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Abstract:

Polymeric materials have been used as insulation materials in medium and
high voltage cables and in the manufacture of end boxes and junction boxes
for a long time. These materials began to take the place of traditional
ceramic insulators due to their good electrical and physical properties such
as hydrophobicity, lightness, flexibility, non-fracture and ease of
transportation and installation. One of the most important materials, which is
used in the manufacture of electrical cables are: polyvinyl chloride (PVC),
polyethylene (PE), and clamp polyethylene (XLPE). Where polyvinyl
chloride (PVC) is used to insulate low voltage cables, while we use
polyethylene to insulate medium and high voltage cables due to the good
electrical and non-electrical properties of these materials.

In practical life, organic materials are exposed to all environmental
conditions such as heat, pollution, moisture and pressure. These conditions
affect the properties of organic materials and decline in these properties.
Therefore, a number of PVC samples were taken and subjected to thermal
aging for different times from one sample to another. Then a study was
conducted on the electrical and mechanical properties of the thermally
treated samples and compared with the virgin sample (the witness).

The electrical and mechanical properties are discussed with the increase in
the aging period of the oven and the reasons, which caused these changes in
the mentioned properties, are explained.
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Nylon 66 7 10| 7 3 2
PC 6 10| 1 716
Polyester (chemical 6 10| 4 7 6
resistant) 5 10| 10 | 10| 8
PE 10 | 10 | 10 | 10 | 10
Poly-fluorocarbon 4 10| 7 9 | 4
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methacrylate 2 10| 10 | 10| 4
PP 8 10| 6 6 | 4
PS 4 |10 9 |10 6
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1

(PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

alaally L) Jye 8 2ol Jid o) axdsay
s Jilse 5 ohandl Gys g 5 dalasl) LY,
il 4t aladt ol JSs deatiall LY delia iy

A8 Juid gl (e sl JalS e (5) JSid)
ByaS ALy calelasn ) K8l salall o2l o LS
s salall o3a oYy Jlad) 3sall Jlae 8 Liageass
-(10*-10% Q/cm) 45y (e Adle £iLyeS Jie daglia
P padaad LS 3 00)esll LK) 8 dlle saleS axdid
Jye b salall oia aa2nes LS ¢ ol Jlse deliva
o e e sl sl s e ol s
Agal) (anad L8l yeSl Jiall daslin meaasy (1) dsandly
Myall anad 4805eS0 A5kl (5) Jall g ALl

LAl

ALjlad) 2lsal Ganal LiliygS Lagliall (1)J s2ad)

saLal ((Q-Ccm e slial
PE 10'6~10%
PP 10'6~10%
PS 10v7~101
Tetrafluoroethylene 10%5~10%°
PVC 10%4~1016
Methacrylate 10%4~10%
PU 10%3~10%
Nylon 1013~10%




2l (PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

M) e A3 laally Adle 4Kl Ailiay aialy .
Aalell plyall clayy 8 Laageads «raY) Al
sy cha Sl o glie 4l LS daxally 2l Janiig
o Dlsall any 508l b Joll 538 (3)Jsandls
e pdal laxazall lodl Jeas

Tzl LAY lglaad §jabg Abjlall algall G 4sla (3) Jgaadl

Fatigue strength at 107 time
Balall application of external stress
[MPa]kg/mm2
PVC 1.7 (17)
PS 1.02 (10.0)
PE 1.12 (11.0)
PP 1.12 (11.0)
ABS 1.2 (11.8)

1A pdal) clelay) -6

IEC dsallally dgall 2505gSH Lawslidll iliaalsall caras
oaleal) Gl chlaal elyal dadyg saaas 34k
2l Jaley Jyall CuliS Shaaall AiliygSll ye s 4l yeSl)
Boluail) davyng due il A0BLNG Cupedll Lig Aacd) by
Bl 68 o e Al (Al u g 28 dagliag
agylall IS 8 Ay Sl ALl A28y daaa
Jalaaal)

