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Evaluation of Jacket Compounds for Underground
Distribution Power Cables
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Abstract

In order to replace the jacket material for URD power cables, the 6 kinds of polyethylene
compounds were manufactured and evaluated. The characteristics of the compounds were investigated
by water vapor transmission (WVT) test, thermal and mechanical test. In WVT test, all the poly-
ethylene compounds showed the superior water resistance to conventional PVC. The molecular s-
tructure and density of polyethylene play an important role in WVT. Also, the polyethylene compounds
showed the suitable characteristics in thermal and mechanical test. Especially, the linear polyethylene
compounds showed the superior characteristics to LDPE ones. Due to the fillers in compounds, the
abrasion resistance was decreased and the cut-through resistance was increased. From this study, it can
be considered that the polyethylene compounds may be suitable to jacket material for URD power cables.
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Table 1. Physical properties of base resins.

ga7 43 Ay we R HOPE vpPE | HDPE
824 (190C, 2.16 kg) { ASTM DI1238 | g/10min 0.3 0.33 1.1 2.3 0.23 0.21
Ux (23C) ASTM D1505 g/ 0923 | 092 | 0921 | 0921 | 0935 | 0942
R B A ASTM D638 MPa 189 184 20.0 20.7 345 348
e ARE ASTM D638 % 503 684 836 872 860 865
DSC &&% T 114 112 125 126 128 131
HIEA & ASTM D790 MPa 2548 | 2662 | 4723 | 4508 787 882
A& 3%, Fyo Temp. ASTM D746 T <70 | <-50 | <-76 | <-70 | <-118 | <-118
Shore D A &= ASTM D2240 48 49 49 48 56 60

Hogd FEARE AdAsr= sy w2
A AYAlES 9 JIdsEAA A
A A Aol g dALY FE7 Fukg
ojo} e,

£ dFoME 71& PVC A ARE gAEr)
At 6% ZFelol”d (polyethylene) A2
HE X HARALEE ARdo B4 HYrsigo)
E497te BAE = ArEAMe HEAHL
7vat7] % Zlojn, o9 Be dTE Edld F
Hel AA AME7h AYAYE 2AF wH A B
Fo] AA F4E Aoz rig@rt

2. 4

21 ™R MY % HARE Ax

71&8 PVC A4 AEE dAE 4 d= AW
FTEE AEEy] At dAA FuedlA AwEn
A F 6F9 EZYEAL ANAFA  (base
resin) AA&AYL. A AuaN Edddas
AAE olfE AzlolEME J1Fo] Reldu:, B
gy FAo] S dalA Uv] wEo|tHol
2 dFdME B 19 28 B84 BE4¢ A
LDPE 2%, LLDPE 2%, MDPE % HDPE Z# 1
FE AMgEdY. FEdA ¢ £ e RAAY
LDPE$} LLDPEx= A9 A% R g 717 AF
oo},

® 2. A7 HAgxe 24,
Table 2. Compositions of jacket compounds.

& A& & & (pphr)
7] A 42} 100
A s}k =) A 0.5
7E = A 0.2
FHEEd 26

¥ A8 HAeEe 2L ® 29 gow,
NAFA 2] 2HNE AHAH Y A2Ee 7 A
TAE EFAE £ dE HYY 2% (oF 125~
135T)¢ two-roll millel A £ & 283 L84
2 F o7 slEEd @ e HrAE &M
met £ste Az AzAdE roll 1AL
z24EE Feo Yoz FAAMN F BAE £
A=EE 3l

22 MEuw

2 A7 PVC A g dAsAE B
2 9Bz FRAFE Az, ¥4 &
HEAN HAY + dE 7AH &4 P sy
Atk WA oG BAHE Hrsy) HAso o
B Ze ANEE AFA ¢ Hoesd i =
F Yo, 71& PVC A A BAL
H] 3 3} % o}



(a) AA 2y
4mm & J
2.8mmy
19mm
- >
76mm
(b) B E

a8 1. FFIF% AEE HAL

Fig. 1. Dish for water vapor transmission test.
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Ak, agelM & = e AANY NPHEA 4F
9] A7IE 6x76 mmE Ao APAHE &
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Table 3. Requirements of jacket muaterials after

heating.

