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Research Progress and Prospect of Cable Insulation in Nuclear Power Plants

GAO Yu!, LIU Baixin', DU Boxue!, LIANG Guohua?, SUN Jiansheng?
(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;
2. Yangzhou Shuguang Cable Co., Ltd., Yangzhou 225652, China;
3. Shanghai Electric Cable Research Institute Co., Ltd., Shanghai 200093, China)

Abstract: Cable ,which is regarded as the “blood vessel” and “nerve” of nuclear power plant, is an important electrical
setup to ensure the safe operation of the nuclear power system. In this paper, the research progress in cable insulation of
nuclear power plants is systematically reviewed. The degradation mechanism of insulation materials in the harsh envi-
ronments such as strong radiation and high temperature of nuclear power plants is analyzed. The influences of physical
and chemical changes caused by irradiation on the mechanical and electrical properties of materials are explored. The
modification methods for improving the weather resistance of materials are discussed. It is introduced that the the oxygen
barrier effect of nano particles can improve the irradiation resistance of materials. The development of detection and
evaluation technologies for nuclear cables is presented. As nondestructive testing, broadband impedance spectroscopy and
dielectric spectroscopy are introduced. And the future research directions of nuclear cables are put forward. In the future,
the harsh environments such as nuclear radiation, high temperature and LOCA should be further researched, and physical
and chemical modification methods should be determined to effectively improve weather resistance, and to develop
non-invasive and non-destructive detection and evaluation technologies. The paper provides a reference for the insulation
design, production and operation maintenance of cables serving in harsh environment of nuclear power plants.

Key words: nuclear energy; cable insulation; material degradation; gamma-ray; harsh environment
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Fig.1 China’s independent third-generation nuclear power
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Fig.2 The appearance of K1 cable
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pylene rubber, EPR)Z52714%, 457 3|75 g 4a i AR
RIS, HSEREYVIM B S BET L, 4k 5] KA
oy WA CBREE— RV P, AR 7RSS
R g5 IR SCHRIE S EAL G R A e AR 12,
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S A SRR PR (P OO 7, R AT SRR B i 4 %
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AN a7 B = ER R UM TREMME.
1.2 B ILEB SRS LR HE

Wk A A 5 5k, B A R AL
PREERER N FE. MA@ TR, NHEE
. FE AR T AFESERIR, YR £
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SRR RON R SL SR H AN R SR T 7=
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SV, ARSI NS, A SdER TR
sl R PR N RS AL

PE & FE I BB A Gkl —, HAERZ Bl il
i PR T K B A R AR ) )2 0% . G Chen
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od, PEA) B 7T T 1k % J& % £ /i (low density
polyethylene, LDPE)3Z y 5 2k {5 i 2 18] HLfar A7
AT AP, Ry AR R T 0 A A S S AE R T
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FEPE M., AL IR, R
S HL P RE U I E FE R A

5 PE M EHHAL, XLPE /£ WL 45 8 244
BE, HAEAZ H sl b S IS 25 AL — B DL Rt 2

W A SSVE O A . XY, Huang 28 AR 3.3 kV
i) XLPE HLZE RS, LA(5.5£0.1) kGy/h HIFIE =
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Fig.3 Change of absorbance with aging time
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Fig.4 Relationship between DC conductivity and trap energy

level of degraded samples under different conditions
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Table 1 Summary of some research literatures on cable insulation in nuclear power plants
FIEE, RFE/
Ay fE& Zpal WBEE/C IfE/M HAh TR
ﬂ: T 1{ (kGy-h*‘) kGy (L)X =7y
G. Chen, H. M. Banford, R SR AR T ¥ 41, PR
1996 en. : anfor LDPE . 10, 500 s RIRE S ES }RF‘ Eﬁ\?fﬁ%%uwgu\&ﬁa
A E. Davies!?! B, Rt T 7S E] s S
B. X. Du, X. H. Zhu, . o X . X )
2008 Y. Gaold PE 10 0~1000 Hi FUEEREIN, ST H A 2 G0N RN kA
. Gao
X.Y. Huang, C. Kim, . - — )
2011 . XLPE 5.540.1 0~4000 =i SRR, AW AR, KB AT AL %
PK. Jiang!??!
, FURIEIN, A HHE BRGS0 TR AR
2012 Y. Gao, B.X. Dub! PE 10 0-1000 =i R, IS, Sl AR
Fessm
2013 Y. Gao, Y. Li, J. Jial!l LDPE 10 0~1000 i FI&E 0, LDPE [¥] PD FFH 2 19 i 3
T. Sarac, N. Quiévy, 0.106, I, B KRN, BB IR R
2016 arac, N. Quiévy, EPDM 20-1000 2585 TR L*JMJFHI% NFE, ER I F
A. Gusarov [ -1.39 iy &S TY N
LQ Yang Y. Ohki, o PEEK o 0 R O MERRBLAIR L, (AU A6 T
2017 - ang_’ o FR-XLPE, o 155 " T pes !
N. Hiral? 0.15 5000 HPERE IS L
FR-EPDM
2019 S. V. Suraci, D. Fabiani, XLPE 0.42, %5 0~ LU TERAARIIEECTE G, R Edks:, HA
C.Y. Li0] 1.06 1000 T AR R R 500
2020 Z.Y. Liu, Y. Miyazaki, XLPE ol 100~ 20~ A SRR BE K, Zibff XLPE ZHf,
N. Hirail3¥ ’ 155 2000 RELAS T #8000 T A% 4t
2020 Y. Miyazaki, N. Hirai, XLPE ol 100~ 200~ XLPE 14T 5% 23 b & A AL I BT T WL, {341
Y. Ohkil34] ’ 155 2000 PR B B4
H. L. Zhou, W. Hanafusa, 100~ 200~ %t FR-XLPO BT 38 2457 B Y y %8 I8 a] DAY
2021 FR-XLPO 0.1 )
K. Ydol42! 155 2000 AT PR AR
0.1, 250, S 220 CHIZER BT g, B LR
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IR A EHENIIR . A AN BRI BT s ),
B—DAESE, WIS EEEY), R EHRILGE
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0 1K Z 1000 kGy, 4 PE ¥EM T HIE ST M
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Fig.5 Possible mechanism on the oxygen diffusion in PE and

its micro/nanocomposite
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