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ABSTRACT

Taiwan islands locate in sub-tropic area. In this climate condition, the insulators on
transmission and distribution lines along the seashore suffer from the impact of sea-wind, salt-fog
and industrial pollutants respectively. Comparing to other climates, the severe weather parameters
are significantly influence in insulator performance. Contamination flashovers have become the
greatest concern to power lines during the past decades. A number of power failures are recorded

| ST 1N Bl SR ST LR BRI 5T
Chemistry & Environment Research Lab. Talwan Power Research Institute, TPC.

2 BEEILFRF AT T
High Power Lab., Taiwan Power Research Institute, TPC.

* ;‘@%ﬁfﬁ%{u&9790@taipower.com.tw)

-225-




Piak TR St AEE M 20056

on electric networks. To solve this problem, so far various efforts , gradually replacement of conventional insulators by

polymer insulators for specific area have been made. In other words, polymer insulators serve as a countermeasure

against contamination problems. This project is initiated in distribution lines aiming to investigate HDPE polymer

insulators failure events and establish the fracture analysis techniques, in the consequence of improving power quality

in distribution lines. The main results in this project are acquiring polymer insulators application information both in
domestic and overseas, establishing analysis techniques both in materials (FTRI/TGA/DSC/SEM) and electricity (UV
Corona Image Monitoring) and referring maintenance criteria on polymer insulators service. The failure occurred in the

vicinity of the bottom of insulators with accumulated contaminants which caused tracking and erosion phenomena and

induced high-temperature damage.

Keywords: HDPE polymer insulators; Tracking and erosion; FTIR; TGA/DSC; UV corona image monitoring.
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&K1.  HDPE Ok [REREAR -
Table 1 Hardness test of HDPE polymer insulators.
5 T
R 1 2 3 4 5 |y
Al 44 Ta6 ] 3] 42| 44 14338
A2 | 59 61 61 59 60 60
B-1 59 59 58 60 59 59
C-1 59 58 57 58 57 1578
C-2 57 57 58 57 58 | 574
C-3 59 57 57 58 57 | 576
D-1 59 61 59 60 60 | 59.8
E-1 59 59 59 60 59 | 59.2
F-1 59 61 61 59 60 | 60.0
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2.  HDPE EahE FAREEEEERA -
Table 2 Roughness test of HDPE polymer insulators.

e FAEEESE (um) RS E (um)
1 2 3 IFE] 2 3 |
A-1 - - -- - -- - - -
A2 08 |04 [ 12708 ]30]26]35]30
B-1 - - - - -- -- - --
B-2 08 (12 (11 {1018 [22[29]23
C-3 03] 05]03]03126]32]38]32
D-1 07 o5 1 ]lo7l 171280497131
E-1 03] 0200403100710 09
F-1 02 0203 ]02{06 ] 11]12]09

#3.  HDPE BEGBET i, ESDD {H -
Table 3 ESDD figures of HDPE polymer insulators.

b, HERIE | HEREEEE | SR HEE FHBAHER
8 (C) & (mS/cm) a0 (mS/cm) Sa (kg/m’) ESDD (mg/cm?)

A2 20.7 0.131 0.1290 0.0680 0.0406

B-2 20.4 0.094 0.0932 0.0487 0.0290

C-3 20.5 0.026 0.0260 0.0131 0.0078

D-1 20.4 0.096 0.0953 0.0498 0.0297

4. REEHEYICP 34 -

Table 4 ICP analysis of superficial contaminants.

SHEE | HSE @] Mgo | Nao Zn0O Si0, K,0O Fe,0, Ca0 ALO;
Cl 0.0504 1.41 475 0.07 35.73 2.11 2.7 2.68 6.26
C3 0.0142 0.91 3.55 021 36.35 4.12 2.93 2.11 6.59
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W5 e T F2

B+ ha

e |

BEYIRE T KM (HO) 2 -
Table 5 Hydrophobicity classification in STRI.