Mgl algd s adss Jon dplaill Lahall e WU
i cghall alall Gllead A (Ayadsdl) Ligaanll
(I lajrians o3 Lals cilie e clhlad¥) ol
POV Bk DX P ¥ ORI WENJ I QY] RENYR RN
=R W SV A W FYVE [ DA OV
s (3ed daalag 450yesllg

shidall Glimll 1-6

ralinll Glialga

zobE aaall S cils e Blae & PVC 82k (1
Alall 52l sda caal oy (2mm-5mm) o Lasked

PVC (flexible) 4 (10 89 4

PVC (rigid) 6 [10| 7 | 9 | 2

ABS
Epoxy resin

Julis Wa (055 60°C (oo 3l B)ha dapp e o
Blasall CLSHall lae) Basa 0lyell ailia .
el Gl Ladle e b ddatadl) &)y Sially
(S

& 4230 80°C 5l 60°C (s padiey of (Sa .
Llee Q) Aoy Jan . AKalKul) anilia (Kl dida 2lga
PVC 1 83leSll alsdll o obes il Ll 5l
Ao WDl gl e ailiidiag PVC iy .
daal Sl e Ll Bl dags g sl ouli (5 &)l
sy sllan I (6f 34T AL moa )l
il an Wglealse

”ﬂ\ SA)L.:L A9 Lew Aﬂlﬁj uJLc- agdl) Jale °
U YU aleas 13ag (AdL) ol
i Y G Aaghlly Jlai iU daglae salull o

e Agla Ll L 5w elall alaial (of 5alal) s2a

gal) JLaid Ba e Slaaay Lains Lgild )
5 2slS o (Joll Jli SV1 ALE ey (7) JSall
dS JLasY Al Hhall dayng Akl dsal) (anad

V'-’:_ ;g:gg 3 l { Vinyhdene chlonde
Low flammabikity 0T Auoroplastic Hard to ignite
+ P
1 t Cellulose acetate 4
1 PVC
Nylon + 4 Nyfon
400C T PU
PVC 1
PE 4
PU 4 + PE
Methacrylic | 300C
Fo— Pine wood
Pine wood 4 3
+ Paper 4 Cotton +
T Paper
High flammability  Wool 4 < Easy to ignite
-

Ajlad) gal) Qand Jlaidy) AL (7) Jsa



2l (PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

) Bylall caeadiwl ddylad) salall u@\J\ Jigd (bl
9) Jalk

4+

Al salall Jahy Sl s (uld Bl (9) JSal
JEPVC clie o JLel) i ol cihlas) cual
Goliie L) Jsan alaiuls (ghall aslall dolee deas
dall do S glae e p5all Gaudai 2 5 (100 kV)
O il Al sl e degiage EMM Lajki
Gigaa Fag sheall e fgll @iy & Cuill eslas el
lad EB Bpe S (a3 5 Al 5 dabiiie dopun BAY)
Ofirad U Gy BB (el 038 e sl (35
Aadl) e o5 005l e ladl) (e il Galand

Us Jbed) il duluall agl

Liad 3l el pladtod o5 8leSl) At el
lgiSlanss 10 om Layhd duils palfl JSE o lgasiuayy
bl Byaa xa 2UE] Gllag 2mm

0+220V

Gl Coma Al Gada bl Baa 3 Al g
Sraally Lisall (golall mhasdd) Ao (golall (59,80 (gyusal
AU il i Gumsy diad) ) e ) (g <)
= gl ady iy laaay Al dug SI (g)laall (e
oty EQ 250 5SH 2l et Wadie L) igaa
salall ASLaws e ade Uleas (o3 Ug Jlagd) g
Ea=Udd (kVicm)  :.sld a5l

ssad) dagliay qupedl) LS (b

A salal) b ygsal) Aagling qupastl) 5L uldl
(10) ISl Dl 52 Crariiad

Lad g aaly Hleas (e LI daiiadll Glinl) 43K
gl (Aae dara e Lgdle Jmanll a3 Allg 5aals
Lgie Cnin 385 PVC Al jaall ALyl DL o il
c LSl AL Al Ll S (S ellyg i) aren
e (05 (€ Anivadd) clal) sladf sl o
2 N o2 ag Gl illy LAV iy el
Ll I3 (8) Il aw -(d=2mmi$=100mm)
. Byaaal)

Bale (pa Bpiiall dial) J<i (8) JSAIPVC
L aadl elay)
fBy (e sana () datiadll Cliall aads o
Ao gana 038 iy e lall il a1 I desandl
plall e o1 1l (Reference) doasjell il
TSN
Gha aalil Cicayad Al Gliell a5 14000 de ganl)
L @ O L degandl sda Glie puns @lly,
ol eha) o5 laaey L Ales duia) 32dy (70°C) B
Bl als Al 5y paall ) el ily il sia e
tet Wy Adlesl)
AglogS Bldly eV ps -
[tan[ 1] 288l Jale (uldg [Cx] 4ilye<l) daud) -
Tor] 3l s (s
Lo Tt B [1] o) s -
;oL &)yla 2-6
Ud (KV) luesl Jlgi¥) sigs (b



