuunnﬁ%’qﬁunmh(y-ray) el Bianmavsuihian
e ‘
alaetndmesuandiublusendunaumeladidunen  umdedumailndu
uwueTesdn  lawmdummiusadumadiontuusmlanm G dhimnsyenmeasen
fommidasmatudumasfnnonieam 100 Swnmaukan (V) nmwé’muﬁqﬂnﬁmiﬂﬂ
Uiieeiflimanemesfemasviionfifusufindog .%e'[wﬁmﬂﬁﬁw"[maqaﬁﬁ
Wurcbidusmannn Amlmnn 15 W 1000 é’:uluTwﬁLanﬁﬁumme'\’uzjo(}ﬂgh-pr&esme
polyethelene) Wszilmnms 06 W 1000 slulndenfidunandushLow-pressure
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polyethelene) Wwowdidife 200 I 1000 swluenormmd  doiudadhunguem
v ' ~a A - v ¢ ¢
bdltasiudwhsuifBnmiobnrmmd  Tneslimmuloentse  (er-
] 1 ' o 1 - < <
oxide) Wnmafiienum atnams ledavinffiawleteanien(di-or-cumyl peroxide) wae

»

¢ ¢ n A v, '
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The Calculation of High Voltage Fields in Solid
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poly-ethylene udhunfiuifienmammena

Abstract '

A Generalized analytical for computing Electric field in solid is Introduced. It is based on
the field dependent observation that Conductivity of acetophenone-doped polypropylene is field
dependent over a range of applied electric streeses, a simple analysis shows that the
Increasing of conductivity. For the study of the the-orem'cal model, the needle-plate electrode
system has been widely used by many investigator. We assume that a concentric spherical
electrode configuration with the radius of the inner sphere much smaller than that of the outer
sphere, can be approximately used to represent the needle-plate electrode configuration. The
water-doped polyethylene was tested with this sets and taking the results be the reference.
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AIMARUIN 1.

SPECIFICATIONS FOR
THERMOPLASTIC AND CROSSLINKED POLYETHYLENE
INSULATED SHIELDED POWER CABLES
RATED 5 THROUGH 46 KV

(8TH EDITION)

Prepared by Cable Engineering Section, Committee on Power Distribution,
Association of Edison Illuminating Companies.

AEIC Specifications are adopted in the public interest and are designed to
eliminate misunderstanding between manufacturer and the user, and to assist
the user in selecting and obtaining the proper product for his particular
need. Existence of any AEIC Specification does not in any respect preclude
the manufacture or use of products not conforming to the Specification.
Use of the AEIC Specification is at the user's own risk. AEIC makes no
warranties or representations concerning the specifications and the user is

to satisfy itself that the specification is adequate and appropriate for
use. ‘
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SPECIFICATIONS FOR
THERMOPLASTIC AND CROSSLINKED POLYETHYLENE INSULATED,
SHIELDED POWER CABLES RATED 5 THROUGH 46 kV

GENERAL
A.l1 Scope

These Specifications are intended to supplement applicable ICEA-NEMA
Standards for thermoplastic polyethylene and crosslinked thermosetting
polyethylene (referred to in these specifications as crosslinked
polyethylene) insulated cables rated 5 through 46 kV and used for the
transmission and distribution of electric energy. Cables purchased
under these specifications shall, unless otherwise specified, meet the
requirements of the applicable ICEA-NEMA Standards and the modifica-
tions and additions given ‘in the subsequent paragraphs. Also, unless
otherwise specified, the frequency of making tests or taking samples
shall be in accordance with the applicable ICEA-NEMA Standards,
$-66-524 and S-61-402.

A.1.1 Since the original issue of this document, extensive field per-
formance results and laboratory data has been accumulated. This
experience has shown that cables with thermoplastic insulation which
have been installed in a wet environment may have a reduced life
expectancy, especially at higher dielectric operating stresses. When
these conditions are anticipated, the user should consult with the
manufacturer and consider such options as increased insulation
thickness, tree resistant compounds, metallic sheath, and filled
conductor strand. Pending further experience, it is suggested that
similar consideration also be given when specifying XLP insulation for
these conditions.

A.1.2 The user of this specification should recognize that many
options are included. The user should select the necessary options
required for a complete description of the desired cable.

Conductor - See ICEA-NEMA Standards
Metal - copper (bare or coated) or aluminum 1350
Aluminum Conductor Temper - hard, three-quarter hard, or
half-hard
Conductor Stranding — solid, concentric, compressed, or compact,
Class B or C
Conductor Size
Stress Control Layer (conductor. shield).r See Paragraph.D.l.
Insulation - See Paragraph A.3
Material - Thermoplastic or crosslinked polyethylene (filled or
unfilled)
Insulation Thickness — Depends on voltage rating and Column A or B
choice — See Table Cl

yon—M§E§;Lig_Insulation Shielding.- See Paragraph D.2 and D.4

T Semiconducting polymeric coverings - extruded (thermoplastic,
deformation resistant thermoplastic, or crosslinked) compound, or
combination of extruded compound or tape with coating (paint)

-]-



Metallic Shielding ~ See ICEA-NEMA Standards
Metallic electrostatic shielding - copper tapes (flat or corru-
gated) or wires (bare or coated)
Metallic electrostatic shielding combined with Neutral
Metallic shield requirements for fault current - See ICEA Publica-
tion P-45-482

Overall Covering - See ICEA-NEMA Standards
Thermoplastic or crosslinked jacket (polymeric), sheath
(metallic), material of jacket or sheath

Single or Multiple Conductor Assemblies - See ICEA~NEMA Standards

Identification ~ See Section I
A.2 Maximum Operating Temperatures

A.2.1 The design and construction of the cable shall be such that the
cable will operate satisfactorily in wet or dry locations at conductor
temperatures not exceeding those shown in Table Al.

A.2.2 The temperatures in Table Al under the subheading '"Normal
Operation' are applicable to operating load cycles typical of electric
light and power systems.

A.2.3 The temperatures in Table Al under the subheading '"Emergency
Operation' are applicable for an average over several years, of one
period of not more than 36 hours per year and for a total of not more
than three periods in any 12 consecutive months. (Joint and termina-
tion limitations or cable environmental conditions may require the use
of lower emergency operating temperatures.)

TABLE Al

Maximum Conductor Temperatures °C
(5 through 46 kV)

Type Normal Emergency  Short Circuit
Insulation Operation Operation Operation
Thermoplastic Polyethylene 75 90 150
Crosslinked Polyethylene 90 130 250

A.2.4 These maximum temperatures (the actual hottest portion of the
line or circuit at any time) may be used in ampacity calculations when
adequate information is known about the overall thermal characteristics
of the cable environment to assure that these temperatures will not be
exceeded. 1In the absence of this information, the permissible conduc-
tor temperatures should be reduced by 10 °C or in accordance with
available data.

A.2.5 When the user is considering operation at emergency tempera-
tures, he is cautioned to consider the thermal deformation
characteristics of the semiconducting insulation shielding system.

-2=




A.3 1Insulation, Voids and Contaminants

A.3.1 Thermoplastic Polyethylene Insulation - The insulation shall be
a virgin, high-molecular weight thermoplastic polyethylene compound
which, before application to the conductor, shall comply with the
requirements of ASTM D 1248, latest edition, Type I, Class A, Category
4 or 5, Grade E4 or E5. The insulation of the completed cable shall be
free from:

1. Any void larger than 2 mils. .

2. Any contaminant larger than 7 mils in its largest dimension. The
number of contaminants of sizes between 2 and 7 mils shall not
exceed 15 per cubic inch of insulation for all voltages.

3. Any translucent material that is larger than 50 mils in its radial
vector projection.

The method of examination and frequency of sampling shall be in
accordance with Section E and J. In-plant repairs of the insulation
are prohibited unless specifically agreed to by the purchaser.

A.3.2 Crosslinked Polyethlene Insulation - The insulation shall be
crosslinked polyethylene. The insulation of the completed cable shall
be free from:

1. Any void larger than 3 mils. The number of voids larger than 2
mils shall not exceed 30 per cubic inch of insulation for all
voltages.

2. Any contaminants (opaque material or material that is not
homogeneous crosslinked polyethylene) larger than 7 mils in its
largest dimension. The number of contaminants of sizes between 2
and 7 mils shall not exceed 15 per cubic inch of insulation for all
voltages.

3. Any translucent material that is larger than 50 mils in its radial
vector projection.

The method of examination and frequency of sampling shall be in
accordance with Section E and J. In-plant repairs of the insulation
are prohibited unless specifically agreed to by the purchaser.

"Filled" crosslinked polyethylene contains 10 percent or more of miner-
al fillers by weight. An unfilled compound may contain up to 2-1/2
percent carbon black for use at.S kV and no carbon black over 5 kV.

