CHAPTER V.

DATA and RESULTS.

5.1 Dry Flashover Voltage.

The dry flashover voltage values were shown in tables
5¢1 = 5.5. Each unit of sampled insulators was read repeatedly
about 15 readings, and the average values were determined
which showed in the lowest row. The lowest flashover voltage
value of each type was assumed to be the mean of six average
values.

A dry flashover testing on the suspension insulator
type S = 3 and the pin insulator type P = 3 could not be
made owing to the capacity of A.C. voltage was not available.

For the pin insulator type P - 1 has a flashover
voltage by average about 66 KV; type P - 2.1 about 9,2 Kv,
type P - 2 about 120.7 KV. and for the suspension insulator
type S - 1 about 80,8 KV. and 83.6 KV. for type S - 2.



TABLE 5.1

Dry Flashover Voltage on Pin insulator type P-1

Temperature 24.5 %

Flashover Voltage KV.

1 3 3 4 TR
1 68.5 66 66.5 ©8.5 67 o4
2 06 63 66 66 65
5 66 63,5 66 ©7.5 66 65
4 67.5 65 65.5 6C.5 67 66
5 67 65.5 66 6.5 67 o4
6 (315) 66 4.5 67 66 o=
7 65.5 655 65 675 66 66
8 675 65:5 65.5 675 67 65
9 5.5 65.5 65.5 60 67 66
10 &> 66 66.5 67 e/
11 66.5 65.5 66 67 66 66
12 66 (553 o7 67.5 65 67
13 66 67 65.5 67 ' 66 65
14 67 6.5 66 66 66 65
15 | 65.5 65.5 | 66 _67.5 | 65 | 65 |
laveraze kKv.| 66.4 | 65.5 | €5.8 | &7 66.3| 65.2

Final average = 66.0 KV.
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TABLE 5.2
Dry Flashover Voltage on Pin insulator type P-2.1
Temperature 22.5°C

- Flashover Voltage KV.
p 0 2 3 A 2 A<l
1198 % M 28 97 92
2|96 % 93 28 926 94
519 96 92 98.5 | 98 920
4 |98 96 89 98 97 91
219 95 89 928 96 920
6 | 9% 96 88 98.5 | 96 20
7|96 96.5 o4 96 %6 95
8|96 o4 89 97 97 93
9|97 925 89 96.5 | 95 %4
10 | 98 %4 88 96.5 | 96 94
11 | 96 93.5 87 %96 26 93
12 |93 95 88.5 97 95 92
15 | 9% 95 88 28 97 92
% | 9% 95 88 96.5 | 95 92
12 195 96 89 97 96 21
Average KV.| 92-8 95 88.9 97.2 | 96.3 |92.3

Final average = 94.2 KV,
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TABLE 8§.3

DPry Flashover Voltage (Short time test) on Pin insulator
type P-2. Temperature 22 °C

Flashover Voltage KV,
1 2 2 4 2. e __
1 114.0 |124.0 | 125.5 | 123.0 | 115.0 | 120.0
2 116.0 |125.0 | 124.0 | 123.0 | 115.0 | 121.0
- 116.0 |125.0 125.5 121.0 117.0 | 121.0
i 114.0 |125.0 125.5 120,0 116.0 | 125.0
5 118.0 |125.0 125.5 122.0 118.0 | 12140
6 117.0 [124,0 [125.0 | 122.0 | 115.0 | 120.0
7 1M7.0 |124.5 | 125.0 | 122.0 | 116.0 | 121.0
8 17.5 |124.5 | 125.0 | 119.0 | 116.0 | 122.0
9 116.0 [125.0 | 124.5 | 118.0 | 116.0 | 121.0
10 117.0 [124.5 125.0 122.0 117.0 | 121.0
1M 116.0 [124.0 |124.0 | 121.0 | 116.0 | 121.0
12 116.0 |125.0 |124.0 | 121.0 | 116.0 | 120.0
13 116.0 (124.0 |124.0 | 121.0 | 116.0 | 122.0
14 117.0 |124.0 124 .0 120.0 116.0 | 121.0
15 A18.0 [124.0 | 125.0 | 122.0 | 118.0 | 121.0
E?erage Kv. 1161 [124.5 124.7 1211 116.1 | 121.0

Final average = 120.7 KV.