2l (PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

[e] Joad) b (ubidy [tan(] 5 Cx dawad) (ulid —
JSall ol (Schering bridge)elid s aladivl o
ol [tan 1] aadl) Jaley Cx daudl (3o JS (il (11)

Jer] o) e

0+220V

Cx Ailigl daaddl (bl il joun (1) J2i
e peal) 13a Gl Cus
C_ﬂ_‘njlfu :Rg P V) :Cn a_t:uj‘ daw :Cy

.Byarlia AAbe RIEEOA|
z\—A}LB.A :R4 .Tg):\i;'m a8 :C4
Al

Cx ginws Jseaall yaall Lisall (o (ebidll jeen (35S0
elogl) e A2y Ayl A ESa (5ag (Rilgiaslaag
G (@l Ao Auall aw ddagipe «(Ch=18.5 pF)
dsaad (Jall 5ol caylay A5 aal) ddlail) b olladin
Lagladl e (gyiad yuall (1A e all W L Lasy!
Ca 5ysiial) Al e g il e Adagsall Ry il
alic adiy dasall (B) ddaiill o4 opte ydll by
oSas Eans e JLal) i3 Akt jla st gl

ohd (Y gl (e Ly aSailly Lgnle Jaall
3 G (ulie saall Jiaad (e 2SIl aa33
Ciliall aag g Tas 508 a0 dagliay dille drulen
oy ol Bysaia L) Soma Gaa Cx 8)-fadl)
DUT A5y 4y by Sgaa cdagia 420 25 )y
008 sliie HLoa) is5 Gobass Ailal) cupall L
e Ciyai G pabiall dge of aad arie ((1KV)
il e s el () Bale Yy Hiall duaag

il

[IH

IYZZIV‘

Ajlad) Balall J313 ) U5 ubil] (10) JSE
Clisel) pdag oty Glisad) (8 Hlall cupetl) L Gl
st lle g ccul) s HLasY) a8 508l
Gupdll JLs lehal ot . (2.5KV) o8y i Jle
ceals (A BHLEY) eda i J& g B o) (e
Gl Leisans Leiallaal iy 5L adl) pe Jasye
Aad A Jisl) w1y 2aag cupadl) LAl daaal) Al
b LD el (g o) sl e 25 kV
BLEY) ) 3LE e ayedl) LAl 13a (S8 aalitig
Oy dallaall coalall LAl Hld) i win LS
o LS el sy ccluaally
~ NxK
~ RxA
K=0.02 V :puhll @i K cclanpall 2ae :N tus
aelll Jaall daglaa :R <A=20 Cm2 cplaiall dalia A
radl aaulall ADle 8 Gassaill .R=10KQ (sl

_ N ><30.02 _ N (nA)
10 x10° x 2000
ol LS dacsill BB e
R:U(kv) :!xlO12
I (nA) |

A A A 20xIx10™"
R=p—=—>=x= —

d xd Rd 0.2U

X = %xlo12 Qcm™



0 h [ PVC (5.8 A) cupudll s (14) Jsi

100 h : Al duall 20

| |

I I

I I
(100h/PVC (6p1 A)) caapel) s (15) Jeal

Lagliag A& led) oyl L (el =5 (6) Jsan) Cn

Lha dasliiad) il guall

Gupel) S uld @il (6) Jgaad)
X Rx10° | I [pA] | is—
(M) Caubadl)

Al

1

(PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

Laay (A G bl asm a Cg dadlls Rs dasladl)
Aadly 2 8leS) A agliall meh Ja s arie ¢ il
dules Cx 8yiaall diall daws a5 Alsgaall andl) Crsnsg
Al Bl DlawYl @iy Sl culs 5 sl

g =C 18.85

tan 6 =0.1xC,

C, =5888/R,
: landl slay) =7
Brea) s Al hlas¥) Gaa slya) am
o Ll daaaally dslladll clial) o Lund 3855l
I3y 2oLy A8 Loria a8 D il i
PVC 2)slS i sl salal d8lyeSl) Galsad) (]
A i) LY Jeasil
Al gl) LaRY) il 1-7
Gy g8 28l Jalesy (C) dndl (ra JS Ll 25 2
(8) Isaall b LS i€y clisall g, A