A.4L Semiconducting Shielding, Voids and Protrusions
A.4.1 Semiconducting extrusion for conductor shielding shall be free
of any voids larger than 3 mils. The number of voids larger than 2

mils shall not exceed 30 per cubic inch of conductor shield. Results
shall be recorded and reported for Engineering Information only.
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A.4.2 Semiconducting extrusion for insulation shielding shall be free
of any voids larger than 5 mils. The number of voids larger than 3
mils shall not exceed 30 per cubic inch of ‘insulation shield. Results
shall be recorded and reported for Engineering Information only.

A.4.3 The contact surface between semiconducting extrusions and the
insulation shall be free from protrusions or irregularities which
extend from the cylindrical surface of the extrusion by more than 5
mils toward the insulation or 10 mils away from the insulation for the
conductor shield, or + 10 mils for the insulation shield.

A.5 When reference is made in this publication to an industry stand-
dard, that reference is to a Standard with the title and date of issue

as listed in Section P.

A.6 Symbols used in this specification.

il

Vr phase-to-phase voltage
Vg = phase-to-ground voltage
vt test voltage
pC = picocoulombs

QUALIFICATION TESTS

Qualification tests included in this section are intended to
demonstrate the capability of the manufacturer to furnish high quality
cable with the desired performance characteristics.

High voltage time test (B.1), impulse test (B.2), cyclic aging test
(B.3), resistance stability test (B.4), and an accelerated water
treeing test (B.5) shall be made initially aund subsequently whenever
the conductor shield, insulation or semiconducting insulation shield
compounds are changed, or when requalification is required.

Where a conductor shield compound has been qualified for use with -an
insulation compound and with a number of insulation shield compounds, a
change of the conductor shield compound shall require requalification
with the approved insulation compound and any one of the approved
insulation shield compounds.

Where an insulation shield compound has been qualified for use with an
insulation compound and with a number of conductor shield compounds, a
change of the insulation shield compound shall require requalification
with the approved insulation compound and any one of the approved
conductor shield compounds.

When any qualified insulation compound is changed, requalification will
be required with all conductor shield and insulation shield compounds
for which approved status is desired.

Requalification tests for previously qualified constructions are
required on one sample in accord with the following:

a) Each insulation shall be requalified at 24 month intervals.

b) Each insulation shall be requalified for major processing changes,
such as replacement of steam cured with dry cured equipment on
extrusion lines.




It is intended that the product furnished under this specification
shall consistently comply with the qualification test requirements.
All data shall be recorded and reported according to J.2. The results
of a failure dissection and examination shall be included.

For qualification of 5 through 15 kV rated cables, one sample of 15 kV
rated cable with a wall thickness of 175 mils, and a conductor size
between 1 AWG and 250 kcmil inclusive shall be tested (1/0 AWG
preferred).

For qualification’ of 5 through 35 kV rated cables, one sample of 35 kV
cable with a wall thickness of either 345 or 420 mils, and a conductor
size between 1 AWG and 250 kecmil inclusive shall be tested (1/0 AWG
preferred).

For qualification of 46 kV rated cables, one sample with a wall
thickness of either 445 or 580 mils and a conductor size between 500
and 2000 kemil inclusive shall be tested.

NOTE: Any specific cable may be qualified on its own kV rating.
B.1 High Voltage Time Test

A high voltage time test shall be made on samples of cable (10' minimum
length between terminals) with rated voltages of 15 kV and higher after
conditioning in accordance with Section B.3

The test frequency shall be 60 Hz. The test shall be performed with
the cable at room temperature. A test voltage equal to 100 V/mil shall
be applied under the conditions stated in Part 6 of ICEA Standard
S-61-402 and held for a period of one hour. The voltage shall then be
increased in 40 V/mil steps and held for 1/2 hour at each value,
continuing to cable breakdown. The V/mil stress is calculated with the
thicknesses from Table Cl.

A sample which fails to withstand the 420 V/mil step (lst 5 hrs.) shall
. be considered to have failed to meet the qualification test
requirements.

The results of each cable test, cable failure dissection and examina-
tion shall also be recorded and reported as engineering information.

On 15 kV rated cable, the test may be discontinued only by reason of a
cable failure outside the terminations. On cable rated 25 thru 46 kV,
the test may be discontinued by reason of a termination failure only if
the 620 V/mil step has been concluded.

B.2 TImpulse Test
An impulse test to establish performance characteristics shall be made
on samples of cable, (10' minimum length between terminals) with rated

voltages of 15 kV and higher in accordance with IEEE Standard No. 82,
Test Procedure for Impulse Voltage Tests on Insulated Conductors.
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The test shall be made on samples of cable with rated voltages of 15 kV
and higher after conditioning in accordance with Section B.3. The
sample shall be placed in a pipe for the complete test. The pipe ends
shall be suitably closed.

. The impulse withstand test shall be performed with the temperature of
the conductor at 90°C jn case of thermoplastic polyethylene, and at
130°C in case of crosslinked polyethylene. The 90°C and 130°C shall be
achieved by circulating current in the conductor. Following the
1mpulse withstand test, reduce the temperatures to the operating level
of 75°C or 90°C respectively and continue to impulse breakdown.

Three impulses of each polarity with a magnitude equal to the BIL shown
in Table Bl shall be applied. The voltage is then to be raised over
the BIL withstand values listed below in steps of approximately 25
percent of BIL with three impulses of negative polarity applied at each
step and continuing to cable breakdown outside the terminals.

For purpose of this specification, the BIL and impulse withstand values
are as follows:

TABLE Bl
Cable Rating BIL Required Impulse
kV _kV Withstand Voltage kV
5 60 75
8 95 120
15 110 140
25 150 190
28 150 190
35 200 250
46 250 310

The results of a failure dissection and examination of each sample
shall be recorded and reported.

B.3 Cyclic Aging Test. Sufficient additional sample length is
'required to provide aged cable for tests B.l and B.2.

The test shall be performed in accordance with the following procedure.
The cable shall be installed in 3" plastic conduit with suitably closed
ends.

1. After a minimum seven day period from the time the cable has been
manufactured for 5 through 35 kV and ten days for 46 kV cables, the
initial partial discharge level shall be measured as specified in
Table Fl.

Also, measure the dissipation factor at voltages given in Table Fl
and at room temperature. Unless there is specific agreement by
purchaser and manufacturer on other values, the dissipation factor
shall not exceed 0.1 percent for thermoplastic polyethylene and
crosslinked polyethylene without fillers or additives (other than
those normally used in processing). If fillers and/or additives
are used, the dissipation factor shall not exceed 0.5 percent.
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I1f the partial discharge values in picocoulombs exceed the values
specified in Table Fl, or if the dissipation factor limits are
exceeded, the test shall be terminated and the cable design
rejected.

2. Using the same cable sample as in 1., a continuous 60 Hz voltage of
three times rated voltage to ground shall be applied for 30 days.

A load current shall be applied to the conductor for approximately
eight continuous hours each working day. The load current shall
produce a conductor temperature of 90°C for thermoplastic
polyethylene and 130°C for crosslinked polyethylene for a period of
not less than six hours per working day.

3. At the midpoint of the test period (15 days) and at the end (30
days), the partial discharge in picocoulombs at room temperature
and at test temperature shall be measured as specified in Table Fl,
and plotted. The dissipation factor at voltages given in Table Fl
and at room temperature and at test temperature shall also be
measured. If the partial discharge values in picocoulombs exceed
the values specified in Table Fl, or if the dissipation factor
limits are exceeded, the test shall be terminated and the cable
design rejected,

B.3.1 Physical Examination - At the end of the 30-day test period, a
two foot sample of the cable shall be dissected and the individual
components examined to determine what changes have taken place during
the cyclic loading. The balance of the cable will be used for tests
B.1 and B.2,

This examination shall include tests as described in Section D.5 to
measure the volume resistivity of the conductor and insulation shields,
and tests to measure the insulation tensile strength and elongation at
rupture.

B.3.2 Report - When requested in accordance with J.2, a complete
report shall be submitted to the purchaser with tabulations of the
physical examination results, including: (1) number, size and location
of cable sections examined; (2) all load currents; (3) conductor
temperatures; (4) partial discharge values; (5) voltages and (6)
dissipation factor measurements.

B.4 Resistance Stability Test
The requirements described in ICEA Publication T-25-425 shall be met.

B.5 Accelerated Water Treeing Test (For Trial Use and Engineering
Information Only)



B.5.1 General - This test procedure is applicable for single conductor
extruded dielectric cables manufactured with thermoplastic or
crosslinked polyethylene insulation. The test samples selected for
testing shall be a minimum of 15 feet long (active shielded length) and
shall be rated 15 kV, with a 175 mil wall. The conductor size shall bg
between #2 AWG and #4/0 AWG; #1/0 AWG preferred. The conductor shall
be compressed class B stranded aluminum.