ATEA |
Q¥ 93 (100£17T, 120413
ARFE & (%) 85 o] 4
A& (%) 60 o] 4
¥ (130£3T, 1 kef)
Hd WY (%) EXE

dch WwtRA Hrtel K= ASTM D 33899 A
o Agsgen, EYF7] FAdM e vjRE A
H3lE Method BE AH&3ATHIZL & AEeA
4 AN8F 2de A¥e dA%%2H, 3 mm
FAL Ae€ o 110 mm 73] YYo= Hd
sta] AMg-3 AT WvtRA & wRSE 5008 F 3
N ¥ FFEHE FA8A oA 7L 4
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R PEan e
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T
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|
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g BAEAGAHY ANYAME &Y FHe &
BEZA gold UCC (Union Carbide Corp.)olA
ALgdhe Whdel wet AEE AABATHEl. ¥
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NEE BEY 4 Hels Ad forceE o FHH,
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Fig. 2. WVT of MDPE and HDPE resins.



E: 3 4. AAE NAFAY 5718 &.
Table 4. WVT rate of base resins for jacket

material.
(&9): g/h - m?)

A& 12 21}
LDPEIL 0.0068 0.0062
LDPE2 0.0068 0.0064
LLDPE1 0.0053 0.0054
LLDPE2 0.0067 0.0063
MDPE 0.0033 0.0038
HDPE 0.0028 0.0030

E: 3 5. A& AR EY FF7] RIS
Table 5. WVT rate of compounds for jacket

material.
(¢40: g/h * m?)
Al 1% 2%}
LDPEIlc 0.0076 -
LDPE2c 0.0061 -
LLDPElc 0.0063 0.0058
LLDPE2c 0.0068 0.0051
MDPEc 0.0030 0.0052
HDPEc 0.0033 0.0034
PVCe 0.0718 0.0742
- not tested

¢& HEHoz Ued Aol aydM B4z
= AAY AGADY F7te) et £57] Bde
k7t F7lete Aol vEhen, 159 offd=
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& Jelddd. ®EeAH & = dE RAY AS
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> LDPE €28 #F7|Fid g Ao &
F§ Hoz dggrl orida EFuze AHe
71& PVC ARL=rt Eodd FHAgcswo
F Al oY BE £37 FA4EE e Ao
. ol PVC EAFEudl EAste 347] (polar
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Table 6. Mechanical remaining value of base resins after air oven aging.

45 &4 Ligs! ] LDPE 5 ILLDPE 5 MDPE | HDPE

e AFAAE Mpa 189 184 20.0 20.7 345 34.8
A AAE % 593 684 836 872 860 865
22w3h 100£17C, 120 hrs
AR34=E & % 52 46 102 100 95.6 96.2
AAE g % 69 70 90 9% 86 89
2 Ex3 100:1TC, 168 hrs (FnAE)
AFRE 2& % 74 43.1 108 104 95.5 95.4
Mg g % 20 194 94 90 96.1 96.5
B 7.4%¢E9 tdx3 F 71AE Fe
Table 7. Mechanical remaining value of compounds after air oven aging.

7t =3 54 @4 LDPE LLDPE MDPEc| HDPEc | PVCc

lc 2c Ic 2c

AL B3 E Mpa 19.9 19.3 23.1 26.3 40.1 29.5 15.6
A 3 % 577 661 856 912 852 717 292
28538 100£17T, 120 hrs
AFAE D& % 83 88 85 87 97 98 93
A%E FA§ % 104 92 97 100 97 84 77
L2=3 100£1TC, 168 hrs (FIA{)
AFAE BE % 82 87 82 78 95 100 91
A& g % 106 91 96 98 94 87 75

group)el o8] YElvE Aoz dddnh8]

32 9y 54

# 62 100Ce LA 7IA$A Agg 42z
120713, 168412t 7t =8t A17 F Z71AH 2&E
FAE Aot 7oA 16843 7t wBte F
aHog HAAF Algelrt HAAM & F e A
Yy ¥A+=27F 43 LLDPE, MDPE ¥
HDPEE "i§- $58 7|43 3&& Yehye
of, AFAZ] g gEHYL wi§ HA wd
A AEEXNE zZtE LDPEY AfdE 7ldx3
Fol 71AH Zgol wis HFY Aoz dEuie
o, AP F7hEA =E 53 AR g A
AaE ATt ol ¥ &84S ZE LDPEZ €
sl o8 nEA Abeo]l AYAAAAS Hu
deol AstEo} vebd Aoz wadtH14)

B AREEE Ad=FAZ F 2 A
A} Fgo] E 79 e e, 120837 AlgAA
LDPEIc%HE A8lgtaiys RE AnEEr7 875
A& nEIFGE T 168M7) NHEAME &
Wale e @ o)g ol MAEAY 2
#elE 2 A 7|4 Zeol ¥3EA ved A
€ Ao Bol gl AEEAAz 43 4
of g AgHE F97 HEQ] Aoz gd@.

