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Study on Performance and Aging Test of Porcelain Insulators for
Transmission Line
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Abstract

The suspension insulators are subjected to harsh environments in service for a long time. The
long-term reliability of the insulators is required for both mechanical and electrical performances. This
study describes some basic performance tests and accelerated aging test by cool-heat cycling methods
and thermal mechanical performance test methods on alumina porcelain insulators (new and aged) used
for transmission line in KOREA. There was no fail in electrical and mechanical performance tests such
as a high voltage strength, a flashover voltage, and an impact strength in all samples. But in the case
of accelerating aging tests which have above 90T temperature gradient, fracture phenomena was
happened by a thermal shock in the aged sample(sample A) with low alumina porcelain body. It was
indicated that sample A was more severely aged than other samples. According to results of HRB test
and microstructural analysis, it was reasoned that insulator bodies with the matrix reinforced with
alumina crystalline phase have advantages over the suppression of crack advance. And cool-heat
aging and mechanical thermal ageing tests shows that a temperature gradient is more effective to
accelerating than a cycling number.

Key Words : Porcelain insulator, Accelerating Aging Test, HRB test, Transmission line,
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Fig. 1. Aging mechanism of porcelain insulators.
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Table 1. Test insulator specimens.

Samples Products Alumina Content | State
A Domestic(1989) 8% Aged
B Domestic(1995) 12% Aged
C Domestic(2001) 17% New
D Foreign (2001) 17% New
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Table 2. The specification of ES 131-543.
Items Requirement
Dry Power-Frequency Flashover 0
Voltage(kV)
Wet Power-Frequency Flashover 50
Voltage(kV)
Critical Impulse Flashover |  Positive 125
Voltage(kV) Negative 130
Power-Frequency Puncture Voltage(kV) 110
Low Freq. Test 10
Radio-Influence Voltage(rms kV)
Voltage Max. RIV(dB. At 37
500kHz)
Electro Mechanical Failing Load(kg) 16,500
Mechanical Impact Test Load(kg-cm) 104
Tensile Test Load(kg) 8,250
Mechanical Routine Test Load(kg) 11,000
Leakage Distance(rmm) 280
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Fig. 2. The cool-heat accelerating test (1Cycle).
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Fig. 3. The thermal mechanical accelerating test.
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Table 3. The result of porosity test.

Samples

No. Standard Aged New

A B C D
153kg/cm’, 12hrs. | PASS | PASS | PASS | PASS
153kg/cm”, 12hrs. | PASS | PASS | PASS | PASS
153kg/cm”, 12hrs. | PASS | PASS | PASS | PASS
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Table 4. The result of impulse withstand
voltage test.
It Samples
ems A | B C D
Withstand N
(75kV, 1min.) PASS | PASS | PASS | PASS
Dry Flash
ashover
(above S0KV) 92kV | 93.8kV | 95kV 94kV
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Table 5. The result of breakdown voltage test

in oil.
Samples
No. Standard Aged New
A B C D
1 110kV 162kV | 172kV | 164kV | 150kV
2 110kV 165kV | 158kV | 156kV | 150kV
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Table 6. The result of electro-mechanical
breakdown test.
. Samples
No. |Standard Aged New
A B C D
16,500 25,600kgf |21,500kgf| 22,100kgf | 25500kgf
1 k, P (Socket (Pin (Socket (Socket
£ Separation) | Stretch) | Separation) | Separation)
9 16,500 above above above above
kgf 16,500kgf |16,500kgf] 16,500kgf | 16,500kgf
3 16,500 ” » » »”
kgf
4 16,500 ” n ” ”
kgf
16,500
5 7 » ” ”
kgf
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Table 7. The result of mechanical impact test.

Samples
No. Standard Aged New
A B C D
1 104 kg-cm |[PASS| PASS | PASS | PASS
2 104 kg-cm |PASS| PASS [ PASS | PASS
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Table 8. The result of cool-heat thermal shock test.

Samples
No. Aged New
A B C D
1 PASS PASS | PASS PASS
2 Fail(at 2nd) PASS | PASS PASS

846

d 9dE Aztd /\1348-‘4 1% A4C, DY 4
T ¥d AE 2 AE T A8 Fa WA A

Foll A obF™ ool fle Ao FHAHATH
322 4 Jts MY

WE 7hs gt AR o 2 ¥d 9F MY
o dde] 2oz FAE Ad k& A wHe
2 O9 48 e 2AFd we AEE HAER

o ? Cogi~Heat: Deep in Water Cool-Heat
lc"“‘ teat 1 Cyole l > 2lapcyces . TP wizns) [P] 20780 Cyotes
Leakage Current, Leakage Current,
Ledkage Current, Dielactrics, Distectrics,
Dietectiics Flashover and Flaghover and
Withstand Voltages Withstand Voitages

O8 4 99 1% g8t Al 2AE
Fig. 4. The schedule of cool-heat accelerating
ageing test.
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Table 9. The result of electro mechanical test
after thermal mechanical aging.

‘Samples
No. | Standard Aged New
A B C D
16500 20,300kgf | 21,500kgf | 21,900kgf | 26,700kgf
1 k‘gf (Pin (Pin (Socket (Socket
Stretch) | Stretch) |Separation)|Separation)
16500 28000kgf | 21,800kef | 22,100kef | 25900kgf
2 k‘gf (Pin (Pin (Socket | (Socket
Stretch) | Stretch) |Separation)|Separation)
16500 25,700kgf | 21,600kgf | 18500kgf | 26.500kgf
3 k'gf (Pin (Pin (Socket (Socket
Stretch) | Stretch) |Separation)|Separation)
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Table 10. The result of electro mechanical test
after thermal mechanical accelerating
ageing.

Samples
No. Standard Aged New
A B C D

1 16,500 kgf | Fail | PASS | PASS | PASS
2 16,500 kgf | PASS " " "
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Fig. 7. The SEM pictures after HRB test.
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Table 11. The XRD crystalline phase analysis.
Crystalline | ¢ e A| Sample B | Sample C | Sample D
Phase
Mullite[%] 127 1711 118 1065
Quartz[%] 546 37 33 343
Cristobalite[%] | 40 574 05 -
Aluminal%] 810 908 164 1606
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