B.5.2 Preconditioning of Test Samples - Prior to testing cables for
accelerated electrochemical treeing, the overall jacket, if any, shall
be removed from each cable sample. Appropriate stress relief terminals
shall then be installed on the cable and an ac voltage of 200 volts/mil
shall be applied to the center conductor of the sample for five
minutes. The sample shall then be installed inside a nominal 3 inch
plastic conduit with the conduit ends closed. Measure the power factor
at voltages given in Table Fl and at room temperature. Then
precondition the cable as follows:

B.5.2.1 Thermoplastic Cables -~ Two samples of thermoplastic cable are
required for the preconditioning test. While maintaining rated 8.7 kV
on the cable samples, current shall be circulated in the conductor for
50 hours at 75°C and subsequently for 150 hours at 90°C.

B.5.2.2 Crosslinked Cables - Two samples of crosslinked cable are
required for the preconditioning test. While maintaining 8.7 kV on the
cable samples, current shall be circulated in the conductor for 50
hours at 90°C and subsequently for 150 hours at 130°C.

B.5.3 Test Sample Preparation - When the appropriate preconditioning
is completed, provisions shall be made to fill the conductor strand
interstices of the entire sample with tap water and to maintain this
condition throughout the test. After the conductor is filled, 50 to 75
percent of the test sample length shall be immersed in tap water by
filling the conduit and sealing the ends of the conduit. The treeing
test shall then be commenced with one of the following procedures:

B.5.4 Test Procedures — Two test brocedures for accelerated treeing
are outlined herein. Either procedure may be used, depending on the
availability of time or test equipment.

B.5.4.1 Test I - Test Voltage: 85 volts/mil (average stress)
Test Frequency: 950 -~ 1050 Hz

load Cycle: The load cycle for current shall
be 8 hours on per day with the
maximum conductor temperature
being attained for a minimum of 6
hours each day. The current shall
be cycled for 5 days during each
week. The voltage shall be
maintained for the entire test
period of 90 days.
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(*)
Conductor Temperature:
For thermoplastic polyethylene
cables the maximum conductor
temperature shall be 75°C.

For crosslinked polyethylene
insulated cables the maximum
conductor temperature shall be

90°c.
B.5.4.2 Test II - Test Voltage: 150 volts/mil (average stress)
Test Frequency:  49-61 Hz (state nominal frequency
utilized)
Load Cycle: The load cycle for current shall

be 8 hours on per day with the
maximum conductor temperature
being attained for a minimum of 6
hours each day. The current shall
be cycled for 5 days during each
week. The voltage shall be
maintained for the entire test
period of 120 days.
(*)

Conductor Temperature:

For thermoplastic polyethylene
insulated cables the maximum

conductor temperature shall be
75°C.

For crosslinked polyethylene
insulated cables the maximum

conductor tempera- ture shall be
90°cC.

(*¥) Maximum conductor temperature may occur on sample sections in water or
in air depending on methods employed for providing the water jacket on
the outside of the cable,

B.5.5 Dissipation Factor Test - measure the dissipation factor at
rated voltage to ground at room temperature upon completion of the
accelerated water treeing test.

B.5.6 AC Breakdown Test — An ac breakdown test shall be performed upon
completion of the accelerated ‘water treeing test. This test shall be
performed immediately after the termination of the treeing test;
preferably, within the same working day. If this is not possible, the
sample shall be stored in water until the ac breakdown test can be
completed. When special cable terminals (i.e., water terminals,
etc...) are employed for the breakdown tests, the minimum 15 foot



active cable length shall not be shortened by the application of such
terminals. Without draining the water from the counductor, am ac
voltage of 100 volts/mil shall be applied to the center conductor of
the test sample for one hour with increasing voltage steps of 40
volts/mil for 1/2 hour each, until breakdown. Dielectric breakdown
shall occur in the active shielded section of the cable sample.
Retermination is permitted should breakdown occur in the terminal. The
cumulative time and voltage at breakdown shall be recorded and reported
for engineering information only.

B.5.7 Impulse Breakdown Test - an impulse breakdown test shall be
performed on one of the two samples from the accelerated water treeing
test. The sample treatment shall be as described in B.5.6 for the ac
breakdown test. All testing is to be at room temperature. Use IEEE
Standard No. 82 for the test procedure. Should a failure result at a
value equal to or below the BIL rating, reterminate the longest
remaining cable length and retest the sample.

The results of the testing and failure disection shall be recorded and
reported as engineering information.

B.5.8 Tree Count - Upon completion of the AC breakdown test, a minimum
of thirty wafers approximately 25 mils thick and one or more wafers
approximately 5 mils thick shall be cut from sections adjacent to the
cable fault, dyed in an approprlate manner and examined for water and
electrical treeing. Tree size (mils) and density (number per cubic inch
of insulation) shall be counted and plotted on five cycle semi log
paper, with the number of trees plotted on the ordinate and the size
plotted on the absicssa of the graph. This data shall be reported for
engineering information only. The samples shall be maintained for 24
months. The following tree counts shall be made.

B.5.8.1 Count and record on all wafers the number and size of trees 10
mils and larger emanating from the conductor and insulation shield
surfaces.

B.5.8.2 Count and record on all wafers the number and size of trees 10
mils and larger in the insulation (bow-ties). The suggested size
groups are: 10- 20 mils, 21-30 mils, 31-40 mils, etc.

B.5.8.3 Count and record the number and size of trees (bow-ties) 2
mils and larger in a representative section of one thin (approx1mate1y
5 mil) wafer. It is recommended that a 100 mil x 100 mil area in the
center of the insulation wall of the wafer be used for this purpose.
The suggested size groups are: 2-5 mils, 6-10 mils, etc. The purpose
of this tree count is to evaluate the propensity for the insulation to
develop large numbers of small bow-tie type trees.

C. INSULATION THICKNESS AND TEST VOLTAGES

C.l1. The insulation thicknesses in Table Cl are based on the rated
circuit voltage, phase to phase, and on the cable insulation level.
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C.2 The insulation thicknesses in Table Cl shall apply to single-
conductor cables and to the individual conductors of multiple-conductor
cables.

C.3 The average thickness of insulation shall not be less than in
Table Cl. The average thickness of insulation shall be determined by
'usxng an optical measuring device, taking four measurements 90° apart.
The average thickness shall be taken as one-fourth of the sum of the
four measurements.

C.4 The minimum insulation thickness at any point shall not be less
than 90 percent of the values in the table.

C.5 The thickness of insulation for the various systems shall be
determined as follows:

C.5.1 For three-phase systems with 100 percent insulation level (NOTE
4, Table Cl), use the thickness value given 1in colgmps A _or B of the
table (see Note 1, Table Cl). Q

C.5.2 For delta systems where one leg may be grounded for periods over
one hour, see 173 percent level in Note 4, Table Cl.

C.5.3 For single and two-phase systems with 100 percent insulation
level, multiply the voltage to ground by 1.73 and use the resulting
voltage value or next higher rating to select the corresponding
insulatien thickness from Column A or B, Table Cl.
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TABLE Cl

INSULATION THICKNESSES, TEST VOLTAGES AND
CONDUCTOR SIZES FOR THERMOPLASTIC AND
CROSSLINKED POLYETHYLENE INSULATED POWER CABLES

Rated Minimum
Voltage Average 5 Minute 15 Minute
Phase to Insulation ac Test dc Test
Phase Conductor Size Thickness Voltages Voltages
kV AWG or kcmil . Mils kv kV
A B A B A B
5 8 to 1000 229 90 115 292 18 23 35 45
Above 1000 140 140 18 23 35 45
8 6 to 1000 292 115 140 356 23 28 45 55
Above 1000 175 175 23 28 45 55
15 2 to 1000 445 175 220550 35 44 70 80
Above 1000 220 220 35 44 70 80
25 1 to 2000 f40 260 320 813 52 64 100 120
28 ‘1 to 2000 70 280 345 7t 56 69 105 125
35 1/0 to 2000 116345 420 witl 69 84 125 155
46 4/0 to 2000 130 445 580172 89 116 165 215
NOTES:
1. There are two insulation thicknesses specified in some cases for

thermoplastic and crosslinked ‘polyethylene insulated cable having the
same voltage rating. Columns A and B provide a choice of these
thicknesses for the 100 percent insulation level. This choice will
depend on the pertinent operating experience and evaluation of other
factors such as conductor size, initial cost, replacement cost, impulse
strength, etc. When the 133 percent insulation level is required,
Colunn B, insulation thickness may be specified. (See Note &4.)

a. Rated Voltage, for the purpose of these specifications, is a value
selected by the purchaser as a convenient reference for defining
the insulation requirements for his cable.

b. For cables intended for three-phase systems, the Rated Voltage is
expressed in terms of phase-to-phase voltage. For cables intended
for other systems, it should be expressed in suitable terms that
will make clear the voltages involved.

c¢. The phase-to-phase operating voltage may exceed the Rated Voltage

by 5 percent during continuous operation, or 10 percent during
emergencies of not more than 15 minutes duration.
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For other voltage ratings and conductor sizes, specific agreement
between purchaser and manufacturer in the selection of insulation
thickness for each application is recommended. When the user is
considering conductor sizes or insulation wall thicknesses less than
the values shown in the table, the effects of maximum voltage stresses
should be evaluated.

