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ANUCHA RAWANGPAI : AGEING MODEL PARAMETER ESTIMATION
OF CROSS LINKED POLYETHYLENE INSULATING MATERIAL FOR
HIGH VOLTAGE CABLES BY USING ACCELERATED AGEING TEST.
THESIS ADVISOR : ASST. PROF. BOONRUANG MARUNGSRI, D.Eng.,

152 PP.

AGEING MODEL/XLPE CABLE/LIFE TIME

This thesis purposes life time estimation of XLPE insulated high voltage cable
for 22 kV distribution system of Provincial Electricity Authority (PEA). Accelerated
ageing test was conducted on XLPE insulating material in order to determine the
various parameters for life time model. Electrical and thermal stresses were used as
two main stresses to accelerated ageing of XLPE insulating material. Time to failure
of tested specimen at each stresses was used to evaluate life time model parameters.
Inverse power, exponential, Arrhenius, Simoni, Montanari and Crine models were
studied in this thesis. The studied results show that Crine’s model is the most effective
to evaluate life time of XLPE high voltage cable for 22 kV systems. Crine’s model
have two important parameters, AG and AV . Both parameters are depending at
temperature for ageing tests. At temperature 23 °C, AG is 2.1x10” J and AV is 3.38
X 10 m’. Attemperature 6 0 'C, AG is 2.32X107° J and AV is 4.0x107 m’. At
temperature 75 C, AG is 2.33X107"° J and AV is 5.09X10™ m’. At temperature 90
‘C, AG is 2.24X107° 1, AV is 4.55X107% m’. Furthermore, physical damaged and

chemical changed were also analyzed on tested specimens. In addition, chemical changed



of XLPE insulating material from used cable was analyzed in order to compare with
unused cable. The results show that chemical changed and physical damage depended

on applying stresses, i.e. electrical and thermal.
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WORAE | ANUNUMIY | AWM | ANMTAvME
5 AU . .
ae Do TSRON A3 (MPa 370 uan
DIINNE .
(Gpa (ksi)) (ksi)) (MPa (ksi)) N (%)
Polyethylene 0.17-0.28 8.3-31.4 9.0-14.5
0.917-0.932 100-650
(low density) (25-41) (1.2-4.55) (1.3-2.1)
Polyethylene 1.06-1.09 22.1-31.0 26.2-33.1
0.952-0.965 10-1200
(high density) (155-158) (3.2-4.5) (3.8-4.8)
Polyvinyl 24-4.1 40.7-51.7 40.7-44.8
1.30-1.58 40-80
chloride (350-600) (5.9-7.5) (5.9-6.5)
Polytetrafluoro- 0.40-0.55 20.7-34.5
2.14-2.20 _ 200-400
ethylene (58-80) (3.0-5.0)
1.14-1.55 31-41.4 31.0-37.2
Polypropylene 0.90-0.91 100-600
(165-225) (4.5-6.0) (4.5-5.4)
2.28-3.28 35.9-51.7
Polystyrene 1.04-1.05 _ 1.2-2.5
(330-475) (5.2-7.5)
Polymethyl 2.24-3.24 48.3-72.4 53.8-73.1
1.17-1.20 2.0-5.5
methacrylate (325-470) (7.0-10.5) (7.8-10.6)
Phenol- 2.76-4.83 34.5-62.1
1.24-1.32 _ 1.5-2.0
formaldehydc (400-700) (5.0-9.0)
1.58-3.80 75.9-94.5 44.8-82.8
Nylon 6.6 1.13-1.15 15-300
(230-550) (11.0-13.7) (6.5-12)
Polyester 2.8-4.1 48.3-72.4 59.3
1.29-1.40 30-300
(PET) (400-600) (7.0-10.5) (8.6)
2.38 62.8-72.4 62.1
Polycarbonate 1.20 110-150
(345) (9.1-10.5) (9.0
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Crosslinked polyethylene -125 110
Polyethylene (low density) -110 115
Polytetrafluoroethylene -97 327
Polyethylene (high density) -90 137
Polypropylene -18 175
Nylon 6.6 57 265
Polyester (PET) 69 265
Polyvinyl chloride 87 212
Polystyrene 100 240
Polycarbonate 150 265
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(Specific gravity)
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30-50 30-50 20-35 20-30 30-45 15-25
(Dielectric strength : kV/mm)
1 9 a
AMANATUNUITHIRS
1,018 1,018 1,012 1,015 1,015 107-12
(Volume resistivity : ohm)
mnedrveeladiinnsn
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(Dielectric constant)
flszaeumdelih
0.03 0.03 4-12 1-3 1-2 > 10
(Power factor : %)
Y =
ANUATUNIULT IR
5 1.4-1.8 1.2-1.5 1.0-2.5 0.4-0.7 0.4-0.9 1.2-2.0
(Tensile strength : kg/mm”)
gaurigligegavaz 19
90 75 60-75 80 90 75
()
Aud 1
NG NG E NG NG E
(Flame resistivity)
msldsugdananudou
F G G G F G
(Heat deformation)
AMANUAIUIMUVT TN
F F G F E G
(Ozone resistivity)
ANUAINUADFNINDINIA
G G F F F F
(Weather proof)
MANNAILIMUIETY
E E F NG NG G
(Oil resistivity)
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140 - - - -
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75 - - 2,127.6 114.9
50 - - - 2,654.5
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Tpye of vibration F19NAU (cm’) Intensity

Alkanes CH,, CH, & CH 2 or 3 Bands 2850-3000 str

=C-H & =CH, (usually sharp) 3020-3100 med
Alkenes C=C (symmetry reduces intensity) 1630—1680 var

C=C asymmetric stretch 1900-2000 str

C-H (usually sharp) 3300 str
Alkynes

C=C (symmetry reduces intensity) 2100—-2250 var

C-H (may be several bands) 3030 var
Arenes C=C (in ring) (2 bands)

1600 and 1500 med-wk

(3 if conjugated)

