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Silicone Module-type Termination with 
Salt Damage Resistance

Yuto Sugitani,1 Kazushige Tomita,1 Yu Guo,2 Akira Takahashi,2

Hiroyuki Tada,2 and Katsuji Takahara1

Silicone module-type termination was developed to instead of ceramic-type termination 
that generally used in contamination conditions. Developed termination has divided skirt with 
under-ribs, it can be adapted to arbitrary voltage or environment. Sufficient performance has 
been confirmed by evaluation test.

1. Introduction
Since the Feed-in Tariff Scheme of Renewable 

Energy was started in July 2012, there has been an 
increase in demand for cables and accessories for 
interconnecting power grid systems of mega solar 
plant and wind power generation. We have developed 
a silicone module-type termination with salt damage 
resistance to replace the prefabricated (plug-in) 
terminations adopted in indoor and general areas, and 
silicone cold shrink terminations and ceramic-type 
terminations with salt damage resistance adopted in 
polluted areas. The major features of the latest module 
are described as follows:
(1)  Applicable to both rated voltages of 22 and 33 kV 

because the skirt parts of a termination may be 
divided into multiple parts (we call modules) by 
setting any number of skirts to be plugged in.

(2)  Ensures sufficient surface length by providing ribs 
under the skirt. Enables coverage of heavily 
polluted areas.

(3)  Allows reduction in the assembling time without 
need for any skills by employing a plug-in type 
design.

(4)  Provides easy operation on utility poles owing to 
the much lighter weight compared to that of the 
ceramic-type. The product will not break if you 
drop it.

(5)  Can be reworked, compared to the cold shrink 
type. Provides a longer shelf life for termination.

(6)  Provides minimal waste disposal during work and 
environment-friendly properties.

2. Development goal
We compared the standard values of terminations of 

high-voltage cables to determine the electrical 
properties for the termination to be developed. A 
comparison of the standard values of 33 kV class is 
shown in Table 1.We decided to apply a flashover test 
at polluted condition to evaluate surface length 
dimensions for the salt-damage-resistant design. We 
also set the termination performance for the product, 
complying with JCAA A502 “Outdoor termination 
accessories for 22 kV and 33 kV cross-linked 
polyethylene insulation power cables” in which the 
lightening impulse withstand voltage is -305 kV, which 
is the severest value.

Table 1. Comparison of the termination standards for
33 kV class.

Test item JCAA IEC60502 IEEE48

AC withstand 
voltage test

86 kV · 3 hr
85.5 kV ·  

5 min
90 kV · 1 min

Lightening 
impulse withstand 

voltage test

-305 kV · 
3 times each

±170 kV · 
10 times each

±200 kV · 
10 times each

Partial discharge 
test

26 kV · 10 pC 
or less

33 kV · 10 pC 
or less

30 kV · 3 pC 
or less

Long-term voltage 
and loading test

40 kV,
Conductor 

temperature 
90°C, 30 

cycles

- -

Flashover voltage 
at wet condition

63 kV 76 kV 80 kV

Flashover voltage 
at polluted 
condition

34.5 kV - - 
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3. Basic specifications

3.1  Basic specifications

The basic specifications are shown in Table 2.

3.2  Termination structure

The termination structural drawing is shown in Fig 1.

3.3  Termination materials

Silicone rubber is employed as the material for skirt 
parts. An accelerated weathering test was carried out 
using a metaling weathering meter (manufactured by 
Suga Test Instruments Co., Ltd.) for the performance 
evaluation in outdoor use. The changes in the average 
contact angles in the weathering test time are shown 
in Fig 2. All average contact angles indicated 100˚ or 

more until 1,000 hours for the test time, which means 
all samples provide high water repellency. A tracking 
resistance test complying with JIS C3005 was also 
carried out for the evaluation of salt damage resistance. 
Test conditions and test results are shown in Table 3. 
The number of spraying times is specified as 101 times 
in JIS C3005 but a severer test of 10,000 times was 
conducted. A photo of a sample after the tracking 
resistance test of 10,000 times is shown in Fig 3. In the 
photo, the high tracking property is recognized owing 
to there being no erosion damage.

Panel 1. Abbreviations, Acronyms, and Terms.

JCAA–Japan Power Cable Accessories Association JEC–Japanese Electrotechnical Committee

Table 2. Outline of developed termination.

Item Specification

Rated voltage 22 kV 33 kV

Scope
From insides of buildings to heavily 

polluted areas

XLPE cable size applied 60 to 325 mm2

AC withstand voltage 57 kV · 3 hr 86 kV · 3 hr

Lightening impulse 
withstand voltage

-230 kV · 3 times -305 kV · 3 times

Partial discharge
17 kV · 10 pC or 

less
26 kV · 10 pC or 

less

Flashover voltage at 
polluted condition

23 kV or more 34.5 kV or more

The number of skirts 3 4

Complied with JCAA A502 “Outdoor termination accessories for 22 
kV and 33 kV cross-linked polyethylene insulation power cables.”