The selection of the cable insulation level to be used in a particular
installation shall be made on the basis of the applicable
phase-to-phase voltage and the general system category as outlined
below.

a. 100 Percent Level - Cables in this category may be applied where
the system is provided with relay protection such that ground
faults will be cleared as rapidly as possible, but in any case
within one minute. While these cables are applicable to the great
majority of cable installations which are on grounded systems, they
may also be used on other systems for which the application of
cables is acceptable provided the above clearing requirements are
met in completely deenergizing the faulted section.

b. 133 Percent Level - This insulation level corresponds to that
formérly designated for ungrounded systems, Cables in this
category may be applied in situations where the clearing time
requlrements of the 100 percent level category cannot be met, and
yet there is adequate assurance that the faulted section wlll be
deenergized in a time not exceeding one hour. Also, they may be
used when additional insulation strength over the 100 percent level
category is desirable,

¢. 173 Percent Level - Cables in this category should be applied on
Systems where the time required to deenergize a grounded section is
indefinite. Their use is recommended also for resonant grounded
. systems., Consult the manufacturer for insulation thicknesses.

d. In common with other electrical equipment, the use of cable is not
recommended on systems where the ratio of the zero to positive
Phase sequence reactance of the system at the point of cable
application lies between -1 and -40 since excessively high voltages
may be encountered in the case of ground faults.

To limit the maximum voltage stress on the insulation at the conductor
to a safe value, the minimum size of the counductor shall be in
accordance with Table Cl. For cables or conditions of service where
mechanical stresses govern, such as in submarine cables or long
vertical risers, these minimum conductor sizes may not provide
sufficient strength.
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SEMICONDUCTING SHIELDING

D.1 The conductor shielding shall be extruded and shall consist of
black, semiconducting material compatible with the insulation and the
conductor and shall have allowable operating temperatures equal to or
higher than those of the insulation. The outer surface of the
conductor shield shall be cylindrical and shall be firmly bonded to the
overlying insulation. The extruded shield shall be easily removable
from the conductor and the -average thickness shall be in accordance
with Table D1¥*,

A semiconducting tape may be used between the conductor and the
extruded semiconducting material. When the tape is used, the extruded
material shall have the thicknesses given in Table Dl.

TABLE Dl

Conductor Shield Thickness (mils) .
Conductor Size Minimum Minimum e
AWG or kcmil Point Average -
QY -l
8-4/0 - R U 15 D232
11 250-500 ¢4 okl 16 20
600~-1000 5 0o.51 20 25
208 - G v
D.2 The ipnsulation shielding shall be extruded unless otherwise
specified ‘and shall consist of one layer of black, semiconducting
thermoplastic or thermosetting material (as specified by the purchaser)
applied directly over the insulation. The thermosetting material shall
meet the solvent extraction requirements as described in E.2.2.

The thickness of the extruded insulation shielding shall be in
accordance with Table D2. (To determine the minimum diameter over the
insulation, Table 0l shall be used.)

The purchaser of cable without an outer jacket or lead sheath should
consider the physical requirements of the semiconducting insulation

shielding.

TABLE D2

Calculated For Cables With For Cables Without
Minimum an Overall Jacket an Overall Jacket
Diameter Over Insulation Shield (mils) Insulation Shield (mils)
Insulation Minimum Minimum Maximum Minimum Minimum Maximum
Inches Average Point Point Average Point Point

0-1.000 30 24 70 30 24 70

1.001-1.500 40 32 70 50 40 85
1.501-2.000 50 40 85 70 56 115
2.00l-and larger 50 40 100 70 56 130
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*For compact round conductors having a diameter eccentricity tolerance
verified by measurement of 2 mils before covering, the average
conductor shielding thickness may be 50% of Table D1 values if stated
by manufacturer at time of quotation.

D.3.1 For cables rated 5 through 35 kV, when the stripping test of
H.1.1 is performed on extruded insulation shielding, the tension
required to remove 1/2 inch strips at room temperature shall conform to
Table D3. The shielding shall be removable without damaging the
insulation, leaving no conducting material which cannot be readily
removed. These requirements do not apply to a paint and tape shield or

when a bonded insulation shield 1is specified.

An insulation shield that requires‘heat for its removal shall not be
supplied unless specifitally approved by the purchaser. 1In this case,
the maximum tension shown in Table D3 shall apply after the application
of heat. The minimum value shall be 10 pounds for room temperature
measurements.

D.3.2 For cables rated 5 through 35 kV, a second test per H.1.2 shall
be made for cases where the maximum tensions of Table D3 are exceeded.

D.3.3 For cables rated 46 kV, the insulation shield shall be bonded
mechanically, firmly and continuously to the insulation. If a firm
bond cannot be obtained, then the required tension to remove a 1/2 1inch
wide, longitudinally cut strip of extruded insulation shielding at room
temperature shall not be less than 12 pounds when tested in accordance
with H.1.1 of this specification.

TABLE D3
Type of Insulation Minimum/Maximum Tension In Pounds
Shield : 5-35 kV Class Cables
Thermoplastic or crosslinked 6/24

—=D.4 Where the manufacturer proposes Lo furnish a semiconducting,

coating or paint as an eleqtzpstatic—shieldﬁiﬁﬁfiéd"Qi;ectly.to the
_}nsulation4surface and enclosed by the semiconducting tape shield, he

shall so state at the time of the quotation. Since both the coating
and semiconducting tape shield are electrically conductive, a warning
or identification of this fact 1is essential. A marker tape, placed

directly under the metallic shielding, shall be printed with the

legend, "Remove the underlying semiconducting tape shield and coating
before splicing or terminating". The semiconducting tape shall consist
of nylon cloth coated, impregnated, frictioned or calendered on one

faceand—skimmed on the other face with conducting rubber compound. The
skim coat may be cured or uncured and shall contain no sulphur or_other
ingredients which will react with metals contacting_the tape. The
nominal thickness of the” tape shall be Aot 1éss_than 10 mils.”“The”
semiconducting tape shall be helically applied to the cable with

printed side up with 10 percent or more overlap on itself. The tape
shall be free of significant creases or-wrinkles.
y Wu ,.«mﬁu
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D.5 The volume resistivity of extruded or taped semiconducting shields
shall be measured by the two electrode method outlined in Part 6 of
ICEA Standard S$-66~524.

o
The volume resistivity 1n/meter ohms, when measured at the temperatures
indicated, shall not exceed the following values:

On Thermoplastic Polyethylene

Insulation 75°C 90°C
Extruded conductor shield 1000 1000
Extruded insulation shield 500 -—-
Taped insulation shield 500 -—-

On Crosslinked Polyethylene

Insulation 90°C 110°¢C 130°C
Extruded conductor shield 1000 - 1000
Extruded insulation shield 500 500 ---
Taped insulation shield 500 500 ---

PRODUCTION SAMPLING TESTS

E.1 Heat Dlstortlon Requirement for XLP Insulation

Filled Unfilled
250 keniil and smaller
{(Ensulation tested ‘on.conductor)
Maximum percent distortion 20 25
Larger -than 250 'kemil
(Buffed samples of insulation taken
in close proximity to the conductor)
Maximum percent distortion 10 15

E.2.1 Solvent Extraction Requirements for XLP Insulation

A test shall be made on a sample of insulation taken from the inner 25
percent of the insulation wall in accordance with ASTM D 2765 Method A,
using a Wiley cutting mill or equivalent,

Filled Unfilled
IExtractables afiter 20 hours '
drying time-
Maxiimum percent 30 30

E.2.2 Solvent Extraction Test for Extruded XLP Sem1conﬂuct1ng

_Conductor Shield & Insulation Shield - A representative cross sectiom

containing the ‘extruded” conductor shielding and insulation shield if
crosslinked shall be cut from the cable. The resulting wafer shall be
at least 25 mils thick. Any outer covering and the conductor shall be
removed. The resulting wafer shall then be placed in a
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liter of boiling, fresh decahydronaphthalene with one percent by weight
antioxidant 2246 for five hours using the equipment specified in ASTM D
2765. The wafer shall then be removed from the solvent and examined
with a minimum 15-power magnification.