¥ 130T, lkgfel dtFoz AAF 719¥dA
AEA#H7 ® 89 il vk HoA & £ e
AAY BE Ag7 8FEAHE UEKIE A=
veElten, JAFR ) HAFE Alo]g Hpolx
Aol Rolz] @it oy ZFAMEA APl AR
o] &EAd ZA gEFE HAFE Aolh,
LDPEE ® A 89 AfdE L83 YolM 4
d& HAEA Zalgdh
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Table 8. Heat deformation of base resins and
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Table 10. Cut-through resistance of base resins

compounds. and compounds.
A8 7ty (%) Alg qd N

LDPE1 - LDPE1 416
LDPE2 - LDPE2 39.6
~ LLDPE1 13.5 LLDPE1 454

AR 2 .
ASA 1 1 DpE2 127 AT LLDPE2 402
MDPE 10.1 MDPE 61.2
S 90 HDPE 611
LDPE2° ) LDPElc 46.9
¢ LDPE2c 490

LLDPElc 134
o LLDPEle 50.1
A g = LLDPEZc 12.9 ox

PVCe 8.2 HDPEc 95.3
~: not tested PVCe 436

B9 VIAFASG HAEEe] Yniny,

Table 9. Abrasion resistance of base resins and

compounds,
AR Yol 24 (mg/500 rev)
13 23
LDPE1 19.3 186
LDPE2 14.1 14.0
LLDPE1 7.7 10.7
71 A 2]
LLDPE2 125 115
MDPE 104 10.2
HDPE 11.3 14.2
LDPElc 35.5 42.0
LDFE2c 41.7 44,0
LLDPEIlc 29.5 224
A84&= | LLDPE2c 273 188
MDPEc 27.0 179
HDPECc 26.1 24.8
PVCc 101.0 1154
33 714¥ 54

E 9= ZAFAgG HAE=d dis) rnteRA
ANEE AN AFelrt FoM BAXE ANY
4% mEAY LLDPE, MDPE % HDPE: $-<

¥ UmEAgE Bglevd, LDPEY Z$de ta
2 FTHEAd] UBEg =¥ AREEst JxS
AEY B FELEE Jehx e, ol 3
AA Hotel Wt Alg gdo] AWM v
ol F7tste] LAY Ao @At 7|& PVC
Aobgree) wadAe Eelddad Huess)
2~3u FE AFAe] ¥ RoE YERT

U AolE Edold HFAE ExE 9
3 Had B4 AEAYLS ANYY At B
100 vheh giot Wiwlt2g AgATe vhasix g
g R $4E BAE Yo, Avgs
7t B g8 AYAE veUdY ol ze A
TGe FHA, 53 sHEEd9] At o8 AgA
ol Z7tatActn wadG15]l A BEAFA
ME 7]& PVCEY +5¢ BEA& JYehugdr

4. 3 &

& dTelME A4 AF WAaAel g A A
82 PVCE WAy 98t 6%9 Zadda
NNAFAR HER HALEE AR 1 B
e Gristgd o, ot&d 22 22¢ AUt

L #3753 Afelid RE Zdodgd Hag
Ex PVCEDG 5 4wl oo 53 NyA



J. of KIEEME(in Korean), Vol. 15, No. 8, August 2002,

& JvEhiglien, BA7E 9 9E7 $£37]
4 B4 & 9%& FA

2. 7td=3 ¥ VA Z&L 49 nEAV
+5E Ao g veten, Fupzea ity
WA A A Fad 9¥E A

3. 71EE%Y AlddM RE Feeldd AEE
8754 E UM LeH, JALAG HRAE
E Atolg) EAAtel7t A9 yEuA] efobA
ANEe] &g FRF 24YE Iuth

4. Wot2d 9 FFAFAY APAAM H¥ E
Zelddo] By 28 E4& Yehded,
A= A% FAA Aot g8 uney
€ Fistn #AFAYYL Tt Bl v
23° 42

5 EE A¥dAM FHdEd HAEEE V&
PVCE HAE + e B4E& ZE A=
et &3 AF wAdAclES A A2
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