TABLE 5ok

Dry Flashover Voltage (KV) on Suspension insulators

type S-1. Temperature 21.5 %

Flashover Voltage KV,
1 2 3 4 5 6
1 82.0 75.0 80.0 79.0 81.0| 80.0
2 83.0 83.0 80.0 80.0 79.0| 80.0
5 80.0 81,0 80.5 81.0 80.0| 80.0
4 8%.0 82.0 81.0 81.0 80.0 | 79.00
5 82.0 7540 81.0 80.0 80.0| 79.5
6 82.0 82.0 81.0 79.0 78.0| 80.0
7 81.5 83.0 83.0 78.0 79,0 795
8 82.5 82.0 81.5 81.0 81.0| 79.5
9 82.0 82.0 81.0 80.0 80.0 | 30.0
10 835.0 82.0 82.0 80.0 80.0| 80.0
11 82.5 81.5 81.0 80.0 79.0 | 80,0
12 82,0 81.0 81.5 79.0 80.0 | 79.0
13 82,0 81.0 81.5 81.0 80.0 380.0
14 81.0 81.0 82.0 80.0 80.0| 80.0
15 81.0 82.0 85.0 81.0 81.0| 79.5
|Average KV. 81.8 80.5 81.3 80.0 79.8| 81.0
Final average = 80.8 KV.



TABLE 5.5

Dry Flashover Voltage(KV) on Suspension insulators

type S5~2. Temperature

21,5 %c.

Flashover Voltage XKV.
1 2 3 4 5 6

1 88.0 78.0 84.0 85.0 80.0 | 8%.0

2 85.0 82.0 85.0 85.0 81.0 | 82.0

3 80.0 82.0 85,0 84.0 81.0 | 84.0

L 88.0 8540 84,0 82.0 82.0 | 83.0

5 86.0 81,0 86,0 86.0 81.0 | 83.0

6 | 88.0 | 8%.0 | 82.0 | 85.0 | 83.0 | 83,0

7 88.0 | /82,0 | 83.0 85.0 82.0 | 83.0

8 87.0 82.0 34,0 84.0 82,0 | 81.0

9 88.0 8%.0 85,0 83%.0 82.0 | 8340

10 88.0 81.0 85.0 86.0 81.0 | 820

11 88.0 8%.0 85.0 85.0 80.0 | 82.0

g 88,0 81.0 87.0 85.0 81.0 | 82.0

15 87.0 85.0 86.0 84,0 82.0 | 83.0

14 85.0 8%.0 86.0 85.0 82.0 | 83.0

15 86.0 82.0 85.0 86.0 81.0 | 83.0

lAverage KV, 85.9 82.0 84.7 84.8 8145 82.8
Final average = &83.6 KV,
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5.2 Effect of Preraining.

The time of preraining is a problem which one who
makes a rain test have to consider, Generally according to
the specification in the standard a minimum time of preraining
on the test object is between 1 and 5 minutes in order to
ensure that the test object become a stabilized condition
of wetting.

The wet flashover voltage (short time test ) as a
function of time preraining were shown in table 5.6 to table
5.12. As the flashover of insulators in rain test is
dependent upon the wet condition of surface, a constant
flashover voltage cannot be expected, so that the values
may be represented by the mean of at least four samples at
the same conditions,., The variation of flashover voltage on
insulators with time are shown clearly in graphs corresponding
to each type of samples.

The variation of flashover voltage with time on pin
insulators type P - 1 shown in graph sheet No. 5.1 has the
highest mean value = 41,1 KV. at 0.5 minute and the lowestlu
mean value = 31.3% KV; hence the difference between both
values = 28.% %. The maximum average value of flashover
voltage being about 41.1 KV. at t = 0.5 , has decreased to
3%.0 KV. after 14 minutes of raining.

For the pin insulators type P - 2, the variation of
flashover voltage with time as shown in graph sheet No. 5.2.

has the highest average value about 60.8 KV. at t = 0.5 min.
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and decrease to 37.5 KV. after 11 minutes of raining. The
difference between the highest average value and the lowest
average value is about 57.3 % . It was seen that the
percentage different, highest and lowest value of pin insu-
lator type P - 2 is more than type P - 1. Moreover the raté
of decreasing flashover voltage on type P — 2 is faster
than on type P — 1 at a few minute after raining .

