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Using Polymeric Materials for Rolling Stock High-Voltage Cable Termination
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High-voltage cable terminations for rolling stock require high reliability. They are
composed of multiple components—such as a porcelain bushing, epoxy insulator and stress
relief cone—and their size and weight makes it difficult to insert them in tight spaces.

This study discusses the use of polymeric materials for terminators as a way to make the
terminations smaller and lighter. A verification test based on International
Electrotechnical Commission (IEC) standard has confirmed that polymeric insulated
terminations incorporating silicone rubber have the electrical and mechanical properties

feasible for field application.
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Fig.1 Wiring of high-voltage cable for rolling stock
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Fig.2 Construction of "slant-type" termination for high-voltage cable
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Table 1 Target specifications of polymeric insulated termination

ltem Existing termination Development target
Mass 100 kg 15 kg
Length 1,160 mm 700 mm
Number of parts Approx. 70 pcs 35 pcs

Electrical Withstand AC 70 kV, 1 min. Same as at left
properties Impulse test: =175 kV, 3 times
. Withstand shock and
Mechan_lcal vibration based on Same as at left
properties

IEC61373
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Fig.3 Construction of polymeric insulated termination for high-
voltage cable
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Table 2 Properties of rubber material

- Ethylene-
Silicone Butyl
ltem propylene
rubber rubber rubber
Breakdown
voltage 20-30 30-45 20-30
(kV/mm)
Electrical rg/soilsLtlwi?y 1x10" 1%10' 1%10'
i 13
properties (Q - m) -1X10
Dielectric
tangent 2-4 1-2 1-3
(%)
Flame Oxygen
retardant index 25.5-27 20.5-23 21.5
properties (%)
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Table 3 Specification of high-voltage cable for rolling stock

No. Part Remarks

1 Conductor Flexible stranded tin-plated copper wire

Semiconducting tape and

2 Semiconductive layer . .
semiconductive compound

3 Insulation Ethylene propylene rubber (EPR)

4 Semiconductive layer | Semiconductive compound

5 Shield layer Spiral of tin-plated copper wire

6 Sheath Red polyolefin elastomer

— | Diameter 43 mm for 120 mm?
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Fig.7 Configuration of shock and vibration tests

=4 IRES S UEEAERSEM (IEC61373 Category 1 Class A)
Table 4 Test conditions during shock and vibration tests, IEC61373
Category 1 Class A

Item Condition

+ Frequency range: 5 to 150 Hz

+ Acceleration
Vertical: 4.25 m/s?
Transverse: 2.83 m/s?
Longitudinal: 2.83 m/s?

+ Time: 5 hours

Vibration test

+ Pulse shape: Single half-sine pulse
+ Acceleration

Vertical: 30 m/s?

Transverse: 50 m/s?

Longitudinal: 50 m/s?
* Number of shocks: 18 times*

Shock test

* Three shocks each in positive and negative directions for each of three
orthogonal axes
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Table 5 Verification test results
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Item Standard Conditions Results
AC voltage withstand test IEC60502.4 | 104 kV, 15 min. Withstood at 104 kV for 15 min.
AC breakdown test - Stepped up by 10 kV/10 min. Flashover
Impulse voltage withstand test | IEC60502.4 | +200 kV, 10 times Withstood at 200 kV for 10 times
Impulse breakdown test - Stepped up by 10 kV, 3 times Flashover
Partial discharge test IEC60502.4 > 45 kV Not occurred at AC 45 kV
AC 65kV for 60 cycles
Electrical (1) Conductor temperature: 95-100°C, 2 hours
properties Thermal cycling test IEC60502.4 | (2) Conductor temperature: Down to No defects
ambient temperature
Repeat (1) and (2) 60 times

Thermal short-circuit test

reu! IEC60502.4 | Current 5 kA/1 sec. No defects

(Screen)

Thermal short-circuit test

reu! IEC60502.4 | Current 21 kA/1 sec. No defects

(Conductor)
Salt fog test IEC60502.4 | 32.5kV, 1,000 h Withstood at 32.5 kV for 1,000 h
No defects and withstood at
. Shock and vibration test IEC61373 Category 1, Class A AC104 kV/15 min after shock
Mechanical . K
) and vibration test
properties
Water immersion test — Immersed in water for 24 hours No defects

18 Hi£RBHIR Vol. 32 (2016)
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