O-H (free), usually sharp 3580—3650 var
Alcohols

O-H (H-bonded), usually broad 3200-3550 str

and Phenols

C-0 970-1250 str

N-H (2 bands) 3400-3500 wk
Amines N-H 3300-3400 wk

C-N 1000-1250 med
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%29A2U (cm’)

des and Ketenes -N=C=N-, -N,, C=C=0

Tpye of vibration Intensity
Aldehydes C-H (aldehyde C-H) 26902840 med
and Ketones C=0 (saturated aldehyde) 1720—-1740 str
C=O0 (saturated ketone) 1710-1720 str
aryl ketone 1690 str
O, B -unsaturation 1875 str
cyclopentanone 1745 str
cyclobutanone 1780 str
Carboxylic Acids O-H (very broad) 2500-3300 (acids) str
and Derivatives overlap C-H
C=0 (H-bonded) 1705—1720 (acids) str
O-C (sometimes 2-peaks) 1210-1320 (acids) | med-str
C=0 1785-1815 str
(acyl halides)
C=0 (2-bands) 1750 and 1820 str
(anhydrides)
0-C 1040-110 str
C=0 1735—-1750 str
O-C (2-bands) 1000—1300 str
C=0 (amide I band) 1630—1695 str
(amides)
Nitriles C=N (sharp) 22402280 med
Isocyanates, Isothiocy
anates, Diimides, Azi | -N=C=0, -N=C=S 2100-2270 med

NUINE str : strength
med : medium
wk : weak

var :variance
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Study of Tower Grounding Resistance Effected
Back Flashover to 500 kV Transmission Line in
Thailand by using ATP/EMTP

B, Marungsii, 5. Boonpoke, A, Rawangpai, A. Oonsivilai, and C. Kritayvakomupong

Abstract—Thie wiudy doseribos annlysie of tower grounding
rewistance offbeted the bock fushover voltnge neross insuintor siring
in i trananiasion systom, This papor studios the 300 kY transmision
I from Muag Moh, Lampang to Nong Chok, Dangkok, Thadlind,
which b double cireuit i the dame st wower with two oveiliead
wionnd warei, The fietor of thii andy elides magninde of
lightiing stroke, and Gont Gine of Bghtidng stioke. S wel tower e
multistory tower model. The wesamption of studies bosed on the
return wtroke corrent mnged 1-200 kA, front ime of lighteing stroke
botween | ps b0 3 e The simulations stidy the ofleet of varying
tower  grounding  resistance  that afleot the  lghining  owrent
Simulation results e analyzed lghting over voltage it causes
tevak flamhaver at inanlator airings. This andy helpe o know giies
of probleiie of bk Nushover the b wion Jne ayelei, aid aleo
b o ganidwline solvang the problen for 500 KV tmnemission line
wystoms, we woll,

KNeyworide=Tower  grownding  resistance, bk Nashover,

multistory wwer model, lightaing s troke sarent

I INTHEOUCTION

HAILAND i tropical coontry which having o lot of
thunderstor diys and Lig g dischaige aotyiies in one
yeur, The bagk bone of power system mmmission s overhead
franmsmisaion syutom, So, 0 18 omsentinl W investigate o
lgliiing suige for a ehiable operition of a power sysalein,
beoamume the lighining swge over voltage i one of dominnt
Taotors for the insulation design of the power system and the
proteetion  of  eqUIpmesE i power  aisisaons
wubstations, When highting strikes the top of a transmission
ower, @ lightning ourrent ows down to the bottom of the
towwei' ikl Catiies o tower voltage nee whindli isadilts oo baoks
Nashayer aeroms an insulutor wiring
At present, Lleorio Generation  Authority o Thailand
(HOAT) has expanded (o total about 2,600 olrouliskm of 300
kY, @i shiown in Figo 1[1]. Switohing over voliage in BOAT

wyitem hie been conducted by some researohers [1.5],
Hawever, the lighining aver vollage estimation of overall

I Muwunged i owiih Swmnwree Unbversity of Technology, Wakhon
Waichmsimn, Y0000, Thailund (phone: + 66 4422 43646, Dix: 466 4422 4601 ; o=
il Dishiviesip @it ),

8. Noonpoke, A Wownngpsl und A, Camsivild sre with Surmores
Uilversivy of Techimlogy, Makhon Ranclsime, 30000, Thailaid

O Kritmybomupng i with Electricily Gomerntimg Authonty of Thailand
(AT

PV ASICT VOLUME 33 AUGUST 20608 1958 3070:3 140

syatem whieh miay oeeur amd reach the hghtning witlstan
vollags lis ol yel beei oondiicted. BOAT fequies analyzing
the vollage level of hglining over voltige of existng 500 kY
L inmion Liees

M M-nh|

This Tika

| Wing Max |
T T

Sl Now

|
Noiig Cliok]
| Pluiak Dhaniig

Thosin

Fig, | Uxiating BOAT 500 kY Transmisslon Sysiem

BOAT have besin repoited the statatio of Bghtning ooois i
nartharn rogion during Marah-Augost 2008[(6], The report
wonouded that the Lightning often coours during April o May
Buit the moat severe Hghtning takes place 0 June. The positive
Dightoing s about 8% with magnibde between 11 kA and 171
kA, Dut the negative lightning is about 95% wilh msgnituds
between -10 kA lo - 132 KA, The mest Lightning magnitude
batwoon =10 kA and =50 kA

Wheii lghtmig stroke stikes the wop of a wwer, a taveling
volinge w genermted whioh iravels back and forth along the
tower, being reflegted at e tower grounding and at e tower
o, thius raising the voliage at the oross-arms and stressing the
insulator sirings. Flashover will ooows soross an insulator
siring il this lightming transient volinge exoeeds its lightning
withstuwrl valtage lovel, Such Mashover eallod buok Nashover
Bagk Nashover voltages are genorated by multiple refactions
along the struck tower and alsa along the shield wire for shigld
s ot the acdjncent fowers, The lightning  indused aver
valinge agross wn insulstor siring for the strugk tower i nil o

