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The Development of High-Heat-Resistance Insulating 
Material for Automobiles

Takeshi Fukai,1 Tomohisa Watanabe,1 Kunihiro Naoe,1

and Makoto Mochizuki 2

We report flexible silicone rubber insulating cable for hybrid electric vehicle (HEV) 
and electric vehicle (EV). Insulating cables for HEV/EV are required to have high voltage 
resistance and heat resistance properties, Fujikura has developed insulating cables using 
silicone rubber that meet these conditions. On the other hand, silicone rubber has weak point 
of being swellheaded by absorption of nonpolar oil, such as gasoline and light fuel oil. We 
realize the most important thing is the balance of chemical and physical crosslinks. The result 
of experimentation is that crosslink-controlled silicone rubber showed improved mechanical 
characteristics in chemical-resistance test. 

1. Introduction
In recent years, HEV with motor and engine and EV 

with only electric motor have become popular because 
of increasing environmental conservation awareness. 
Unlike conventional automobile, insulating cable for 
HEV/EV using electric motor is required to have high 
voltage resistance. Considering the relative position of 
engine and motor, cable of HEV needs to have heat 
resistance properties. Moreover, for effective wiring in 
confined space, HEV/EV cable should be flexible. To 
meet the above requirements, Fujikura has developed 
high voltage resistance, heat resistance, and flexible 
silicone rubber cable. 

2. Development
Considering the requirement of heat resistance and 

flexible properties of insulating cable, we focused on 
silicone rubber. But silicone rubber has weak point of 
being swellheaded by absorption of nonpolar oil, such 
as gasoline and light fuel oil. We examined correlation 
of silicone rubber and additive agent and realize the 
most important thing is the balance of chemical and 
physical crosslinks. The result of chemical-resistance 
test of silicone rubber by optimized chemical and 
physical crosslinks is shown in Figure 1. Crosslink-
controlled silicone rubber showed improved mechani-
cal characteristics in chemical-resistance test. The 
structure of the fabricated prototype cable is shown in 
Figure 2.

3. Properties
Based on ISO6722 Class D, insulating cable evalua-

tion tests have been performed, and the results are 

shown in Table 1. Other evaluation tests using insulat-
ing cable or sheet sample are shown in Table 2. Be-
cause of heat resistant grade, change in shape of the 
prototype at high temperature is measured by TMA 
(thermo-mechanical analysis). The result is shown in 
Figure 3; current prototype has high thermal stability 
compared with cross-linked polyolefin. When cross-
linked polyolefin reaches the melting point, there is 
change in shape due to external pressure. On the oth-
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Fig. 1. The change rate by gasoline in chemical test.
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2: Silicone rubber insulating

3: Braided shield

4: Silicone rubber sheath
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Fig. 2. The structure of the fabricated prototype cable.
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er hand, current prototype has no melting point, so 
even at high temperature there is no change in shape 
due to external pressure. Besides, temperature depen-
dence of change in resistance of prototype is shown in 
Figure 4. It can be seen that fluoro rubber is one of the 
most useful materials in heat resistance and chemical 

resistance, but prototype has advantage for change in 
resistance at high temperature.

4. Conclusion
Fujikura developed insulating cable for HEV/EV 

that has both high voltage resistance and heat resis-
tance. In addition, developed silicone rubber insulat-
ing cable has enough flexibility for manufacturing 
work. At high temperature range, prototype has the 
best properties of the change in resistance and shape. 
Further, the component for HEV/EV including insu-
lating cable requires lightweight and downsizing. In 
future, Fujikura develops and continues offering use-
ful, functional, lightweight, and compact cables and 
harnesses.

Test name Test item Prototype

Tensile test
Machine charac-

teristic
Strength (MPa) 10.0

Elongation (%) 250

Insulation break-
down test

Break voltage (kV) 31.6

Hardness mea-
surement

Shore type A 78

Table 2. The properties of Prototype.

Test name Requirement Condition Prototype

Heat aging
No conductor shall be visible.
Breakdowon shall not occur.

Short term (240h, 175°C) I
Long term (3000h, 150°C) I

Low temperature winding Breakdowon shall not occur. Freezing chamber at -40°C I
Withstand voltage Breakdowon shall not occur. 1 kV (A.C.) for 30 min, 5kV for 5 min I

Resistance to chemicals Breakdowon shall not occur. Using gasoline at RT I
Resistance to flame propagation Material shall extinguish within 70s. The angle of cable shall be 45°. I

Table 1. The evaluation test based on ISO6722.
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Fig. 3. The results of thermo mechanical analysis.
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Fig. 4. Temperature dependence of change in resistance.