The extruded semiconducting shields shall be continuous for the total
360°. Partial loss of the extruded semiconducting material at the
exposed surface is permitted provided there is semiconducting material
at the insulation surface for a total of 360°. Total or partial
separation of the semiconducting shield from the insulation is
permissible,

Examination indicating any lack of continuous and complete shielding
shall .be cause for rejection.

E.3 Structural Stability Test

A structural stability test as described in this section shall be made
on samples of cable with rated voltages of 15 kV and higher. This test
is to be performed with the cable in a plastic pipe except when oven
" heating is used. The pipe ends shall be suitably closed.

The sample selected for this test shall not be less than 30 feet long.
The sample shall be conditioned, with no test voltage applied, either
by circulating current in the conductor or by oven heating at the
following conductor temperatures in the sequence indicated:

1. Room temperature.

2. Not less than six hours at 75°C for thermoplastic polyethylene and
90°C for crosslinked polyethylene.

3. Not less than six hours at 90°C for thermoplastic polyethylene and
130°C for crosslinked polyethylene.

4, Room temperature.

The partial discharge in picocoulombs shall be measured at room tem-
perature at the first and fourth steps; at 75 or 90°C whichever is
applicable, at the end of the second step; and at 90 or 130°C whichever
is applicable, at the end of the third step. Use test voltages as
specified in Table Fl. The measured values of all steps shall not
exceed the values given in the above table for the rated voltage and
insulation thickness of the cable. The method of heating shall be
recorded and reported.

A dissipation factor test shall be made on the above sample. The
dissipation factor shall be measured at rated voltage to ground at each
temperature step. Unless there is specific agreement by purchaser and
manufactarer on other values, the dissipation factor shall not exceed
0.1 percent for thermoplastic polyethylene and crosslinked polyethylene
without fillers or additives (other than those normally used in
processing). If fillers and/or additives are used, the dissipation
factor shall not exceed 0.5 perceat. U5yl AU
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E.4 Dimensiopnal Stability

Tests shall be made to determine the dimensional stability of the cable
system.

The axial protrusion of the inner conductor from the dielectric core
shall be determined in accordance with the following:

1. A one-foot sample shall be taken at least one foot away from the
end of the reel length. A square cut shall be made through the
ends of this sample when at room temperature.

2. All outer materials shall be removed, including jacket, metallic
shielding, nonmetallic shielding tapes and bedding tapes.

3. The sample shall be placed at once in an oven for 20 hours at 70°C
if thermoplastic polyethylene and at 121°C if crosslinked
polyethylene.

4. After removal of the sample from the oven, the conductor protrusion
at each end shall be measured at room temperature and recorded.

A 5 to 35 kV sample on which the conductor protrusion exceeds 125 mils
for stranded and 160 mils for solid conductors at either end shall be
considered to have failed to meet the requirements of this test. (For
resampling procedure, refer to J.4.) The conductor protrusion for 46
kV cable shall not exceed 175 mils at either end.

E.5 Void and Contaminant Determination, and Conductor Shield
Projection Test

E.5.1 Samples shall be prepared as follows: Two inches of the sample
shall be cut helically or in some other convenient manner to produce
thin samples of the insulation. and conductor shield. Wafers (or the
turns of the helix) shall be approximately 25 mils thick (producing
approximately 80 wafers). The cutting blade shall be sharp and shall
produce a sample with uniform thickness and with very smooth cut
surfaces. The sample shall be kept clean and shall be handled
carefully to prevent scratching the cut surfaces.

E.5.2 The entire specimen shall be viewed by transmitted light for
general determination of freedom from voids, contaminants, and
translucent materials in the insulation and between the insulation and
conductor shield¥*.

1. A contaminant is any solid or liquid material which is opaque or
not homogeneous thermoplastic or crosslinked polyethylene insula-
tion, including discolored, translucent material of more than 50
mils in its radial vector projection.

2. The entire area of 20 consecutive wafers (or equivalent turns of
the helical sample) shall be examined with a minimum of 15-power
magnification, including any areas which appear suspect during the
above examination by transmitted light.

*For mineral-filled crosslinked polyethylene insulated cables, and
conductor shields, the reflected light method shall be used.
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3. A tabulation of numbers and sizes shall be made with a minimum of
15-power magnification of:

a. All voids, 2 mils in greatest dimension and larger, in cross-
linked polyethylene; and

b. all contaminants, 2 mils in greatest dimension and larger in
thermoplastic and crosslinked polyethylene; and

c. discolored, translucent material of more than 2 mils in igs
radial vector projection.

This tabulation shall be recorded and reported.

4. The largest void, the largest contaminant and the largest
translucent material shall be marked by encircling and must be
subsequently measured on a micrometer microscope.

5. The number of voids, contaminants and translucents per cubic inch
of insulation shall be calculated from the tabulation. (The volume
of the 20. wafers, or equivalent turns, may be determined by any
convenient method.) If the 20 wafers constitute less than one
cubic inch and if the void or contaminant count exceeds the
allowable number, then a sufficient number of wafers from the same
sample shall be examined to total one cubic inch of insulation.

E.5.3 The largest void, contaminant and translucent material marked on
the sample shall be measured with a micrometer microscope using a
minimum of 40-power magnification. The largest dimension shall be
measured only. If voids, contaminants or translucents exceed the
limits listed in A.3, the sample shall be considered to have failed to
meet the test requirements. (For resampling procedure refer to J.4.)

E.5.4 The contact area between the insulation and the shield extru-
sions (both the conductor shield and the insulation shield) on the 20
wafers or equivalent turns shall also be examined, using a minimum of
15-power magnification. The sample shall be considered to have failed
to meet the test requirements if the contact surface between these
extrusions and the insulation has protrusions or irregularities which
exceed the limits specified in A.4.3. (For resampling procedure refer
to J.4)

TESTS ON COMPLETED CABLE

F.1 Electrical Requirements on Factory or Shipping Reel Lengths of
Completed Cable.

Each insulated conductor in the completed cable shall be tested in
accor- dance with Part 6 of ICEA Standard S-61-402 for thermoplastic
cables and S-66-524 for the thermosetting cables at the voltages given
in Table Cl. Multiplexed cable shall be tested after multiplexing.

F.2 Partial Discharge Test Requirements
Each reel of completed shielded power cable shall comply with the

maximum partial discharge in picocoulombs specified in Table Fl.
Multiplexed cable shall be tested after multiplexing.
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In case of failure on a factory reel length of cable, the cable may be

cut into shipping lengths and retested.

refer to J.4.)

(For resampling procedure

The maximum partial discharge in picocoulombs shall not exceed the
values given by the equation shown below when the quantity in
parenthesis is not less than zero.

F.l pC =5 + (V¢/vy - 2.0) 22.5

Vc/Vg ratio
pC - All Voltages

Cable Voltage
Rating in kV

5

8
15
25
28
35
46

TABLE F1l

(See A.6 for symbols)

1.0 1.5%% 2.0%% 3 0*%% 4.0

S 5

27.5

50

Test Voltages (Vi) in kv

Corresponding to V./

3.0 4.5 6.0
/2000 \ W04 \9~0
82 5 M A3 IS
14.5 22.0 29.0
16.0 24,0 32.5
20.0 30.5 40.5
26.5 40.0 53.0

9.0
14.0
26.0
43.5
48.5
60.5
80.0

57.5%
65.0%
81.0%
106.0%*

*The ac test voltages in Table Cl for the specified walls shall

not be exceeded.

**Dissipation factor readings shall be made at these voltage
levels when required by other sections of this specification.

PARTIAL DISCHARGE TEST

G.1 Scope

A partial discharge test shall be carried out:

1. On ;iugle—conduCCOr cables which are shielded, and

2. On individually shielded conductors in multiconductor cable and

multi- plexed assemblies,

G.2 Definitions

G.2.1 The Apparent Discharge Characteristic (ADC)

is defined as

the apparent charge~transfer (corona or partial discharge)

magnitude versus applied voltage as the voltage is lowered.
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G.2.2 The partial discharge (or corona) extinction voltage shall be
defined as the voltage at which the apparent charge-transfer falls to a
partial discharge of 5 pC, when measured in the manner described
herein, as the applied voltage is decreased from a value exceedlng the
inception voltage.