The variation of flashover voltage with time on the
pin insulators type F - 2.1, whieh has the shape and feature
like to the pin insulator type P = 1 is shown in graph sheet
Nol 5.3 . The percentage different between the highest
average value and the lowest dverage value is about 34 .9%.
The maximum average valué of flashover voltage is about 55.4KV.
at t = 0.5 minute and dec¢rease to 39.8 KV. after 4.5 minutes
of raining.

From the table 5.9 the variation of flashover voltage
on the pin insulators type P - 3 with time is plotted as
shown in graph sheet No. 5.4 . It .is seen that after 3
minutes of raining the flashover voltage decrease to nearly
constant value. The maximum average value is about 75.8 KV.
and has the percentage different between highest average and
lowest average value about 30.4%.

The other sample of insulators in this testing are
suspension type . The relation of flashover voltage and
time is shown in graph sheet No 55. The maximum average
value is about 94.3 KV. which is different to the lowest

average value about 13.8%. It takes about 3 minutes after
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raining for a constant flashover voltage is obtained.
Howewer, the flashover voltage which mention above
are carried out under medium size of rain drops. The varia-
tion of flashover voltages with time under small size of
rain drop are also investigated on the pin - insulator type
P -2 and P - 3; as shown clearly in graph sheet No.5.6
and 5.7. For the pin insulator has the percentage different
between highest average and lowest average value about 19.5%,
for type P = 2 and 13.7 % for P -~ 3. It is shown that the
percentage different on P - 2 is more than on P = 3 which
corresponds to the effect of time preraihing under medium
size of rain drops.
It may be stated that the suspension type S - 3 has
very little of its surface covered against the rain and
also having a simple shape, so that the surface of insulator
may be easy and rapidly in wetting, and thereafter nothing
more happens; so that it causes a small percentage different
between highest average value and lowest average value. The
other insulator is more complicated, such as pin insulator
type P - 2., Owing to its shape, it takes a long time for
raining in order to make the underside of the insulator has
been wetted; by this reason the variation of flashover voltage

is caused so much.



TABLE 5.6
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Wet Flashover Voltage (KV) on Pin insulator type P-1

as a function of time

Medium Size of rain drop

Time Flashover KV
Preraining Average
min 3 2 3 Iy 5
05 4,0 41.5 | 40,5 39.0 40,5 k1.1
1.0 36,0 39.0 | &0,0 35.0 37.0 37.1
1.5 38.0 36,0 | 36,0 31.0 33.0 34,8
2.0 35.0 38.0 | 37.0 32.0 33.0 35.0
2.5 36.0 37.0 | 36,0 32.0 3345 34.9
3.0 36.5 36.5 | 3645 33.0 35.0 355
3.5 35.5 33.0 | 36.5 31.0 33.0 33.8
4.0 35,0 36.0 | 34,0 34,0 34,0 34,6
4.5 38.0 35:0 | kel 32.0 34,0 34,0
540 37.0 35.0 | 3%,0 34.0 33.0 4.6
6 36.5 34%.0 | 38,0 38.0 35,0 36.3
7 35.5 37.0 | 33,0 34,0 3445 34.8
8 36.5 31,0 | ' 310 38.0 34,0 34,1
9 33.0 34.0 | 33.0 33.5 33.0 33.4
10 34,2 34.0 | 32,0 34,0 33.5 33.6
11 34.0 35.0 | 33.0 33.0 32.5 33.5
12 33.0 33.0| 32.5 33.0 32.5 32.8
13 32.5 33.901 33:0 34.0 33.0 31
14 33.0 34.0| 32.0 34,0 32,0 33,0
15 34.0 33.09] 33.0 3%.0 33.0 33.2
Final average = 3%.3 KvV.