2005 F- 6 H

EE AR TR Ak 6 =

80°

IR BT K, A AR K S0° < 6, <80°

S AR AR SR, A B K IR 20° < 6, <50°

B EMrZEE

HFEB LK RAIR BRI AOR( 0, = 0°) » SE R IR <2 em’ » HAMRFER < 90%

HETE 2 IRAER > 2cm’ - LRI < 90%

FRRTEHE > 90% >

AT ERE RN SRR E R

BN R e RV g R S

B T B PP DA

3t : 6, B%EA(Receding Contact Angle)

6. R RS -
Table 6 Hydrophobicity classification of polymer insulator.
%5 | A1 ] A2 | B-1 [ B2 | C-1 ]| C2[C3[D-1] &l ] F-l
HC | — | 6 | — | 6 | — | 4 [ 4| 6] 45
7. BOB TR -
Table 7 Results of polymer insulators power test.
Mo A e EH HWINER PG ERE {5t
1000 VDC 3KV/sec A.C .
A2 | &#® | min gf lxgv :‘C 3 R 2‘8’25 .
3.8GQ s 93.1 KV 070 R
1000 VDC 3KV/sec A.C .
B2 | i |1min oo poasm 00
3.18GQ s 91.0 KV b
1000 VDC 3 KVisec A.C \
. . . > 20.5
c3 | % [1min P P = N ol i
69.0 GQ LI 79.9 KV ore ™
1000 VDC 3KVisec A.C .
D1 | F& |lmin SORVAC b igé/c .
3.04 GQ Shts 82.8KV o
1000 VDC 3 KV/sec A.C o
E-1 iR |1 min ?;39 6'?" /’\“C 3 RS 2225 .
>101 GQ OTH 854 KV B
1000 VDC 3 KV/sec A.C )
U | SR |1 min S pamam 20
>101 GO i 953 KV o
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1 B HIT -

Figure 1 Field investigation.

[Ei A-1 KRN - fiE(3 B-1 £t -
Figure 2 Sample A-1. Figure 3 Sample B-1.

fi C-1 £ -
Figure 4 Sample C-1.
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Bigh i RS T 20054860

f&lS C-2 Beh

Figure 5 Sample C-2.

&6 A-2 BT - i C-2 Bty -
Figure 6 Sample A-2. Figure 7 Sample B-2.

fiEl8 C-3 Bl - & D-2 Kb -
Figure 8 Sample C-3. Figure 9 Sample D-2.
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i FTIR [@3 -

FTIR spectrum of new sample.

=10
Figure 10

=A

11
Figure 11 FTIR spectrum of (a) I * A-1, (b) ]

164
__liToPeak 291 7°C | IDSCPak a0 2°C
108 l —
4
New Sample
® mnscm#

[4)DSC Pogk 3328

[11DSC Pagk 2771

[11DSC Poak: 4871 °C.

WO M WD R WD F0 AU M0 D0
Vg b

)

A2

1822 204

80T 3YT

X0 16N W0 e A T8 XD

(@)1 * A-1 A5 > (b) 11 + A-2 #5565 FTIR &3 -

DSC s(Wimeg)
*

T o

11 TG Maes Change. -95 78 %

45004C

7 1116 Pook 50057
-\‘ [117G Reswnt Masg; 7 sv‘(ssn(.t

200 500

0
Temperawie *C

i TG-DSC 43#7iE] -
TG-DSC figure of new sample.

12
Figure 12
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3 x % 8 ¥ 8 ¥ B 3 &

13 (@)1 : A-1 555 - () 11 1 A-2 55 TG-DSC 47471 -
Figure 13 TG-DSC figure of (a) I : A-1,(b) II : A-2.

14 HranAefl SEM FHAR(E -
Figure 14 SEM morphology of new sample.

HCS
fel1 5 STRI /K MEFFAHATHE -
Figure 15 Hydrophobicity classification in STRI.
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16 AN RE AR B ke B A .

Figure 16 Power test facilities and layout.

fel 17 kil B-2 SN UIE G -

Figure 17 UV corona image monitoring of B-2.

[El18 iR s BRSBTS I -

Figure 18 Artificial contaminants figure in UV corona

image monitoring.
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Biek It S hEFE I 2005F6H

E19 Fiih A-2 ESDD S5l Sl Ba il /e #2580 (0.35 mg/em’) -
Figure 19 Artificial contaminants figure in UV corona image monitoring of
Sample A-2.
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