Fig. 1.  Appearance of developed termination.

(a) Appearance of developed termination

(b) Appearance of under-ribs

Table 3. Test term and result of tracking resistance test.

Item Specification

Voltage tested 4 kV

The upper limit of leakage current 500 mA

Spray cycle
10 sec spray
20 sec break

Wind velocity 3 m/s

Spraying quantity 0.5 mm/min

Concentration of spray solution 2%NaCl and surfactant

The number of spraying 101 10000

Test result Good Good

Complied with JIS C3005 “Test methods for rubber or plastic 
insulated wires and cables”

Fig. 2.  Relation between contact angle and weathering test time.
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Fig. 3.  Test piece after tracking resistance test.
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4. Design of the termination

4.1   Design of effective flashover length and outer 
diameter of skirt

The power cable termination may generally fulfill 
electrical properties when it has a sufficient length. 
But an appropriate dimension needs to be determined 
to fulfill termination properties including mechanical 
properties. Barriers were set on the surface to suppress 
the creepage flashover and to enhance voltage 
withstand properties under contaminated wet 
conditions for the enhancement of termination 
properties under the environment in practical use 2) 3). 
We evaluated the parameters, termination length and 
outer diameter of skirts by the lightening impulse 
breakdown test to determine the termination structure. 
What was found from this experiment is as follows:
(1)  The length of the termination is more influential 

than the outer diameter of skirts and the longer the 
termination length, the higher the flashover 
voltage.

(2)  When the termination length is fixed, the larger 
the outer diameter of skirts, the higher the 
flashover voltage. It is assumed that this result 
comes from the barrier effects of skirts.

When the rated voltage is 33 kV class, a lightening 
impulse withstand voltage of -305 kV or more is 

required according to JCAA A502. The latest 
termination we have developed is designed to have a 
lightening impulse withstand voltage value with 
margin of about 10% and provides a length and outer 
diameter convenient for assembly.

4.2   Evaluation of salt damage properties by an 
artificial contamination test

Under a contaminated wet condition, the electrical 
properties were evaluated by the equivalent fog 
method in JEC-0201. The test was carried out with a 
contaminated solution of 0.35 mg/cm2 (suppose of 
density salt adhere) to replicate a heavily contaminated 
environment. From this test, we employed the 
configuration of the product with the highest withstand 
voltage when the product was contaminated. We made 
four skirts with ribs the specification when the rated 
voltage was 33 kV class.

5. Evaluation of the termination performance

5.1  Evaluation of the short-term performance

The test items and the results of the short-term test 
of the latest termination are shown in Table 4. We 
confirmed that the latest termination satisfies the 
performance specified in JCAA A502.

5.2  Evaluation of the long-term performance

A long-term voltage and loading test was executed 
for the evaluation of the long-term performance. At 
that time we prepared a contaminated sample using 
the same test method as the artificial contamination 
method, and the long-term voltage and loading test 
was carried out under the same conditions. The test 
results are shown in Table 5, and a photo of the test is 
shown in Fig 4. We confirmed from the long-term 
voltage and loading test that the latest termination 
maintains the sufficient electrical performance.

Table 4. Results of short-term tests.

Item Performance required Result

AC withstand voltage 
test

Withstand for continuous 3 
hours at 86 kV 

Good

Lightening impulse 
withstand voltage test

Withstand for 3 times at -305 kV Good

Partial discharge test
Electric charge shall be 10 pC 

or less at 26 kV
Good

Flashover voltage at wet 
condition

63 kV or more Good

Flashover voltage at 
polluted condition

34.5 kV or more Good

Complied with JCAA A502 “Outdoor termination accessories for 22 
kV and 33 kV cross-linked polyethylene insulation power cables.”

Table 5. Results of long-term tests.

Item Specification Result

Long-term voltage and 
loading test

40 kV, Conductor 
temperature 90°C

8 hours on/16 hours off
Withstand for 30 times 

Good

AC withstand voltage test 
after the long-term test

86 kV · 3 hr Good

Lightening impulse 
withstand voltage test after 

the long-term test
-305 kV · 3 times Good

Partial discharge test after 
the long-term test

26 kV · 10 pC or less Good
Fig. 4.  Photograph of long-term voltage and loading test.
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6. Conclusion
We have developed the silicone module-type 

termination with salt damage resistance to replace 
prefabricated (plug-in) terminations adopted in the 
indoor and general areas and ceramic-type terminations 
with salt damage resistance adopted in polluted areas. 
The latest termination satisfies the performance 
specified in JCAA A502 “Outdoor termination 
accessories for 22 kV and 33 kV cross-linked 
polyethylene insulation power cables.”

We carried out a long-term voltage and loading test 
for the evaluation of the long-term performance and 
confirmed that the latest termination maintains 
sufficient electrical performance.
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