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Fig. 1. Flow chart of specimen preparation and aging test.
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Fig. 2. Microscopic morphology of the section of the aged SIR specimens: (a) Unaged 0 h; (b) thermal aging 720 h; (c) thermal
aging 2160 h; (d) force-thermal aging 720 h; (e) force-thermal aging 2160 h.
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Fig. 3. FTIR spectra of the aged SIR specimens: (a) Changes of FTIR spectra of heat-aged SIR samples; (b) changes of FTIR spec-

tra of force-thermal aging SIR samples.
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Fig. 4. Relative permittivity of the aged SIR specimens:
(a) Changes in dielectric constant of SIR samples after
thermal aging; (b) changes in the dielectric constant of SIR

samples during strength-thermal aging.
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Fig. 7. Thermal conductivity of the aged SIR specimens:
(a) Changes of thermal conductivity of SIR samples during
thermal aging; (b) changes in thermal conductivity of SIR

samples during force-thermal aging.
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Fig. 8. Tensile strength variations of the aged SIR speci-

mens.
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Fig. 9. Elongation at break variations of the aged SIR

specimens.
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Fig. 10. Tensile stress-strain curve and Yeoh fitting curve of

rubber materials.
# 3 Yeoh BIREIIA S
Table 3.  Fitting parameters of Yeoh model.
Yeoh#E R S 4L /MPa

PRI
CLU 020 03[)
25 X R 0.21 2.21x104 —4.11x10°7

# 4 BIUG SIRIKKE Yeoh BAIZHL
Table 4.  Yeoh model parameters of the aged SIR speci-

mens.

Al SI Co Cy/10° Cy/10°°

25 FXT IR 0.21 2.12 -0.411
ik 168 h 0.23 2.24 -0.913

&Lk 720 h 0.25 0.356 -1.81

Pk 1440 b 0.32 8.26 -5.30
1k 2160 h 0.25 1.45 -0.224
J1-#4E1k 168 h 0.22 1.63 ~0.644

J1-#Ak 720 h 0.26 4.59 -2.48

F1-##Ak 1440 h 0.31 7.03 —4.82

J1-#E4k 2160 h 0.24 1.75 ~1.53

4.3 HGLKImRBIFNH

IR 10 KV HC AL AL AR B S Br ROSE, AR Al
BB F S Bz A7 T 005 AR REEE 57 22 W) 317
SR, TE R AR AR Z BRI TR BT, N B
R AL 750 E BB AT I RS AL AN AT 11 o,
BN Ia 4 7RG E I B AT F 7 E A
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Fig. 11. Variation of the maximum electric field of the cable
accessory with time.
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Fig. 12. Variation of the maximum electric field with aging

time.
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Fig. 13. Temperature field distribution of the cable ac-

cessories.
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Fig. 14. Variation of the stress cone root temperature and

temperature difference with aging time.
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Fig. 15. Interface stress distribution of the cable accessory.
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Fig. 16. Interface stress variation with the interference.
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Fig. 17. Stress cone root interface stress variation with the

aging time.
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SPECIAL TOPIC—Heat conduction and its related interdisciplinary areas

Stress-thermal aging properties of silicone rubber used for
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Abstract

During the long-term operation of a cable, the electrical field, high temperature, and interface stress may
age or deteriorate the silicon rubber (SIR) insulation of the cable accessories, affecting the combined electrical-
thermal-force performance of the accessories, and easily causing discharge faults. In this work, the electrical-
thermal-force properties of silicone rubber for cable accessories under thermal aging and combined force-thermal
aging are studied experimentally and numerically. The changes and mechanisms of physical and chemical
properties, electrical properties, thermal properties and mechanical properties of silicone rubber are tested and
compared before and after aging. The changes of electric, thermal and force field of cable accessories, caused by
the change of SIR material parameters under different aging time and aging form, are further simulated. The
experimental results show that the crosslinking degree and molecular motion system of SIR will change with the
deepening of the aging degree, which will change the electrical-thermal-force properties of the material to
different degree. After aging, large agglomeration protrudes and small cavities appear in SIR section, and the
damage is more serious under force-thermal aging. The relative dielectric constant first decreases and then
increases with the aging time increasing. The volume resistivity, breakdown strength and flashover voltage all
first increase and then decrease. The thermal conductivity first increases and then decreases with aging time
increasing. In addition, with the increase of aging time, the tensile strength and elongation at break decrease
gradually. Considering the change of properties after aging, the destruction of SIR material by force-thermal
aging is more serious. The simulation results show that under the two aging modes, the maximum electric field
strength at the stress cone root of the cable accessories first increases and then decreases with the increase of
time. The electric field strength at the stress cone root of the cable accessories, caused by the force-thermal
aging, changes little, maintaining about 2.2 kV/mm. The difference in temperature between the inside and the
outside of the insulation layer is obvious under different aging degree, and the temperature difference shows a
first decreasing and then increasing trend under both aging modes, and the maximum temperature gradient is
9.15 °C. The interface stress at the stress cone root decreases from 0.263 to 0.230 MPa, which is about 12.5%
lower. This work has guiding significance in evaluating the insulation performance and analyzing the fault of

distribution cable accessories.
Keywords: cable accessories, silicone rubber, stress-thermal aging, electric-thermal-stress coupling simulation
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