G.3. Test Apparatus

The test apparatus and calibration procedure described in ICEA
Publication T-24-380 shall be used for performing the partial discharge
test except that’' the calibration may be made at either end for lengths
of cable of less than 100 feet,

G.4 Test Procedure

G.4.1 An alternating current test voltage having a frequency within
the range 49-61 Hz shall be applied between the conductor and the
metallic component of the insulation shield of the individual
conductors under test. The rate of change of the applied voltage shall
not exceed 2000 volts/second as the voltage is decreased.

The test voltage shall not be maintained for more than three minutes
during any single test.

The applied test voltage shall be raised to the appropriate maximum
voltage level given in Table Fl and then lowered in order to derive the
ADC.

If the apparent charge-transfer exceeds a partial discharge value of 5
pPC at the maximum test voltage, the extinction voltage shall be noted
as the applied voltage is being lowered.

Both the ADC and the partial discharge extinction voltage may be
determined alternatively from the CRT display, a charge—transfer-meter
indication or an X-Y recording. However, it is desirable that the ADC,
in particular, be derived from an X-Y recording. The partial dlscharge
values at each voltage of Table F1 shall be recorded and reported.

G.4.2 The cable shall not be subjected to any ac test (except for an
in-process test not exceeding five seconds) for seven days for 5 to 35
kV and 10 days for 46 kV cables prior to performance of the ADC test.
The ADC test for crosslinked polyethylene shall not be performed
earlier than seven days for 5 to 35 kV and 10 days for 46 kV cables
after the insulating process.,

G.4.3 Cables shall be tested dry with the shield or sheath grounded on
both ends and used as the ground electrode. (If the grounding on both
ends introduces excessive interference, then one end only may be used
as the ground electrode. This end shall be so selected to display the
maximum detector response.) The test potential shall be a nominal 60
Hz alternating current voltage.
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G.4.4 The cable under test shall be so terminated that there will "be
no detectable corona discharge .on the ends of the cable over the range
of corona test voltages required for that cable.

EXTRUDED INSULATION SHIELDING TEST
H.l Stripping Test for Extruded Insulation Shielding

H.1.1 Normal Test. A cable sample approximately 15 inches long shall
be used. The semiconducting material shall be cut longitudinally and
vertically down to the insulation. A second cut shall be performed in
the same way at 1/2 inch separation from the first cut. For attachment
of the measuring device, approximately two inches of the 1/2 inch strip
of each end of the cable shall be removed by pulling it at a 90° angle
away from the cable. The required pulling tension in pounds shall be
measured by increasing the force on the strip until the strip separates
from the insulation at a speed of approximately 1/2 inch per second.
The strip test shall be made at room temperature, one at each end of
the cable in opposite directions and 180° apart. Each test shall be
terminated at the center of the cable sample. The minimum and maximum
pullirig tensions shall be recorded as measured at the specified pulling
speed.” The shielding shall be removable without damaging the
insulation, leaving no conducting material which cannot be readily
removed .,

H.1.2 Test for use when maximum tension of Table D3 is exceeded. A
test shall be performed on a sample as described in H.1l.1l. The
semiconducting material shall be cut longitudinally using a scoring
tool having a depth of blade one mil less than the specified minimum
point thickness of the semiconducting layer of the cable being tested.

_A second parallel cut shall be performed at least 1/4 inch from the

first cut. The strip test shall be made at room temperature, one at
each end of the cable in opposite directions and 180° apart. The
shielding shall be removable for 12 inches of length without tearing in
two or leaving conducting material on the insulation which cannot
readily be removed. Pulling force is not applicable in this test.
Where material requiring heat is requested (see D.3.1), heat treatment
prior to the test is permissible.

CABLE IDENTIFICATION

1.1 The outer surface of each cable shall be durably marked throughout
its length with the manufacturer's identification, type of insulation
(i.e., XLP or XLPE, not manufacturer's trade name), size of conductor,
whether aluminum or copper, rated voltage, year of manufacture, and
insulation thickness. A manufacturers trade name may be added to the
above required information.

Polymeric insulation shielding and semiconducting jackets shall be
conspicuously identified as semiconducting.

The preceding identification shall be repeated along the cable at
regular intervals with unmarked surfaces not exceeding six inches.

If the cable has a lead sheath, the identification shall be provided on
a tape under the lead sheath.
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1.2 Marking on the semiconducting shielding shall be by surface
printing only. Durable marking on an outer jacket may be accomplished
by indenting (but not to a depth greater than 15 percent of its
thickness) or by purchaser approved surface printing.

I.3 For all cables, the manufacturer shall maintain records which will
permit the identification of stock reel lengths and shipping reel
lengths which were insulated adjacent to any particular stock or
shipping reel length. The records shall be maintained for a period of
not less than one year from shipping date, unless a longer period is
requested by the purchaser at the time of inquiry.

I1.4. When center strand identification is requested by a purchaser,
the center strand of each conductor shall be indented with the
manufacturer's name and year of manufacture at regular intervals with
unindented surfaces not exceeding.l12 inches.

CONDITIONS APPLYING TO TESTS

J.1l General

J.1.1 A "lot" is defined as the quantity of cable requiring one
sample.

J.1.2 The lot shall not be shipped (except when agreed to by
purchaser) unless all required tests have been completed and results of
tests show compliance with all requirements of this and all reference
specifications.

J.1.3 For mulﬁiple conductor cable assemblies, the number of tests
shall be based upon the total single insulated conductor lengths,

J.1.4 All factory tests prescribed by the specifications shall be made
at the expense of the manufacturer. All samples shall be furnished by
the manufacturer.

J.1.5 The purchaser may elect to witness tests and to make inspection
of the cable during the process of manufacture, except- for those
processes of a confidential nature.

J.1.6 Where tests are required for engineering information, the
results of these tests shall not be cause for rejection.

J.2 Certified Copies of Tests

J.2.1 If requested by the purchaser at the time of inquiry, the
manufac- turer shall furnish the purchaser with certified copies of the
results of all tests required by this and all reference
specifications.

J.2.2 1f requested by the purchaser at the time of inquiry, the
manufac— turer shall furnish certified copies of actual production test
values.
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J.2.3 1f requested by the purchaser at the time of inquiry, the manu-
facturer shall furnish certified copies of actual test values from
those tests required for engineering information.

J.2.4 1f requested by the purchaser at the time of inquiry, the manu-
facturer shall furnish the purchaser with a certified copy of the
qualification test that represents the cable being purchased.

J.3 Frequency of Sample Tests

The frequency of tests on samples shall be as set forth in this
section, except if otherwise specifically agreed between the purchaser
and the manufacturer at the time of placing the order. 1If the
purchaser requires more frequent tests, he shall so state in his
inquiry and the manufacturer shall state in his proposal the charges
for such additional tests.

J.3.1 The structural stability sample test (E.3) shall be made by the
manufacturer on samples selected by him at the rates shown in Table

Jl.

TABLE Jl
SAMPLING FREQUENCY

Thousands of Feet of Cable

Number of Tests Column X Column Y
0 0-50 0- 50
1 50-150 50- 350
2 150-250 350~ 650
3 250-350 650~ 950
4 350-450 950-1250
etc, etc,

Col. X is for cable with conductors larger than 500 kcmil and for all
cables rated 28 kV or over,

Col. Y is for all other cables.

J.3.2 The stripping (H.1l) and volume resistivity tests on semiconduct-
ing shielding (D.5) shall be made at the rate of one test for each
25,000 feet of cable or major fraction thereof or at least once per
insulation shield extruder run.

J.3.3 For the dimensional stability test (E.4) and the solvent extrac-
tion test (E.2.1 and E.2.2), three samples shall be tested per insula-
tion extruder run. The samples shall be taken from the beginning, near
the middle and the end of each extruder run.

J.3.4 For the void and contaminant determination test (E.5), a two-
foot long sample shall be taken from each end of manufacturer's stock
length. One sample from the outer end of each reel is sufficient if a
number of reels of identical cable are being run, provided that at
least one sample is taken for each 10,000 feet.
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J.3.5 Unless otherwise specified, the frequency of makipg tests and
taking samples shall be in accordance with the applicable ICEA-NEMA
Standards.

In the case of all sample tests, a manufacturer may choose to perform
tests on the entire lot of any single production run of one size,
voltage rating and design -of a completed cable. When this is done and
the number of samples, specimens and tests for the entire lot are made
as prescribed, tests on individual orders taken from the run need not
be made. However, the manufacturer shall provide a certified copy of
the applicable test report to the purchaser.

J.4& Resampling Procedure

The procedure as outlined in Part 6 of ICEA S-66-524, shall'be followed
except for those tests listed under J.4.1. :

J.4.1 Void, Contaminant and Conductor Shield Protrusions (A.4.3)
Dimensional Stability (E.4)
Shield Stripping (H)
Shield Volume Resistivity (D.5)
Solvent Extraction for Conductor and Insulation Shield (E.2.2)
Solvent Extraction for Insulation (E.2.1)
Cable Tests on Completed Cable (F)

In case of failure of the original sample(s), one sample from each end
of cable of every shipping reel in this lot shall be tested. In case
of failure of one or both of the resamples, the cable on the shipping
reel from. which the sample(s) was taken shall be rejected.