& 2008 WASET ORED
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strightforward. The peak of lighining mduosd voltage will b
direstly praportiona) to the peak of lghining stroke ourrent

This paper s organized ws (ollows, Models of sysiom
wtuchiod are provided in Seotion 1, Than, the simulation resulia
with variow factor we diseusned o soction T Fually,
eorlusion s prosented in Seetion [V,

I PARAMETERS AND MOBEL OF BOAT S00 KY
TRANSMISSION LINI

A Btevctuves of 300V Trarismission Lines
Towar struzturs sonfiguration type DOVS) is usad in this

whuely. Tewer dimensionn are llutrated in Fig. 20 The full
dlotuily of 500 kY tramsmission line tower aro o follows;
Canducior: A Bundlo por phase {798 MOM 54/7 ACSR)

Spuging botwoon = 45,7 om

Dinmotor = 2773 em

T2 posantinnee = G070 olim A

Ruling spn = 420 m

Ultiminbe sirength = 12,800 ky

Waeight = 152 kg/m Wind spai = 500 m
Shield wire, 38" BEHE, Class A, alvanized stos]

Muiiriber of wies = 2 fr lower

Slibeldingg aiggle = <57 o oiner plinses

Ulltdimiite streigth = 6985 kg

Thiineter = 91444 i

Walight = 0,406 kg/m
Twudator: Type Suspension, bill ond sooket

AMSI Class A28 and AMST Clasn 4211

Pased on max. sonduator tension of 22% rted

Tensile strengih with wind pressure of X6 kg/ma
Chrounding sywiem: grovnd ronistance 10 ohms or loss

A Btul angle o vebar - wsed in all orses

A, Crrommil rocks : usad i ol] cnsoa, one growd rod at
anch towar lop
Lightning outage rate; Lows than 0.08 per 100 km par year
Right-of-way width, 70 meters for sach ling

kil 3 m
ki o7 m
WY 3
kWl 43 m
di 1306 m
d2 2l m
vy 224 m
di INE W

P, 3 Tawei Cod figimtion
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i, Lightning Source Made!

It w well knewn that the magnitude of impulse current due
to a lighting dischwge o o probability  fuochion. Low
dincharge levels of lighining surrent batween 5 1o 22 kA may
renilt o lgher teideney Tov e lghining steike o pass by
iy shgld wires il diveatly hul o phise conduictor, While, the
lirger mognitichs of lightnng anpulse currens may o 1o
alrike the wwer top of overlemd ground wire and lead W a
back Mashover across the wsolator siroggl? ] From tme aid
il tme of lghwg wavelorm and lghimng  ourren
amphides i dils stdy are given in TABLE 1. Lighining
ourrent from lghtilhg sroke ls modeled as an mpulse ourrent
sonroe panallel with e impedance of & lghining paih s
slwwin i Fig, 3 The resmtiniée value b taken 1o be 400 (3,
whineh win derived by Bowley [E]

TARLE |
Lichiring Attt ani Waviioihis

Lightning Current Am |:i||mn Wavelorm fe /! fr
A kA 17302 ux
- S kA 1.2/80 ja
<100 kA N
VTR ik
TI0RA ;

. Fower and Transmixvion Line Model

The double eirouit with wo  overhesd  groand  wire
trismission tower 18 oonwiderad i this study s shown i g
1 The wwer i modeled or g tansemission ling for suige
propagation. The surge  impedanoe of the tower wnd ihe
prapagation veloaity down the tower are estimated and applied
n g multistory towar mosdel [2 — 1], Hagh parts of tower are
roprongntod by distributed parameter medal, with losslous high
Trequaney appreximotion. The main surge propagation path
mesleled with froquency depandent transmission lines aven if
the length m only o few meters, The tower mudel w shown in
Fig, 4. Multistory tower moddel parameters are slown in
TABLE 11, Simulation of span between lower uses equeney
dependent (phone) model. The span of towers 7 spans w
wimulited, an shown o Figo 3, amd the parmetoms of
i isaton D ied i dus snidy & ahowi m Fig. 2

12, Tenver Eivounding Hesivianoe Model

The tower grounding renimtanee o last bansient surges
nol well understoosd, The impulse growsding rosmtanes or high
frequeney grounding ronmtanes s loas than the memured al
low fequency or coloulated renistange beomwe wignifiont
proumd  owrents  eouse  vollage  grachents  suflieent 1o
breakdown the aml arouied e groum] rod. A varable
protndiig redmtanoe approXination oan be applied which w
e ourrent dependent ai n (11[7]
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Fig. 3 Span of 7 Towers i Tlas Study

Zygh = 300 s

e

Fig. 4 Multistory Tower Model

TABLEIQ
MULTISTORY MODEL PARAMETERS

IHIIL‘-IHIZODH. 2'”-150!.1

r=lHv s y = 0.8944
nm=2=gy syl =) (Ym
pe=2=Zo=lny/l) m

Rimne/ym]929 O
Rimny=ljmidd4iQ)
Lymfy=rm@39 pH
Ly=s R =r=1629 yH

Rmn=hml0d2 0
Rymp=ly=ml9l? Q

LymBy=r=3ll pH
LymBy=r=939 pH

R =5-100 0
x R
f |}
e )
g

where .ﬁ, 1 tower grovnding resistance (elun),
Re 14 tower grounding resistance at low eurrent and
low frequency (olum),
T is surge current into ground (kA),
f, 1 hinubng current uuhating sanl wanzation (KA)

PWASET VOLUME 32 AUGUST 2008 ISSN 2070-3740

1
1‘ -E

]

Epiyy
Rl
where g5 15 soil resisnvity (olam-meter),
Ep 15 sonl 1omzation grachent (about 300 kV/m).