S Jaleg ) 3al) cully Al (uld il (4) Jgand

Cs s
Tgn o [I(l:)lé] [F*]‘ [F;za] iﬁﬂ\ “al
0.064 | 3.77 | 334 064 1758 1kV | 0Oh
0.056 | 3.73 | 33.04 | 056 | 1782 | 1kv | '2°
0.055 | 370 | 32.82 | 055 | 1794 | 1kv | '
0.054 | 368 | 326 | 054 | 181 | 1kV | 20
0.052 | 366 | 3247 052 | 1813 | 1kV | 20

ity gual) dagliag cupadll LS (e JS el a3 LS
(15)5 (14) DA Grug (4)srall 2 LS il
bs deslial Clall (mes e ol s JSa
Oh: sl duall 11k -



L
Glisal) & oyl 5L A0 Aol Ll .
A a2l 8% aa PVC gl Juid ol (e 8l
palil) 558 M5 e adf i 28 (lial) o3a Lgl (e
55 salall 8 AS,all AL all jedll s (b (g)yall
e dadagiall Hpall Ly ) ) aadaas 5 0S5 Ao
Al G252 Les Al AL 5ya i< LgiUaily il
sl LS 3L

PN EN

sl g cilie e gyla 2ol dadill oda oyl
ey i LA @l ((PVC) amylS Jid s
Claraal Cod G132 ey o6aY e e ddbi
ehal) Lial) e aiygigeilisall o2gd Aralud) ALeSI
i el Jeagil) 2o Al bl aal . (aalall)

oyl P e ol gl 8oLl Ao Cayanl) .
Baaall lgalsd (e 22e )

.

s <0 Gl il gyia

.

G PVC 8ol d8lyefll Galgdll (any joas 4
@bl aslal)

e bl A @yl el Lol Clud) cad s,
gyl 4L eSl ailiadl)

By by e Al e Jsen ol st ey g0
.(501100020595) s

1

10

(PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

2.325 0.43 5.8 2.5 kv Oh
2.403 0.416 6 25kv | 100 h
2.481 0.403 6.2 25kv | 180 h
2.724 0.367 6.8 25kv | 280 h
2.801 0.357 7 25kv | 320 h

) A8l

fsl Lo aadl pilad) Jsaall ) Basally

o) e 8yaal) Slinell Cy dacad) A8l doilly o
L i aalil 5% ae Ly daslina) auy5l< Lk
038 Lgl aya®s Sl sl 558 3l aa Cy Andl il
Led Jyall it oY Cx Al (Bl 5y Ll
S () (5255 pall) 5y Baly Y iy alliy
Lelaily wlinall Lo daagidll yal) Lalg ) aadasss
Glimll 3 Jiad) @l o atang ASdl ALl 5a ja3S
Cx dradl (Bl I 535 Laa

O Byiidall ciliall g Jhall eyl A8e Ll .
i Galaail adly caalall 558 pe apslS Jaid Sl
e ) g5 Iy Y sl 5,78 el LalS J3all
LB 5 5e)S LBy acagiall Hall L )l sl
o Joadl (e (s AS)all

o) e Byl clipall ) Jele 3Dl ey .
sl gl ayati (A aalail) 8,58 25 ae 2)IS Jid
ALl Slolee (Y tagd il Jale 2y 2@ (il ial)
Hall il egudiy Gliniall G alg ) S (8 aclis
clil) ) cllee (e 25



1
2l (PVC) aslS i Jsall 4L50Sl pailiadll o (ghall arlall i

References:

[1] _www.pvc-information.com

2]-www.pvc.Org

3]-INVESTIGATION AND ANALYSIS OF THERMAL AGING OF XLPE AND PVC

[4] -CABLE INSULATION MATERIALS MANUFACTURED, BY Ali Muhammad Ali Abu-Gurain.
[5] -Journal of the University of Chemical Technology and Metallurgy, 2010.

cdl e Gavigall HgSall ool dllusy gl Al el aanls dpued sl Ssall et ~[6]
a3 Amals Cysidia ¢pull Jlimt dene (avigall sSall /3/ el sl daria (S —[7]

—

11


http://www.pvc.org/
http://www.pvc.org/