The difference between highest and lowest

28,3 %
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TABLE 547
Wet Flashover voltage (Kv) (short time test) on Pin

insulator type P-2 as a function of time

Medium of size of rain drop

Time Flashover Kv
Preraining Average
(min) L 2 3 L4
OeH 61.0 6045 60,0 61.5 60.8
1.0 54,8 58.0 48.0 54,0 53.8
125 47.0 46,2 %¥3.2 46,8 45.9
2.0 4,5 43,2 42,0 45,0 43.7
245 43,2 42,0 4L1.5 44,0 434
3.0 41.5 41,0 40.5 42,8 414
3%5 40,5 41.5 40,0 42,8 41,2
4,0 41.0 | 40,5 3845 43,2 40,8
4.5 38.5 39.2 38.0 39.2 38.7
5 40.0 41,0 3745 42,0 40.7
6 38.0 39.2 38.5 40,0 39.0
7 375 38:5 38.0 38.5 38.2
8 38.0 38.5 4045 39.2 39.1
9 375 37.5 39.5 38.0 38.0
10 375 38.0 3745 3745 | 538.0
11 375 37.5 375 37.5 3745
12 37.5 37.5 3745 37.5 3745
13 37.0 37.0 37.0 37.0 37.0
1k 370 38.0 38.0 37.0 375
15 38.0 37.0 38.0 370 375

Final average = 41,6 Kv,.
The difference between highest and lowest value 57.3 %
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TABLE 5,8

Wet Flashover Voltage (KV) (Short time test) on Pin

insulator type P-2.1 as a function of time

Medium size of rain drop

119

Time Flashover KV
Preraining Average
(min) ¥ 2 3 Ly 5 6 &
0.5 51,0 | 49,0 | 55.0| 5448 | 55.5| 54.8| 53.4
1.0 43.0 | 48.0| 52,0 | 48.0| 49,0 46,0| 4¥7.6
1.5 38.8 | W5 49.0| 45.6| 47.0| 43.0| u&.9
2.0 44,0 | 43,0 44,5 | 43,0| 43.0( 43,0 43.3
2.5 43,0 | 42,0 | 43.,0| 4%2,0| 42.0| 42.0| L2,k
3.0 43,0 | ¥2.01 41.5| 4l.5| 4%1.0| 41.5| 41.8
3.5 42,0 [ ¥1,0| 4%1.0| 41,0| 41.0| 4%1.,0| 41,2
4,0 41.5 | 40.5| 4045 | 40.5| 40.5| 4%0,0| 40,6
4.5 41,01 39,0 39.0| 39:0| 41.0| %0.0| 39.8
5 38.8 | 39.0| 40,0 49.2| 40.5| 39.2| u4l.2
6 38.8 | 40.0| 41.0| 41,5| 43.0| 40.5| 40.8
7 37.5 | 40.0| 40,5| 40.5| 40.5| 40.5| 399
8 40.5 | 40.,0| 40,0| 40.5| 40.5| 40.5| 40.4
9 42.0 [ 40.0( 40.,0| 40.5| 40.0| 4%0.5| 40.5
10 40.5 | 40.0( 40,0 %0,0| %0.0| 40,0 40,1
11 39.2 | 40.0| 39.0| 41.0| 4%0.0| %0.0| 39.8
12 40.0| 39.0( 40,0 L40,0| 39.0| 40.0| 39.7
13 39.0| 39.0| %0.0| 40,0 4¥0.0| 40,0| 39.7
14 40.0| 40,0| 49.C| 39.0| 40.0| 39.0| 39.5
15 39:0 39.0( 40.0| 40,0| 39.0| 40.,0( 39.5
Final average = 41.8 KV.

The difference between highest and lowest value = 34.9 %
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TABLE 5.9

Wet Flashover Voltage (KV) on Pin insulator type P=3
as a function of time

Medium size of rain drop

Time Flashover KV.
Preraining Averagel
(min) 1 2 3 L 5 6

0.5 85,5 | 728[\\729 ) 79.5 | 73.0 | 71.5 75.8
1.0 71.5 | 69.3 | 690 72,5 | 70,0 | 60.5| 69.1
1.5 69.0 [ 62,01 61,5 | 65,0 | 67.0 | 60.0| 64,2
2.0 65.6 | 6040/ 63.0 | 60.5 | 6445 | 60.,5| 61.9
245 68.0 | 594/ | 60,0 | 60.5 | 62.6 | 59.2| 61.5
3.0 63.6 |60.0 1¥80,5 | 61,0 | 63.6 | 57.5| 61.1
3.5 63.0 | 615 | 59.2 | 60.0 | 63.0 | 54.6| 60,2
4,0 63.0 | 60,0 | 59,2'| 58,0 | 63,0 | 56.3| 60.0
4.5 65.0 | 60.5 | 98.6 58.6 | 63.6 54,6 60.1
5 63.0 1 58.6 | 58.6 | 58.0 | 63.0 | 56.5| 60.0