E. Back Flashover Model

It 15 well-known that back flashover scowring when tower
potential & hagher than lighming inpulse withstand volage or
BIL level of the insulator srings. Lighming unpulse withstand
voltage level of the msulator stnng 15 not a wuque number,
The msulator strmg may withstand a lugh magmitude impulse
voltage wluch has a short duration even 1t has faled to
withstand a lower magmirude impulse voltage with longer
duration. This characterisne of the wsulator sring is known as
the volt-tme charactenstic or V-t cwve A smphfied
expression of withstand voltage capabahity for an msulator
string can be caleulated as m (3) [7].

Vo =Ky + T,rf 2

where Fy is a flashover volage (kV),
K is 400°L,
X 710°L,
L v msulater length, (m).
£s elapsed tune after hghtnmg stroke, ps,

In this smudy L= 4429 m, lighming impulse withstand
voliage of the insulators msulator smring can be represented by
volt-tume curve as shown m big. 5 If the veltage across the
msulater  strmg  exceeds b unpulse  veltage  wiathstand
capability, the back flashover accurs.

3

Woltage MV

: 4 ]
Tume, s
Fig. 3 Vot Curve of the Insulator Sming
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11 SIMULATION RESULTS

In this section, the 500 kY wansmimion line as shown in
Fig. 3 has been modeled uwang ATREMTP. The wwer
grounding resistance 18 one of fhoions effected the back
Mnshover voltage soross the insulator siring in tmnsmision
wyalom ad mention earlior. In s paper, only lower grounding
resistance will b considered with various (sotons thin aiTeoted

baok Mashover, The fietors of this study inelude front ime of

lighming sroke, and magrnnide of hghtning siroke

A, Froni Time of Lightning Siroke Current

A lightning Nash generally consists of several strokes which
wra lower ohnrges, nogalive or positive, from the clowd to the
grownd, The firsl stroke 13 moest oflon more sovere than the
subsequent strokes [7]. As shown in Fig. %, impulse voltuge
withstand capability of the insulwior string deponds on front
time of lghining stokes, In order 0 clucidate the ellecr of
fromi time of lightning stroke current, lighming siroke ourrent
34 kA having difforent wave front and wave il e, 1e
1730.2 is, 1,2/50 s, 2777 5yia and 3775 jis fn sed 1o simulate
lightning induoed volisgo werows the insulator strings af upper.
middle and lower phasea| 12], Simulation results ace illustrted
i Fig. 6. In spite of the same magnitude of Hghtning stroke
gurrent wmd same  tower grounding resistance,  obviously
differences i the magniude of impulie voltige acroas the
insmlitor sirings can be seen when companng wich phase
having differont wave shape,

A Magnifude of Lightning Sirake

[ue to negative hightning stroke current in Thailand having
mngnitudo botween -0 kA to - 130 kA wnd the most lighining
stroke current having magnitude betweon -0 kA and -50 kA,
throe dli fTerent magmitudes of lightning stroke current, 1, . - 50
kA, <100 kA and <139 kA nre wsed fo simuliie the effect of
lightming stroke cwrrent. Fig. - Fig. 9 illustrated the maximum
amplitude of Hghtning induced volisge noross phase insulaior
pinings. Obviously, the efTeot of front time on tower induced
voltage cian be seeh on U slimiliton resulis. From (3) il
tine @l maximum vilue of wwer induced voltage, bick
Niasliovers wcrodd plide insulator sirngs due 1o lghiming siioke
TARLE ¥1, Mo back
Mashover oceurs in onae of lightning stroke current -50 kA
nlthough tower grounding resisinnt vary from 5 - 100 £ In
cwe of « 100 kA, almost back Nashovers coour on the fop phase
insulator string cspecially fist Font tme of lighining siroke,
However, mofe bick Nashovers also occur on the other phise
wnanlitor St i cide of dow Tront nie of Dghtaing siroke,
In case off -139 kA, back fashover ocours on all phise
ansulilor Strng

curfent nre summanzed m TABLE 11
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TABLE 1T
BACK FLARHOYIE ACRORE PHAK INSULATOR BTRINGR 1N CARE 0F WAVEFORM |/30 3
Al kA kA A kA
Uppar Middla Lowor Upyaar Midilla Lowar Uppar Middlo Lowar
MV} MY} IMY) (MY} iMV) iMV) (MY} MV ;1\';\")

Towar gronnding
romiatanin {ohm)

] % B E [ % % [§] [

1] ¥ X X 3] ¥ ¥ i (%] (8]
20 X X X 8] X X [a] (8] 8]
ki) X X X 8] X X i i i
Al X b1 b1 [#] * X [¥] [¥] [¥]
A0 X X X 8] X X [8] 8] 8]
L) X X X 8] X X i ] Q
i X X X (&} X X LE] i1 i
Hi ¥ ¥ b1 [#] X ¥ Q [§] 0
un X X X 8] X X i L&) i
(11103 ¥ X X 3] b1 i i i i

o fashover X0 o ashover
TABLE 1Y
TUACE ARV I ACH O PIRARD PRRULATO0 ST MR I CARE o0 Waviron | 380

