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Abstract: With the increases of voltage level and main insulation thickness of high-voltage cable, the thermodynamic
operating conditions of cross-linked polyethylene (XLPE) main insulation have become more complex. High-temperature
thermal elongation performance is the key to evaluating the thermodynamic properties of XLPE. However, the mechanism
research on the differences in thermal elongation performance of different XLPE samples remains insufficient. This paper
aimed to comprehensively elucidate the underlying mechanism of thermal elongation performance differences of XLPE high
voltage cables under different atmospheres. The thermal elongation performance of three kinds of domestic and international
XLPE samples were measured under air, nitrogen, and vacuum atmospheres, and their differences in cross-linking density
were analyzed. The cross-linking network structure of XLPE was characterized through gel content and molecular chain
structure, and the thermal-oxidative ageing characteristics of XLPE were discussed combined with gel content, carbonyl
content, and oxidation induction time. The results show that the high-temperature thermal elongation performance of XLPE
is determined by its cross-linking network structure and thermal-oxidative ageing resistance. The XLPE with higher cross-
linking density and better thermal-oxidative ageing resistance exhibits lower thermal elongation and permanent elongation.
The thermal elongation test under air atmosphere will induce the thermal-oxidative ageing reaction of XLPE, resulting in the
reduction of XLPE gel content and the increase of carbonyl content, which will destroy the cross-linked network structure,
making the thermal elongation and permanent elongation of XLPE slightly higher. Conversely, the thermal elongation tests
under vacuum or nitrogen atmospheres can prevent the damage of thermal-oxidative ageing to cross-linking network, and

reflect the true crosslinking degree and thermodynamic properties of XLPE. This work can provide a more effective
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theoretical basis and testing method for assessing the thermodynamic performance of XLPE.

Key words: high-voltage cable; XLPE; high-temperature thermal elongation; cross-linking network; thermo-oxidative
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Fig.1 The thermal elongation and permanent elongation of

three XLPE samples under air atmosphere
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Fig.3 The shear storage modulus of three XLPE samples

under nitrogen atmosphere

B).3.41x10° mol/cm”*([H = C)

X bb 2= SR SR R XLPE 3R FE 1028 B 2% i
ALHN, [ — XLPE 3R 1) 22 B 2% B £500E K /N7 7E B
3 72 S, G IR AT R 2 R R I 2 ) DK PR B A
[7]) , A i e 0 I PR 855 O 7 AU T BY D7) A g
15 B R R B A L

N T E R e R A A L R R A3
Pl XLPE B0 ) B e A 22 Rk A3, 25 N 4
Fia. MR 4T LLE H 3 R XLPE i ) #GE [ R
MBI K BT Ak 10 AHECT B P2 C &, 3
Bl XLPE iR AE K AR 235 9 0. B #E 0 (4) ~
(6) 5 B2 5 H R 3 XLPE b3S 625 B, 45
RunE 4R,

100 B G2
@ LI
14.4x10°%
< 5
:H,g 14.0%10° 5
ﬁ: &
i
e
13.6x10°
P A OB &= C
v

4 EZHFET 3# XLPE AR AT R MR E R
Fig.4 The thermal elongation and crosslinking density of

three XLPE samples under vacuum atmosphere

ME 4T CLEE, 30 AT B A E P Cit ke
() 22 BE 25 B 4% W 4.31x10°. 3.85%107°, 3.69%10°
mol/em®, ¥ B & T 2 A A H T A A XLPE i Ff



AR AR e e AL B S IR T L 0 el A A 7 E 22 57 ML BB ST

AWK L (55 U T I K XLPE A 22 1k
B2l

Xof EE R IR M4 SR T %, 3 A XLPE BURE ) i
AP RE A7 A2 B R 22 7, OF Lol 3028 G0U B T 00 s 0 94
JEAR AT B3 B 1 3 M XLPE A 52 6 [ 8 {5 R
AN 5 Eh SR LT I B U i RE A R T
FARR MR EZRA B, H S AR T
DG AR FAE A 0 5245 21 19 3 7 XLPE 1k A 1Bk
FEAFAEZE S, O HR 2 GV T Uk 0 A i R AR T
AR N I Y, X R B T I EE 5806 XLPE
F e T A AP BE K 45 SR AFAE S

3 XLPESERSGERMAEMMEEEFN

B

AN T8 XLPE B FF 1) v I #44 SE fr 1 e A7 72 22 5
H HAEAF MR B T, XLPE iR £ th 3= 3 H A H
(R IE AR R FK AR, A T 3 — 2 AR
XLPE R 14 157 il #4E fe 1 e 22 5 1) A ZEBIL 3, AR
5N AZ T X 4% 5 ) RN B2 A M R AN T TR
it .

3.1 XLPE RZBEXMLEEEHIR 200

A A R 50 7 R R E S s B R AT, B AE A
JIMEFF , XLPE [N 5 W 48 & A2 A8 A4 T 72 A 4 4 {if
(LA . XLPE (1 %) 48 25 14 B Ak, 57 58 16N A7) 35 4 245
YR, 9 1 S R i 23 A XLPE (1) ) 28 25 44 , e ik
I B B RAE H AN A Bk, 180T 43 5 45 M RAE
YERgELE

HEIR S B A R T Y R I ) 2% 45
Fa) 5 33 T R UIE 5 ARG %) A S it 38 6T 7K A A G a4,
PRt 5 AN [F) XILPE 124 40 A {1 X 56 117 PO v i 25
2, R WE SR, NESHTLUEH, 30 A0
B A 7 C H&ERR & B 53 71 N 85%82%84% , & H
37 XLPE I FE (B & EAHZE A K, I B 5 B2 F
35%F EEB] T, 3 Fl XLPE SR 18 & 8 5 A0 B
JEE 1) 8 A R AR AN — B0, W S R ) 4 A 1T
YEM .

VB 25 2 B G W K JE ey T TR AR ELAE H
TR = 4 B A1, FOR 5 4y THEK R Sk
EA XK. CHEPFRRN, B 78K, A F
T A BR S, 3 2t T 5 s R 1 E 3G 7
() FF) 2 &5 AT e PE 5 K S R bR oy, 7E — 8 YA L Y

73
90 -
85+
O\\°
g
&1 80F
g{;{
75+
70+
HEETA HEB [E7r= C
B

5 3FXLPEREAEHETHAR S8
Fig.5 The gel content for three XLPE samples before thermal

elongation test
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Fig.6 The gel content of three XLPE samples after thermal

elongation test under air and vacuum atmosphere
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Fig.8 The difference and mechanism diagram for high

temperature thermal elongation performance of XLPE
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