6 63.6 | 58.6 | 61.0 | 5942 | 62,0 | 54.6| 59.9
7 62.6 | 575 | 57.5 | 59.2 | 64.5 | 5%e6| 59.2
8 626 | 58,0 | 59.2 | 60,0 | 66,0 | 5440 59.9
9 63.0 | 59.2 | 58.6 | 59.2 | 61.5 | 55.0| 59.k
10 62.0 | 59.2 | 59.2 |1 58.6 | 62.0 | 57.0| 59.7
11 62.0 | 60.0 [ 59,0 | 58.0 | €1.0 | 54.0| 60.1
12 60.5 | 59.2 | 60.0 | 59.0 | 61.0 | 55.0| 59.2
13 57.5 | 59.2 | 60.0 | 59.5 | 60.0 | 5%,0| 58.4%
14 58.0 | 59.2 | 59.0 [ 59.0 | 61.5 | 55.0| 58.6
15 60.0 | 59.0 | 59.5 | 59.0 [ 60.0 | 55.0| 58.5

Final average = 60,5 KV.

The difference between highest and lowest value = 30.4 %
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TABLE 5.10

Wet Flashover Voltage (KV) on String (2 units) of
Suspension Insulator type S-3 as a function of time

Medium size of rain drop

Time Flashover KV
Preraining Average
(min) 1 2 3 -

0.5 100,0 97,0 89,2 91.0 9443

1,0 92,5 93.5 85.0 89.2 92,3
1.5 89.2 91.0 89.6 87.0 89,2
2.0 4.7 89.8 90,0 81.0 88.9
2.5 92.5 90,0 87.0 82.5 88.0
3.0 89.8 89.2 82.0 81.0 85.5
35 89.8 92.5 84,0 81.0 86.8
4,0 91.0 91k 82.5 82,5 86.8
4.5 85.2 8946 83,0 81,0 85.7
5 100,0 87.0 83.0 82.5 85.7
6 94,7 89.2 81.0 80,0 8643
i 89.2 89.8 82.5 81.0 85.7
8 91.% 95.0 77.0 82.0 85.7
9 93.5 87.0 83.0 79.6 85.9
10 89.2 89.2 80,0 82,5 85.3
11 89.2 89,2 87.0 82.0 86.8
12 89.8 89.8 79.6 80.0 84.7
13 89.2 89.2 78.0 79.6 84,2
14 89.6 89.8 7S .6 80.5 8L.8
Final average = 87,1 KV

The difference between highest and lowest value = 13,8 %
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TABLE 5ell
Wet Flashover Voltage (XKV) on Pin Insulators type P-2

as a function of time

Small size of rain frop

Time Flashover KV.
Preraining Average
(min) 1 2 3 4
0.5 46.6 46.0 46.0 47,0 464
1.0 43.3 42.6 45.0 44,0 43.7
145 43.5 43.5 40,2 43,0 42,6
2.0 41.5 40,2 38.5 41.0 40.3
2.5 41.0 40,0 38.5 42,0 L0 L
340 42,0 43,2 39.0 40,0 41.1
3.5 41.5 40,2 38.0 39.0 39.7
4.0 41.5 40.0 38.5 37.0 39.2
4.5 42,0 41,0 38.0 39.0 40.0
5 4352 42,0 38.0 39.0 40,6
6 40,2 40,2 38.0 37.0 38.8
7 41,5 41.0 38.5 38.0 39.8
8 41.0 42,0 38.0 39.0 40,0
9 43.0 41.5 38.5 39.0 40.5
10 41,5 40.2 39.0 38.0 39.7
11 41.0 41.0 37.0 38.5 39.4
12 41.0 41.5 39.0 37.0 39.4%
13 40.5 4Q.5 39.0 375 39.4
14 %1.0 41,0 38.0 37.0 39.2
15 40.0 42.0 37.0 37.0 39.0
Final average = 40,4 KV,