Tower erotinding 30 KA MY NEITY

il ilills 1, i Lify P il

0 X X X X X Q Q X
20 X X X 5] X X [8] 8] X
ki) X X X 8] X X 8] i 8]
Atk ¥ 4 X 3] ¥ ¥ i i [§]
A0 X X X 8] X X Q (8] (8]
&l X X X 8] X X (=] (8] (8]
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TABLEVY
Tlacy h.mmfnﬁg'mt ?_\I‘-IHMI TuiULATaR ‘,m‘ﬂ\ 1 CA4R oF Wavesssd 177 4.
) " SOKA 100 kA 1P EA
T:‘::'mﬂ:'m:{ Middle  Lower  Uppsr  Middle  Lower  Upper  Middle  Lower
ok _ow on o ow on (K ov ow
3 X X X X X X o o X
10 ] X X X X X o o X
20 X X X X X X o o X
i0 X X X X X X o o X
40 X X X X X X o o X
30 X X X X X X o o X
60 X X X X X X o o X
70 X X X o X X o o o
80 X X X o X o o o o
20 X X X O s] o [=] s} =}
100 X X X o L%} o %] o o
O flashover X! no Mashover
TABLE VI
BACK FLAYHOVER ACRO%S PHASE [NSULATOR STRINGS I CASE OF WAVIFORM 37545
30 kA 100 kA BEITY
Tower grousidi
rmivisage (b Upss  Middle  Lows  Uper Ml  Lowe  Upe  Mdde Lo
MYy MY) (MY) (MV) MV MV G0 MY) (MV)
3 X X X X X X [&] X X
10 X X X X X X o X X
20 X X X X X X [&] X X
L X X X X X X o Q X
40 X X X X X X o Q =}
30 X X X &} X X [&] o o
&0 X X X o Q o o Q =}
70 X X X &} &} o [&] o o
80 b h s Q Q Q @ Q Q
20 X X X &} L&} &} [&] o o
100 X X X O 5] 5] =] 5] =]
O flashover X! no Mashover
' i [31 € Jmpindidthan, " Electiomaguetic Field Analysis on Suige Response
IV. ConcLusioN of 300 ¥V EHV Single Cucwit Tramamisson Tower o Lightung
This paper has described an analysis of Tower grounding Protection Systeni wing Neural Nenwoiks”, Proc, of Int. Conf o

resistance effected the back flashover voltage across phase i:':.?&u?‘“'“““"““ and Systern, KINTEX, Chyeeugp-Do, Korea, 2.3
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across phase wsulator sring. No back flashover oceurs i case
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af the most hghtnng stroke current having umpuluﬂr between Resistance Effected Back Finshover Acioss Tnsulator in 8 Tramsimissiotn
-10 KA and -50 kA, When the magmitude of ghtning stroke Systemn”, Pree. of Int. Conf on Power Systenss Transients (IPST'07) ,
current is up 1o =100kA, the back flashover always occurs with Lyon, France, June 4.7, 2007

any tower footing resistances. The simmlation results have [8] Report of flahover voltage w Nohem Region Opmation Ditiuien

; . ; ; 1988. 2008, EGAT. Thailand, {in Thai)
shown that the higher rower grounding resistance has potential (7] A B Hileman, hsularion Coondination for Power Systems, Murcel

to damage the ransnusaon hine by Lack Aashover across the Delidiar, New Yark, USA, 1089,

phase msulator strings, However, it still has other factors and  [8] L V. Bewley. Doveling Wavar on Trangmipsion Sygrems  Dover
counterpoint measures to consider reducing the back flashover Publications, New Yark, N.Y, USA1951, .

for ransiission line. [8] M Db T Kawsowin, T, Kouno, E Oheala, K Shickaws, K, Mot

aud T. Higueli, “Multistery Transouission Tower Madel for Lightiung
Suige Analveis”, JEEE Trang, on Power Delivery, Vol 6, Mo, 3, July
REFERENCES 1991 pp, 1327 - 1333

§ " . 10] T. Yamada, A Mechusula, ] Sawada, E. Zaima, T Eawamues, A
[1] K Mpawsawosy snd W Tayati, "An Analysis ©f Swirching [ . h M
Overveliages in the EGAT 300 BV Transmissicn Systen”, Lage Ametans, M Dl and 5 Kate, "Expenimental evaluation of a UHV

Elll.lllllﬂ'lll»l Systens Conference on P Bnpnmmg. X M-l.\" 3003, tewer miodel for hghtmng swge avalyus”, JEEE Trans, on Power

pp. 140 - 181 Daljvary, Vel |u Xa L. Jll1llll¥lgpﬂ.lal. 101 -402
) € Y Yu N Petchusks and C. P “The % [HJ? Mmgw" lnnor;hhhm;lnﬂu“m; .‘-"hhmwt"l‘:wm
. nvichy 1 en a Ba aver Flse”, Proc. of It Cenf eu
Calevlation of Eneigization Overvoliages, Case of BGAT 300 k\ h:“m‘ ;y\rﬂm “.E'mm'" (W‘WN). ;lllm o IH‘I“D.‘r vy

Luies”, IEEE Power Enpmnnq Seciety Winter Meetng , Vel 4, 23-

37 fam, 2000, pp, 2708 27 Montreal, Canada, June 19-23, 2005,

PWASET VOLUME 32 AUGUST 2008 ISSN 2070-3740 83 © 1008 WASET.ORG




145

PROCEEDINGS OF WORLD ACADEMY OF SCIENCE, ENGINEERING AND TECHNOLOGY VOLUME 32 AUGUST 2008 ISSN 1070-3740

[13] B B Anderson and A ] Enkson, "Lightuing Parameters for
Engueering Apphieatons”, ELECTRA 62, Maeh 1980, pp. 65 = 102

Boonruang  Marungesri was bom w Nakhon
Eatlinsinin  Provinee. Thalasd, in 1973 He
receved lus B Tng and M Eng  from
Chulalongkom Univeraty, Thailand in 1908 and
1999 and D Eng. frean Chulti Univeraty, Kasugn,
Adchu, Japan w2008, all n elecimcal enginesnng,
-'..,‘ respeetively. Dn Mg v cunently o lechirer i

School  of Electrical Enpinesving,  Swanaree
Univeraty of Technology, Thailand, His areas of interest are slecincal power
system aid lugh veliage msulation teelmologies

Suphachai Boonpoke was bom w Sunn Province,

Thailand. tn 1984, He ieceived his B. Eng i Elecmeal

Enginesring from Suranares Univesuty of Techuology,

Hakhon Ratchasima, Thailand, w 2003, Recently, he n a

‘ ’ piodunte studeat i Sehoal of Elecuical Enginesning.
U of Technology, Hu

iiteieating aien is Ligh voltage imsulation recliology.