TESTS DURING AND AFTER INSTALLATION

K.1 At any time during installation, a dc proof test may be made at a
voltage not exceeding 75 percent of the dc test voltage specified in
Table Cl applied for five consecutive minutes,

K.2 After installation and before the cable is placed in regular
service, a high voltage dc test may be made at 80 percent of the dc
test voltage specified in Table Cl applied for fifteen consecutive
minutes.

K.3 After the cable has been completely installed and placed in
service, a dc proof test may be made at any time during the period of
the guarantee at 65 percent of the dc test voltage specified in Table
Cl applied for five consecutive minutes,
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SHIPMENT AND REELS
L.1 Packing, Sealing and Shipping

L.1.1 The cable shall be placed on the reels so that it will be pro-
tected from damage during shipment. Each end of the cable shall be
firmly and properly secured to the reel. Care shall be taken to
prevent looseness of reeled cable.

L.1.2 There shall be no water and no corrosion in the completed cable
when the reel is shipped. 1If the conductor shows evidence of slight
corrosion and no pitting, then the manufacturer shall verify that the
cable was dried prior to shipping. Each end of each length of cable
shall be durably sealed before shipment to prevent entrance of
moisture.

L.1.3 FEach length of cable listed on the purchaser's order or detail
list shall be shipped on a separate reel, except where the purchaser
specifies multiple or parallel cable assemblies,

L.1.4 The reels shall be lagged or covered with suitable material to
provide physical protection for the cables during transit and during
ordinary storage and handling operations.

L.2 Reels

L.2.1 The minimum diameter of the drum of the shipping reel shall be
not less than prescribed in ICEA Standard A-9-428.

L.2.2 The inner or drum end of the cable, when allowed to project
through the flange of the reel, shall be protected to avoid damage to
the cable or seal.

L.3 Marking on Reels

Each reel shall be marked as follows:

L.3.1 With a durable label securely attached to a flange of the reel
and plainly stating the destination, the purchaser's order number,
shipping length of cable on reel, number, type and size of conductors,
cable configuration, thickness and type of insulation, voltage rating,

and shall show identification in accordance with paragraph I.l.

L.3.1.1 The recorded shipping length of multiple cable assemblies
shall be the measured length after assembly.

L.3.2 With a durable number on a flange of the reel, either branded on
the reel or stamped on metal tags permanently attached to the reel.

L.3.3 Shipping reels shall be free of any information not pertaining
to the order.
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GUARANTEE

M.l The manufacturer shall guarantee that the cable furnished under
these specifications is of first class material and: workmanship
throughout, that it has been tested in accordance with these
specifications, and that the results of the tests comply with the
requirements of these specifications, and, in lieu of other claims
against it, agrees to replace (i.e., supply new cable):

1. any length of cable found defective in material or workmanship
during the installation of the -cable, or

2. any length of cable failing during normal and proper use within one
year of date of placing in service which shows defects of material
or workmanship, provided in each case that immediate written notice
of such failure is given to the manufacturer and he is given all
reasonable opportunity to inspect suach failure.

M.2 Failure to pass any of the electrical tests specified herein by
any specimen removed from cable which has previously failed in service
shall not be considered prima facie evidence of defects in material or
workmanship.

M.3 The date of placing in service is to be interpreted as the date on
which operating voltage was first applied, but in no case shall it be
interpreted to be later than the six months after the shipment of the
cable from the factory.

M.4 Where two or more lengths of single conductor cable are operated
as the equivalent of one multiple conductor cable, any length of cable
damaged as a result of the failure within the guarantee period of one
of the other lengths in the same circuit, for a cause for which the
manufacturer is responsible, or. through the withdrawal and replacement
of such length, shall be replaced by the manufacturer.

M.5 All replacements by the manufacturer under the provisions of this
section shall be made free of charge, f.o.b. the original delivery
point.

M.6 Except as otherwise agreed, defective lengths of cable which have
been replaced under the provisions of this section shall become the
property of the manufacturer,

INFORMATION TO BE SUPPLIED BY PURCHASER

N.1 When requesting proposals from cable manufacturers, the inquiry
should include the following information as a minimum:

1. Number of feet of cable and maximum shipping length.

2. Rated voltage of cable and nominal system phase to phase voltage.
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3. Description of cable, including conductor size and material, type
of insulation, shielding system and special features; such as,
paralleling, multiplexing, etc.

4. Operating frequency, if other than 60 Hz.
N.2 1If the purchaser desires assistance in the design of the shielding
system, he shall furnish the design value of phase to ground fault

current in symmetrical amperes, the duration in cycles and reclosing
practices.

0. PROCEDURE FOR DETERMINING DIAMETERS OF CABLE 5 THROUGH 35 kv*

0.1 Cable conforming to this specification shall have the following
maximum permissible tolerances on the nominal diameters:

Over insulation + 30 mils

Over extruded insulation shielding + 50 mils

0.2 Diameters shall be computed by the following method:

1. To determine the diameter over the insulation, use the formula
shown in Table Ol.

TABLE 01
Conductor Size Diameters Over Insulation (mils)
AWG or kcmil* Minimum Nominal Maximum
8-4/0 C+30+A+2T Add 30 Add 60
250-500 C+40+A+2T Add 30 Add 60
600-1000 C+50+A+2T Add 30 Add 60

Where:
C = conductor diameter from applicable ICEA-NEMA Standards

Second Term = twice the extruded conductor shield thickness

A

value from Table 02

T

minimum average insulation thickness from Table Cl

All dimensions are in mils.

*Diameters for 46 kV rated cables will be added when sufficient experience
has been obtained.
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1f stated by the manufacturer at time of quotation that a conduc-
tive tape and a subsequent extruded shield is to be applied over
the conductor, the minimum diameter over the insulation shall be
calculated .by the formula:

Dmin = C+80+2T

TABLE 02
Conductor Size Voltage Rating¥ A (mils)
All sizes 5-15 kV 0
1 through 4/0 25-28 kv 0
Above 4/0 25-28 kV 10
1/0 through 4/0 35 kv 0
Above 4/0 35 kv 15

2. To determine the nominal diameter over the insulation shield for a
cable, add the appropriate nominal value shown in Table 03 to the
nominal diameter over the insulation as calculated from Table 01.

TABLE 03

Extruded Insulation Shield Adders (mils)

Calculated Minimum ) For Cables with For Cables Without
Diameter Over An Overall Jacket An Overall Jacket
Insulation (Inches) Minimum Nominal Maximum Minimum Nominal Maximum

0-1.000 30 80 130 30 80 130
1.001-1.500 50 100 150 70 120 170
1.501-2.000 70 120 170 110 160 210
2.001- 70 120 170 110 160 210

*Consult manufacturer for larger conductors and higher voltage rated cables.
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Example:

1/0 concentric (Class B) stranded conductor with extruded strand and

insulation shields (a 15 kV cable) having a 220 mil wall having no
overall jacket.

C = 373 mils
2 x 15 30 mils for extruded strand shield from Table 01
A= 0 from Table 02°
2T = 440 mils insulation (2 x 220) from Table 01
843

rounds to 845 mils for minimum diameter over insulation
pPlus 30 mils from Table 01

875 mils for nominal diameter over insulation
plus another 30 mils from Table 01l

905 mils for maximum diameter over insulation
To calculate the diameter over the extruded insulation shield:

875 mils nominal diameter over insulation
30 minimum value from Table 03 )
905 mils minimum diameter over insulation shield

875 mils for nominal diameter over insulation
80 nominal value from Table 03
955 mils nominal diameter over insulation shield

875 mils nominal diameter over insulation
130 maximum value from Table 03
1005 mils maximum diameter over insulation shield

Tables 04, 05 and 06 give calculated values for cables without an duter
jacket. The required diameters for other constructions are to be
calculated using Tables 01, 02, and 03.

After fabrication, the two diameters, one over the insulation and the
other over the insulation shield, shall be measured at both ends of
each shipping length of completed cable using a diameter rule or the
average of two values measured at 90°. If either diameter at either
end of a shipping length is outside of the permissible tolerance range,
the entire shipping length of completed cable shall be rejected.