The percentage different between highest and lowest

value = 19.5 %



A

(SpNUIL )

uoL Jo woryodyddp 13440 3wy

| ~S_# € 21 n o __w e < 9 g m.w. ¥y 8t m sz 2 nh_ | m.w W
| _ s
|
: e
TR 7% Wl . !
R = Y P .
* a _ x o x >
o x + . > “ w »
] 2o a . ——— 2y
| 1 | - - <9% T
¢
o W} $0 uoipuns v so Z_H m&b SA0jpjnsuj] U0 T nnma
| | (Is342ui Hoys ) IDVITOA MIAOHSYA S
- 9:G ON 133HS _ k 3
W >
Gt r* 1:#4 == 2L [E— -i'#-*t :.‘,!-I: i ey S k.
m. & | .




127
TABLE 5,12

Wet Flashover Voltage (X¥) on Pin Insulators type P-3
‘ as a function of time

Small size of rain drop

Time Flashover voltage Kv,
Preraining Average
(min) 1 2 3 L
0.5 64,0 7440 70.5 71.5 70.0
1.0 66,8 75.0 69.5 82.0 732
1.5 68.0 755 67.5 70.0 7033
2.0 65.0 75.0 65.5 70.5 69.0
2.5 62,5 71.0 €75 69.0 67.6
3.0 63.5 69.0 64,0 68,0 66.2
3.5 66.0 70,0 61.0 70.0 66,8
4,0 71.5 69.5 61.5 68,0 67:1
4.5 665 63.5 64,5 675 65¢5
5 61.5 70.5 65.5 6748 6643
6 59.0 73.0 6%.0 6745 65.8
7 65.5 | = 69.0 70.0 67.0 67.9
8 62.5 70.5 69.0 715 68.4
9 64,0 70.0 66.0 66.0 66.5
10 63.5 66,0 635 70.0 65.9
11 62.5 66.8 62.5 70.0 654
12 62.0 66,0 63.0 6640 6443
13 62.5 65,0 62.5 67.0 64,3
14 61.0 66.0 62,0 66,0 63.8
15 62.0 66,0 63.0 67.0 64,6

Final average = 67,0 KV.
The difference between highest and lowest value = 13.7 %



S1

(Sapnuiw )

Puits jo uoyoddo o0 Wyl

S |

Pl €I
i ﬁ

21
T

B el
T

8

o4
N

-G |{ON L33HS

ﬂ&o% ulod jo uummu__o._:m )

Wi} J0 UoloUN} D SR ool wmb S40}o|NSU| uo
(1se} 3wl Hoys H JIOVITOA HIAOHSVY A

|

N

*
.8)

Q
w0
AM 26DIIOA 42AQysD/H




5.3 Effect of Period between Consecutive Flashovers.

The specification of ASA, usually the period between
consecutive flashovers shall be not less than 15 seconds
nor more than 5 minutes. In order to investigate this effect
the pin insulator type P — 2 and the suspension insulator
type 5-3 are carried out under small size of rain drops.

The flashover voltage corresponding the period of 12 seconds
and 60 seconds on both types are shown in table 5,1%. The
flashover voltage values under period 12 seconds are less
than the value under period of 60 seconds., The different
percentage between the average under period of 12 seconds
and the average under period of 60 seconds on both sample
of insulators are about 15.1% for pin type and 9.8% for

suspension type.

5.4 Effect of Size of Rain Drops.

The rain reaching the sample of insulator should have
the form of drops not jets. The different size of drops
are determined by observation which has "described clearly in

baen
Chapter IV article 4.2.