Anucha Rawangpal was bom i Batchabwes Provincs,
Thailaid, 0 1985, He jeceived lus B. Eng. i Electieal
Eng mg from § 1N ty of tmalogy,
Nakhion Rarchasina, Thailand, i 2003, Recemly, le is a
praduate student o School of Elecincal Engnesning,
. Swinnaies  Univeisity of Techiology His  ieseaich

witeresting aren 1s high voltage msulaticn technclogy.

Anant Oonsdvlal was bom m Khon Kaen Province,
Thailand, i 1963, He seceived his B Eng fion Khon
Kaen University, and M. Eng from King Monglut
Tnstiture of Technology Nonth Bangkok, Thailand and
FuD. fom Dalhousie Univeruty, Conada, all m
electneal Engeenng, o 1988, 1902 and 2000,
iwspectively. Dy Oonsivilai is cwiveinly an Assistat
Frefewer i Scheel of Elecingal Engmemnng, Swanaee
Unfversity ol’ Techiology, Thailand, His areas of iiterest aie electiical powes
wystemn, stabulity, control teclnclogy, advance alteruative, and sustmnable
HIEEY.

Chanin  Kritayakornupong was bom w Bangkelk,
Thailand. in 1974, He received his B.Eng and M Eng
both el fenmi Chulalong
University, Bangkok, Thaland, m 1996 aud 1998,
respechively, In 1999, he jowed Elecincity Genmating
Authanty of Thailand (EGAT). He is now an Enpn-m
Level 6 of b i lie ma

secticn, e teclusclogy and m'mlmu
AEpAITINEII, TIRDATIASLION SYStei imaintenance division

PWASET VOLUME 31 AUGUST 2008 ISSN 2070-3740 85 © 1008 WASET.ORG




146

Artificial Accelerated Ageing Test of 22 kV
XLPE Cable for Distribution System
Applications in Thailand

A, Rawangpai, B, Maraungani®, and N, Chomnawang

Abstrari=— Thik puper presenie the experinenial resule on
wrtificinl ngeing tent of 22 kY XLIE enble for distribuilon sysiem
apphieation in Thaland, XLPE insuladng materal of 32 kY eable
wiis 8loed 196070y in thick and was subjeoted ro a0 high voltage
ab 23 ) 60 C and 78 0, Teating voliage wik constanily applied o
the spocimen wnil brookdown. Bronkdown volioge and ilne o
Dreakdivwn were used o evaluale Wle dowe of insilating oatledal,
Fuiitherinone, he pliysioal todel by 1, P, Criie for predios 1fe i
af XLIE insulating vowierinl wos ncopied oe e time model and wa
cilenlited {n order 10 compare the eapermeital fesilia, Aceeplalble
life i results were obtined from Crine's model eomparing wil
the experimenl reralt. In wlition, fourler transform infrared
mpecirceopy (UL for chemienl onoalysis mned seanning electron
intermeope (REM) for pliyiical analyide were condicied on fesled
BT

Keywond; Ariiiieial 1 ageing wst, XLPIL cable,
cintribuiicon sysiom, inslating material, life time, e e model,

[ INTRODUCTION

anmlnyn. underground  high volinge 11V} cablos are
widoly used for tramsmission and distribution notwarks,

Cross=linked polyothylons (XLPE) v widsly usod for
underground HY coblos as an lnsulsting watorlal, XLPE has
poesd  oloctrleal  proportles and  can oporatlon In high
tomparature, Although XLIE having good disloctrle proportios
for high voltage applications, ageing of XLPE materlal can not
avolduble after long tme o service under varlous stress,
XLPE bnsulnted cable maxlels for high volage applications
have been studied and investigated In order 1o evaluate a
function of service sbvosses and agelog e, In onder 1o
improve dielectrie performance of XLPE materdal, many
veRpareher are fudied lmproved XLPE propeities [1] , swch as
increased therimal and mechanical propemies [2], derected
damnge by water weelng in e cables [3], and sudied
mltifaoter aging proposed mathematloal models based on
experimental conditions of XLEE [4), Several life models are
purposed in order o evaluate s funotion of service strosses and

* Corrpponiding mih: 1 Mmnpad 8 wiih Swmaree Univomily of
Twhinakogy, MNakhon Rachaabng 20000, THAILAND (phing: +06 422
A 0] Tk b0 32 v | il Dol v G it 1)

A Bmemgpad mul M, Chommowag ore wiil Sumnmes Univesliy of
Tanhivlogy, Miklion Rl 30000, THAILAND

aging tie, such s the exponential model by Fallow [4], the
Invorse power low [4], the probebillstle wodal by Montanarl
[4],[5], and the physleal medel by Crine [4], [6].

In Thailand, voltage lovels for distribution notworks of
Pravinelal Rloctrielty Authorlty (PEA) of Thalland are 22 kY
undd 33 kY. Both overliead line and underground XLPE cablos
wre ustally used in PEA distibution networks. However, o
function of service stresses and aging time of underground
XLPE cable have been no studied. By this reason, accelorled
ageing tesl have been conducted on 22 LY underground XLPE
cable in order 1o elugidate a function of seivice stresses and
aging e, In this paper, we were proposed the sooslerited
aging only electrical stress ot foom temperatuse. Furthermmors,
lilg time model puipoeied by Crine §8 adopled a8 the
imatlinatical inodel 1o aialyee the experineital fedtlts,

II. INSULATION AGEING

Clonorally kv servicos, an lnsulation system subjocted o ong
of e sliees thl causes lveversible changes of insulating
malerial propedties with time, thus reducing progressively the
atthude of insulation v enduring tho stross bsalf, This progoss
is called aging and ends when the insulation s no more able 1o
withatand the applied streas. The relevant e is the Hime-lo-
fallure or thve-torbroakdown, altormatively called Insalutlon
Tife i [7 ) Tnsulation lite dine modeling consists of looking
for adoquate rolatlanships bot 1 bnsulatlon Hie the and the
magniiude of ihe stross applied o it In the oo of elegtrical
Inaulation, the alredses inosl coinmonly applied in service a'e
alegtrie fold dup to voltage and tormperature due to loss, bat
wlao other stresses, suoh av meohanlosl sirosses (handing,
vibration) and environmental stresses (such as pollution,
burnilelity § can ba prosant,