-30-




Aluminum &
Copper Conductor

Sizes; AWG or kcmil

15-kV Cable(175 Mils)

CALCULATED NDIMENSIONS
FOR CABLES WITHOUT AN OVERALL JACKET
TABLE 04 —~ CONCENTRIC STRANDING-

15-kV Cable(220 Mils)

25-kV Cable(260 Mils)

35-kV Cable(345 MIls)

Diameter-Mils

Diameter—-Mils

Diameter-Mils

Diameter-Mils

& Nominal 0.D.;inches

28% °

2
18*
1

1/08*
1/0
2/0
3/0
4/0

250
350
500
600
700

750
800
900
1000

* Solid

.258
.292
.289
.332

.325
.373
.418
470
.528

.575
.681
.813
.893
.964

.998
.031
.094
.152

30,
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Over Over Over Over Over Over Over Over
Insulation Shielding Insulation Shielding Insulation Shielding Insulation Shielding
670 + 30 750 + 50 760 + 30 840 + 50 - -- -~ -
700 + 30 780 + 50 790 + 30 870 + 50 - - - -
700 + 30 780 + 50 790 + 30 870 + 50 870 + 30 950 + 5Q - -
740 + 30 820 + 50 830 + 30 910 + 50 910 + 30 990 + 50 -- --
735 + 30 815 # 50 825 + 50 905 + 50 905 + 50 985 + 50 1075 + 30 1195 + 50
785 + 30 865 + 50 875+ 30 955 + 50 955 ¥ 30 1035 ¥ 50 1125 * 30 1245 ¥ 50
830 + 30 910 + 50 920 * 30 1000 ¥ 50 1000 * 30 1080 * 50 1170 + 30 1290 * 50
880 + 30 960 + 50 970 + 30 1050 + 50 1050 + 30 1170 + 50 1220 + 30 1340 * 50
940 + 30 1020 + 50 1030 + 30 1110 * 50 1110 + 30 1230 + 50 1280 * 30 1400 ¥ 50
995 + 30 1075 +# 50 1085 + 30 1205 + 50 1175 + 30 1295 + 50 1350 + 30 1470 + 50
1100 + 30 1220 + 50 1190 + 30 1310 + SO 1280 *+ 30 1400 + 50 1455 * 30 1575 * 50
1235 + 30 1355 + 50 1325 + 30 1445 + 50 1415 + 30 1535 + 50 1590 * 30 1750 + 50
1325 + 30 1445 + 50 1415 + 30 1535 + 50 1505 + 30 1625 + 50 1680 + 30 1840 + 50
1395 + 30 1515 + 50 1485 + 30 1605 + 50 1575 + 30 1735 + 50 1750 + 30 1910 * 50
1430 + 30 1550 + 50 1520 + 30 1640 + 50 1610 + 30 1770 + 50 1785 + 30 1945 + 50
1460 + 30 1580 + 50 1550 + 30 1710 + 50 1640 + 30 1800 + 50 1815 + 30 1975 * 50
. 1525 + 30 . 1645 + 50 1615 + 30 1775 + 50 1705 + 30 1865 + 50 1880 + 30 2040 + 50
1580 + 1740 + 50 1670 + 30 1830 + 50 1760 + 30 1920 + 50 1935 + 30 2095 + 50



15-kV Cable(175 Mils)

CALCULATED DIMENSIONS
FOR CABLES WITHOUT AN OVERALL JACKET
TABLE 05 - COMPRESSED STRANDING*

15-kV Cable(220 Mils)

25-kV Cable(260 Mils)

35-kV Cable(345 Mils)

Aluminum & Diameter-Mils

Diameter-Mils

Diameter—-Mils

Diameter-Mils

Copper Conductor Over Over
Sizes; AWG or kcmil Insulation Shielding

Over

Over

Over

Over

Insulation Shielding

Ov

er

Over

Insulation Shielding

& Nominal 0.D.;inches

2 0.283 695 + 30 775 + 50

1 0.322 730 + 30 810 * 50
1/0 0.362 770 + 30 850 + 50
2/0 0.405 815 + 30 895 + 50
3/0 0.456 865 + 30 945 + 50
4/0 0.512 920 + 30 1000 * 50
250 0.558 980 + 30 1060 + 50
350 0.660 1080 + 30 1200 ¥ 50
500 0.789 1210 + 30 1330 * 50
600 0.866 1295 + 30 1415 + 50
700 0.935 1365 + 30 1485 * S0
750 0.968 1400 + 30 1520 + 50
800 1.000 1430 + 30 1550 * 50
900 1.061 1490 + 30 1610 + 50
1000 1.117 1545 + 30 1705 + 50

Insulation Shielding

785
820

860
905
955
1010

1070
1170
1300
1385
1455

1490
1520
1580
1635

41+ +]+]+

T+l +

I+l +]+]1+

[+l +1+]+

30
30

30
30
30
30

30
30
30

30 -

30

30
30
30
30

865
900

940
985

©1035

1090

1190
1290
1420
1505
1575

1610
1640
1740
17985

[+ +

[+]+]+]+]+ |+]+1+]+

| +|+]+|+

L
o O

50
50
50

50
50
50
50
50

50
50
50
50

900

940
985
1035
1090

1160
1260
1390
1475
1545

1580
1610
1670
1725

| +

|+l +}+|+

|+ + |+ +]+

|+ +|+]+

30

30
30
30
30

30
30
30
30
30

30
30
30
30

980

1020
1065
1155
1210

1280
1380
1510
1595
1705

1740
1770
1830
1885

* Compressed-Conductor Diameters = 97% of Concentric-Conductor Diameters as a minimum.

|+

[+l +]+]+

| +{+]|+]+]+

P+i+]+]+

50

50
50
50
50

50
50
50
50
50

50
50
50
50

1110 + 30
1155 + 30
1205 + 30
1260 + 30
1335 + 30
1435 + 30
1565 + 30
1650 + 30
1720 + 30
1755 + 30
1785 + 30
1845 + 30
1900 + 30

1230 + 50
1275 + 50
1325 * 50
1380 + 50
1455 + SO,
1555 + 50
1725 + 50
1810 + 50
1880 * 50
1915 + 50
1945 + 50
2005 + 50
2060 + 50



Aluminum &

FOR CABLES WITHOUT AN OVERALL JACKET
TABLE 06 — COMPACT STRANDING

15-kV Cable(l75 Mils)

15~kV Cable(220 Mils)

25-kV Cable(260 Mils)

35-kV Cable(345 MIls)

Diameter-Mils

Diameter-Mils

Diameter—-Mils

Diameter-Mils

Copper Conductor Over Over Over Over Over Over Over Over
Sizes; AWG or kcmil Insulation Shielding Insulation Shielding Insulation Shielding Insulation Shielding
& Nominal 0.D.;inches
2 0.268 680 + 30 760 + 50 770 + 30 850 + 50 -- - - -~
1 0.299 710 + 30 790 + 50 800 + 30 880 + 50 880 + 30 960 + 50 -- -
1/0 0.336 745 + 30 825 + 50 835 + 30 915 + 50 915 + 30 995 + 50 1085 + 30 1205 + 50
2/0 0.376 785 + 30 865 + 50 875+ 30 955 +.50 955 + 30 1035 ¥ 50 1125 ¥ 30 1245 * 50
3/0 0.423 835 + 30 915 + 50 925 + 30 1005 + 50 1005 + 30 1085 * 50 1175 * 30 1295 * 50
4/0 0.475 885 + 30 965 + 50 975 + 30 1055 + 50 1055 + 30 1175 * 50 1225 ¥ 30 1345 + 50
250 0.520 940 -~ 30 1020 + 50 1030 + 30 1110 + 50 1120 + 30 1240 + 50 1295 + 30 1415 + 50
350 0.616 1035 - 30 1155 + 50 1125 + 30 1245 + 50 1215 * 30 1335 + 50 1390 + 30 1510 *+ 50
500 0.736 1155 - 30 1275 + 50 1245 + 30 1365 + 50 1335 + 30 1455 + 50 1510 + 30 1630 + 50
600 0.813 1245 + 30 1365 + 50 1335 + 30 1455 + 50 1425 + 30 1545 + 50 1600 * 30 1760 + 50
700 0.877 1305 + 30 1425 + 50 1395 + 30 1515 + 50 1485 + 30 1605 + 50 1660 + 30 1820 + 50
750 0.908 1340 + 30 1460 + 50 1430°+ 30 1550 + 50 1520 + 30 1640 - 50 1695 + 30 1855 + 50
800 0.938 1370 + 30 1490 + 50 1460 + 30 1580 + 50 1550 + 30 1710 + 50 1725 * 30 1885 + 50
900 0.999 1430 + 30 1550 + 50 1520 + 30 1640 + 50 1610 + 30 1770 + 50 1785 * 30 1945 *+ 50
1000 1.060 1490 # 30 1610 + 50 1580 + 30 1740 * 50 1670 + 30 1830 ¥ 50 1845 + 30 2005 * 50
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