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Abstract—Many studies have been conducted on DC 

transmission. Of power apparatus for DC transmission, high voltage 
direct current (HVDC) cable systems are being evaluated because of 
the increase in power demand and transmission distance. Therefore, dc 
insulation characteristics of liquid silicone rubber (LSR), which has 
various advantages such as short curing time and the ease of 
maintenance, were investigated to assess its performance as a HVDC 
insulation material for cable joints. The electrical performance of LSR 
added to nano-aluminum trihydrate (ATH) were confirmed by 
measurements of the breakdown strength and electrical conductivity. 
In addition, field emission scanning electron microscope (FE-SEM) 
was used as a means of confirmation of nanofiller dispersion state. The 
LSR nanocomposite was prepared by compounding LSR filled 
nano-sized ATH filler. The dc insulation properties of LSR added to 
nano-sized ATH fillers were found to be superior to those of the LSR 
without a filler.  
 

Keywords—Liquid silicone rubber, Nanocomposite, Nano-ATH, 
HVDC insulation, Cable joints. 

I. INTRODUCTION 
HE need for HVDC transmission for increased long 
distance transmission and to meet the demands for power is 

expanding. Around the world, many studies have been 
conducted on DC transmission. To transmit direct current 
power, the HVDC cable and joint are needed. The cable system 
is comprised of a cable and accessories, such as joints and 
terminations. Joints are connections between the cables [1]-[4]. 
When they are connected, several problems are encountered 
including the leakage current and heating. One of the major 
issues with the HVDC cable system is the accumulation of 
space charge and the consequent distortion of the electric field. 
These problems reduce the insulation performance, which is the 
breakdown strength, conductivity etc. [5]-[6]. To solve this 
problem, many studies have focused on HVDC cables, but the 
HVDC cable accessories have attracted less attention. 
Consequently, HVDC cable accessories currently do not meet 
the standard insulation property for insulation materials. 

To enhance electrical performance of insulation materials, 
filler and additives are blended with the basic resin. The 
application of nano-scale fillers has been generally researched 
[15]. The addition of the appropriate nano-filler can reduce the 
accumulation of space charges and increase the dielectric 
strength and partial discharge resistance of composites. These 
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fillers present that reaching the desired improvements in 
materials performance with comparatively low amounts (less 
than 10%wt) and avoiding the usual disadvantage of 
micro-filler. Also, the addition of nano-filler can reduce the 
total cost of the composites as well, because the price per unit 
polymer is typically higher than that of fillers [16]. 

This study examined the breakdown strength and volume 
resistivity of LSR, which has been used as an insulation 
material of HVAC cable joints to apply to the insulation 
material of the HVDC cable joint. In addition, field emission 
scanning electron microscope (FE-SEM) was used as a means 
of confirmation of nanofiller dispersion state, and the effects of 
addition of the nano-filler used LSR nanocomposite were 
considered. 

II. SAMPLE PREPARATION 

 
Fig. 1 Fabrication scheme of the specimens 

 
Silicone rubber is used mainly as insulation materials for 

outdoor insulators as well as cable joints. Among these, LSR is 
a good insulating material because of its short curing time and 
ease of maintenance [7]-[9]. LSR (Momentive Performance 
Materials Inc.) was used to prepare the specimens. The mixing 
ratio of LSR and hardener was 1:1. The ATH filler (US 
Research Nanomaterials, Inc.), 10~20nm size, was used to 
prepare the nanocomposites. 

A direct mixing method was used to disperse the nanofillers. 
The ATH filler added at 1phr in the LSR for nanocomposite. 
The nano-sized filler improved properties of the pure material 
by forming a nanocomposite [11]. The planetary centrifugal 
mixer (ARV-310 from THINKY Co.), a high viscosity 
dispersion device, was used because of the very high viscosity 
of LSR [10]. The specimens were fabricated by curing for 5 
min at 165°C in a hot press. Fig. 1 shows the preparation 
process of the LSR nanocomposite. Table I lists the 
classification for the specimens.  
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that properly growing content of nano composite can be 
used for a stable insulation structure. 

(5) The dispersion state of fillers using FE-SEM image was 
fairly uniform to the specimen filled nano-ATH. 

Investigation results are that the opinion that there are effects 
from the nano filler that make the electrical performance good 
but the degree of this effect is unpredictable. The nano filler 
content is not proportional or inversely proportional. Therefore, 
the study regarding the consecutive study of the thermal, 
mechanical and chemical properties as well as electrical 
dielectric should be conducted.  
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