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Dealing With Some Key Design Problems in HV Cable Accessory

WANG Xia, YU Dong, DUAN Shengjie, ZHANG Yuwei, ZHANG Wenhui, WU Kai, TU Demin
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The design of high voltage cable accessory is a complex process involving electric, machinery, material, and
thermodynamics. The electrical, mechanical and thermal composite field is precisely designed to minimize the failure rate
caused by production process. Consequently, we discussed several key design problems such as the electrical properties,
mechanical properties, relaxation characteristics, expansion deformation and electric field optimization in high voltage
prefabricated or shrinkable cable accessories. We proposed that accessories expansion rate would decrease with rubber
elasticity modulus and increase of interfacial pressure, and rubber stress relaxation rate would increase with environment
temperature and rubber elongation increasing. The expansion of the cable accessory brings a nonlinear displacement from
the inside to the outside, and the inside displacement is large and the outside is small. Based on the theory of the elas-
tic-plasticity mechanics, the thick-wall cylinder deformation equations of cable accessories were established. The
production structure could be obtained by the relaxation process of the accessory, recovering from the expanded installa-
tion state after electrical field optimization. Finally, a reasonable method to design cable accessories production was
proposed. The method is expected to guide the structure optimization design and material selection of high voltage AC
and DC prefabricated/shrinkable cable accessories.
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Table 1 Cable accessories expansion parameters

i 1 455 B /M Pa

Yy
1.0 1.5 2.0
H0L B B/mm 6.4 44 34
AU 5K /% 143.1 129.6 122.9

VE: HZUETI 400 mm?; BHFEEN 10 mm; HHESANEAEN 35.6
mm; FHfE /74 0.20 MPa.
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Fig.2 Stress relaxation aging at 125% elongation
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Fig.3 Stress relaxation aging at 150% elongation
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Fig.6 Relaxation characteristics after 30 years at

125% elongation
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Table 2 Relaxation characteristics after 30 years at various

temperatures
K% EALIEN
pR : : :
1% 0=40 C  4=70 C 1=90 C
30 4F 5 FiF 0.97 0.84 0.61
125 30 4F 5 i JE/MP
30 F/EHE/MPa 0.243 021 0.153
(WI4RTH R 0.25 MPa)
30 )5 F/Fo 0.96 0.80 0.54
150 30 455 ] FE/MP
S0 E/MPa 024 0.20 0.135
(WIEETH . 0.25 MPa)

K3 ANFRRIEAEL 30 485 R A E (F/Fo)

Table 3  Stress ratio of different rubber materials after

30 years (Fi/Fo)
N 178 HAB (F A/ Fo)
YFE 5 P ] I 7 i B B A
AR I e A e 4
L 4 /M Pa 0.6 1.0 1.5
40 C 0.94 0.96 0.97
125% 70 C 0.72 0.85 0.84
firge ' ’ ’
90°C 0.43 0.68 0.61
40 C 0.92 0.95 0.96
150% 70 C 0.49 0.83 0.80
firge ' ’ ’
90 C 0.16 0.65 0.54
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Fig.8 Internal shape comparison diagram of cable accessory
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