I, AGHING MODELS

Although there are many models and theories proposed for
aging of Insulation but fow wo relinble, malnly becouse they
wre unible o desoribe all the Interaotions batween the various
paraimieters. The fmain goal of aging models is o establish a
rolatlonship for the aging process and the strosses causing It
wnel prove theme The models are done through an aooelerited
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process, The nwst popular me experiments on insulation ol
voltagen nweh higher than nomal operating conditions of
gablos, at constant Troquongy, This papor adopted Crine's
iroudel Tor dedgribe and prove the experimeital reaills froin
weeelorated aging test of XLPE insulating materlal,

A Crine's Modsl

LB Crine en. al, lave been purposed mathematical mode]
apply for predicis fo time of XLPE lwulating material [8]
Theoretical explonations are illustrated I [2) This model
proponed o simple physical model, is based on two parameters,
the setlvatlon energy AG and sctlvatlon volume AV (no
idljustable consiant), assumed eleotiodl aging 18 a thermally
aetlvated process with an ectivation enecgy ACeAHCTAS,
whore AH and AS are the sctivatlon enthalpy and entropy,
roespectively, It described the aging process of eleciical
Insulation (XLI'E)} by reduces the holght of the energy harciar
goniralling the provess, When the thoe io go over barrler belng
the inverse of the vate. Time £ will reach 10 oged state 18 given

h)’
Ay (1 egAVEE
fl.u{ ﬂ_] f-mf{z e ] il}

This equation s wall dosorlbed sging rosulis of XLPE by
the linear relaton at high felds. Considering predios dines
zova fold In squation (1), ¢ will ba squal to Infinlty slnea cxch
{0y =, Thus, there will be sorme sort of tall st low flald, whore
1 will alowly tend toward @, At high field, equation (1) cai
rochucos i

]

I
T

h + i) - ;l;.-_.u'#\l’.’"a [F4]
aar | kr
whara

w= BES % 10" m

@t pelative perinllivity of XLPE = 2.5

b = Planek's constant = 6636068 w 107 kg /a

& = Boltammin's constam = LIS06503 8 102 ' kg K

Foa Applied Voltage (k)

T & Teimparature (K

S = Fragquanay (Hz)

Aa illustrated in equatlon (2}, the actlvation energy, AG, and
the agtivatlon volume, AV, are unknown vardable, Howoever,
AG anid A1 can direcdy obtain from the experimental results
In o lingar relatlonship holwoon ¥ and log £, In ordar to find
sugh linear relatlonship, logarithm funetlon s applied © the
bath alde of equation {25, as lustrated b equation {3).

AT - 14 kgl AVIF®
aof S0

logit j= log 2.;:”. ‘ + log

By arvangenent squatlon {3}, equation (4) Is obtained.

lopi t 1w fa L + log| ax {A—”]
B & T R o4 T
{4
.o LA o
+ lag i".l?{ L1 “2':;"" ..".-"-”

Finally, equation (5} s ablalied.

h All e AY
log| = : =LA fl"‘] I
""{ zm‘]' [ H'J‘ g [ W !

Empirical form of equation (5) is ¥ = sicsh, where o is
wlopa and & b Intercept, Conslderlng the experimental data,
AG ean obtaln Trom slope st the Tigh filed reglive and &1 can
obtali fom e intercept. Both patameten depend on dize of
tha spagimen,

fergi £ )

IV, ACCELERATED AGEING

Tha aeoeloratod aging 18 dograding strossos of Insulatlon
malorial, such o electrical stress, thormal stross, meclonical
wivous, aned environmontal sivoss, The sceoloratod aging progess
wswally siudles mulil-stvosses (4] (double or triple siresses),
The multi-stresses widely used electrieal - thermal siress ol
olectrical = nwchankoal stross,

There are several methods 10 accelerie the aging process
[4], [10-11]. But the mest popular are expecinental perfoimed
on Inswlation matorlial at voltagos and tomporatures highar than
noinml operating conditions, dweie ae two nethods of apply
vollage stess. The Gt method, e vollage b leld constant
untll semple aged and breakdown, In the seoond mathod, the
volinge miress 1n inerensed in steps untll sample aged and
bronkdiown, Fer hoth, whon broakdown oceurred oro notod
exparimental dute lifetimes for ealoulation lfe models, In our
experiinental, the Mt method (eoistant vollage siresd) was
oconductod,

Y. EXPERIMENTAL

Tho spocimons for oxporimental nade from unagoed 32 kY
XLPE distributlon power cablos having alumlnum conductors
17 mim i dllanmpter and XLPE nsulatlon 3 mm thick, as shown
In Fig, 1, This type of power cable W used In underground
distribution systom of Provincial Electrielly Authority (PEA)
of Thallond, A numbe XLPE of l-om wide ribbons at
thickness 60-TOpm were ol by o mlerotone from the
lowulation around o cobles, All speclens were measured
preclaely before testlig so e hickiess effect s neglected.
The accelerated aging test chamber coisists of a pair of solid
stadnless cylinders, the lower grounded one is 3 nm in
diaiveter and the upper-high voltage elecivode is 100 i in
dinimeter, which was confiected 1o a 50 Hz teating trais fodmer,
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Furthenmore, heater and tempemsture sensor are included for
heat peneration and temperature control, Afterwards placing
the specimen betwesn the electrodes, the electrodes were
immeersed in tranzformer oil in order (o mveid surface flashover
in air. Detail of the test chamber i ilhstrated in Figo 2 The
experimental diagram 2 shown m Fip. 3 and experirnental
layout i3 shown in Fig, 4

Fig 1 23\ cables sechica schemaiic

0., 100 KV, SKVA,
50 Hz, Testing
Transformer 410 mm

S b
Tempsratose Heater
Sensor
Vad
+

Tramformer al

Testing Chiambser

Ground Electrode ¢ 30 mm

Fig 2 Accelerated Ageng Test Chamber

Tor prriatire Chotel Wrat

Fig 3 Expenimentsl Disarem

i o
—
¥y 1
Tesng Chamber

Fig 4 Baperimental Layout

Az ilhestrated in Fig. 3, timer unit was nsed to measure time
1o brestedown of the specinen. At mament of the electrical and
thermal stresses applying to the specimen, timer unil starts
recard the life time or breakdown time. Once the breakdown
oconrs, the relay rips autarmatscally md the tewer stops. Then,
the breakdown time is recorded for anahysis.  For each
breakdown volage level, five Specamens were tested. Omce
the tests were complete for a daia set, the daia points were
averaged to oblain ane data pomi.

The Experimental were conducted at temperstures 23°C, &
'Comnd 75°C. In addifion, the specimens were tested under

different electrical stress level varying from 736V imm te
1300 imm, as shown in Table L

TABLE[ BIECTRICAL STRESS LEVELS FOR THHE EXPERIMENTAL

B Brpenmental Resils (@es)

(It 231C @ 75T
k-] b3 b3 =]
# =] =] =]
100 o o o
110 =] =] X
120 a a ®
130 o * x

© Tested [owel X Un - tested Jevel

W1, EXPERIMENTAL RESULTS AND DISCUSSION

The experimental were carefully conducted in order to
obtain the precizely resnlts. Experimental resulie, time to
failure or tame to breakdown of the specimen, are illustrated n
Table I1.

TABIE [ TIME TOFAUILITRE OF X1FE INSULATING MATERIAL
e e e s e

i Expenmenal Results @5ec)
(tmm) 230 e 750
] i i 13735
%0 25200 HTET FT
100 3120 772 12
110 ats R 2
120 85 69 .
130 [ - g




For AY and AGH ealeulation, the resulls ol temperatures 23

O, 60°C and 75°C Torm accelorated aging lost in Table 1T are

plotted i semislogarithm graph, Then a Hnear relationship
botween 1 and log + dw obtalned by welng lincar fitting
toalnbiua, as shown In Fig, 8, Fig 6 andd g, 7. rosposiivaly,
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Fig. 7 A Lings Relilonshilp Nawess 1 il lag 1 70

Froim i atfaight line of relationship betweeil T and log 1, AV

ancd ACH wre determilned  aceording 1o equation {3} and are
illustrated in Table 101

TABLH I PARAMITHES OF CRINIE MODEL

laparimaminl Memilis (ne)

; i
Piapimppatan ne i ne

avlim'l A 2o 10! d dsn0s ™ i 52!
A1) L0 101 Danige® gt

Finally, Crine's models from the experimental resulls are
abtalned necording to equatlon (23, By the obtalning Crlne's
moakol, Nife e of XLPE Insulating  materlal oun b
caleulated. The coleulaion results are shown in Table IV.
Acceptahlo rosulis aro ohlained,

TADLI Y LIPH TIMI RESULTE FROM CRINGS MODIHL

1 Tt s Mol Heauln
Wi ne @ 730
o
7% . . W7
a0 18, ek AT 150
106 EE ] 1200 07
e L 683 .
16 H 1 .
140 L - -

Iii ovder 1o confir the precisely of Crine’s model, 1ife tines
fronn the expecdmental and fiom Celne's mesdel are plotled
togethar In seml-logarithm graph, as slown In Fig, 8, Fg, 2
aiid Fijg. 10, vedpactivaly.
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wguare oo bV

L] w L w'
e
Fg 10 Conspariscn Life Tinee from Expenmmenal and Crine’s Model at 757C

In onder o observe physical domage, tested specimen
surface  obwervation by wsing (the scanping  electron
microscope, SEM, wis  performed.  Example of SEM
observation results are shown in Fig. 11 and Fig. 12, Carbon
from carbonization was observed o the damaged point.

Clemical annlysis was performed by the Fourier transform
infrared spectroscopy (FTIR) for un-aged and aged specimens.
Furthermiore, SEM observation results agree with chenical
analysis results, For XLPE insulating material. C=C peaks at
1610 em™ appenred for aged specimen [12]. As illustroted in
Fig. 13 for unaged specimen and Fig. 14 for nged specinen at
23°C , C=C peaks at 1610 cmi’ is only olwerved on FTIR
result of aged specimen comparing with unaged specimen.
Appearing of C=C peaks o 1610 cm” confirmed
carbonization process due lo ageing process,

Fig. 12 Swrfsce Danmnged due i Electne sress 1460 fnum { 30hours) ot 230

- Il"'iil"‘I
: Withowt C=C peak l
- |
' |
Fig. 13 Chetmical Amalysis by FTIR Tor Usaged Specanen
=1 With C=C peak

Hg. 14 Chemncal Analysis by FIR o Aged Spociien

Afller well conducting the experimental and  carefully
anilysis the experimental resulis, very acceptable results in life
time from Crine’s mosdel were obtained when comparing with
the experimental data. However, necuracy of the experimental
resilts depends on the precisely thickness of specimen, volinge
stress stabilization and sccuracy of temperature control wnit.

VII. CONCLUSION

Accelerated aging test of XLPE insulating moterial from
22KV high voliage cable was conducted. Three lemiperature
levels. 23°C. 60'C and 75'C. and elextrical stress between 75 -
140 kVimm are testing conditions. Electrical stress and time
w0 brenkdown were used 10 evaluste life time of insulating
material. Crine's model parameters, AV and AG values, were
obtained from a linear relationship between #° and log ¢ Life
timwe can be reasonable well predicted by Crine’s nwsdel for
given electrical stress and temperature. Acceptable Lt time
results can be obtpined when using Crine's model for
calculation.  Furthermore, il time result From Crine’s nuodel
agree with the experimental data Physical observation by
using SEM and chemical analysis by using FTIR supported
the experimental resulis, a5 well
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