The size of the actual rain drops has the effect on
the flashover voltage . The investigation for this purpose
was carried out on the three types of insulator including
the type P - 2.1, P~ 3 and S = 3, The results of flashover

voltage according to the different size of rain drops were



TABLE 5,13
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Wet Flashover Voltage in difference of time interval

applied (12 sec and 60 sec) on Insulator

Small size of drop

No.of reading Medium Pin type Large Suspension type
12 sec. | 60 sec, 12 sec, 60 sec.
i 60 69 85 Pt
2 61 70 82 89
3 62 67 81 87
4 59 73 87 88
5 58 73 88 96
6 60 70 85 103
9 62 72 85 93
8 59 66 83 89
9 61 68 85 ok
10 60 67 83 100
11 62 70 85 99
12 63 72 83 9L
13 58 69 81 93
14 57 70 85 93
15 57 73 83 89
16 59 72 86 95
17 56 70 82 87
18 57 72 80 97
19 61 71 8% 103
20 60 68 86 88
Average KV. 59.7 70.3 84,0 93.2
% difference 15.1 9.8
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shown in the table 5.13.@),It is seen that the larger size
of drops cause the insulators have lower flashover voltage.
In the otherwords the flashover voltage of insulator under
large size of rain drops is less than under small size of
rain drops. For example the flashover voltage of the pin
insulator type P - 3 under the small, medium and large size
of drops are 67.7, 58.5 and 50.7 KV. respectively. The
results may be discussed that the larger size of rain drops
has the splashes more than the smaller size of rain drops
when it reaches on the surface of insulator. The rain falls
down on the lower surface of insulator then splashes up to
the underside of the upper surface that causes an arcing

distance to become shorter and yieldsatlow flashover voltage.

It is more distinguishable the effect of size of rain
drops on the flashover voltage in function of time between
the small and larger size of drops are compared in graph
sheet No. 5.8. The comparison graph shows that the smaller
drop condition gives the average flashover voltage higher
than the average values at larger drops. The difference

between both conditions are about 10. 2%.



TABIE 5.13 (a)

Average Wet Flashover Voltage (KW) on High Voltage

Insulator at Different size of Rain drop

Artificial rain from under ground water

Precipitation % mn/ sn,

ope of | Pin type P-2.1 | Pin type P-3 |Suspension type 53

Size drop |Small|Med.| Large|Small|Med.|Large|Small|Med. |Large
43.5 |40 30,6 | 69.0 [60.0| 51.3| 96.3|89.8 | 79.5
42,7 (39 [29.8 | 67,0 {59.,0| 51.5| 92.2/89.2| 81.%
43,0 |39 |30.3 [67.0 |59.5| 49.9| 99.7/82.5]| 81.2
40,2 (40 [30.% |65.% [59.0| 51.5| 98.9/87.0| 80.2
41.3 [39 [30.,0 [68,0 |60.0| 52.3(/100.0|83.0]| 79.6
44,0 |40 [ 30.4 | 6947 |55.0| 47.5|100,1(85.0| 78.0

Average KVL42.5"39.5 3042 | 6747 [5845| 5047 9845[86.1| 79.7

Note that these figures are

the average values which

have"taken from the data in the appendix

beem
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5.5 Effect of Rate of Precipitation.

The specification of rate precipitation is explained
clearly in chapter IV, article 4.2, and practical testing
has been shown in chapter I, article 1.5. The results of
variation flashover voltage according to the different of
rate precipitations are indicated in table 5.14(a),(b) and
(¢). The relation between the flashover voltages and the
rate of precipitation are shown in graph sheet No. 5.9.

It is seen from the curve that at a small rate of precipi-
tation the flashover voltage is so high and decreases as
the increasing of rate precipitation. It is also showed
that at rate of precipitation is varied. At the rate of
precipitation more than 3 mm. per minute the flashover
voltage decreases a little as the rate of precipitation
increases. For this testing the flashover voltage is about
89.2 KV. at 1 mm.per minute and decreases to 63,8 KV. at
3 mm., per minute and 62.3 KV. at 5 mm.per minute. It is
therefore resonable to specify a rate of precipitation
between 3 mm. per minute to 5 mm. per minute, because in
this range a flashover voltage is nearly.constant.

It may be discussed that at greater rate of preci-
pitation the flashover voltage is lower than at a very small
rate of precipitation, because the former causes . = more
of wetting on surface than the later condition. The other

reason is more density of rain may increase the conduction.



TABLE 5,1% (a)
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Wet Flashover Voltage (Short time test) on Pin Insulators

type P-3 at various rate of precipitations

(Medium size of rain drop)

Artificial rain from under ground water

Precipitation 1 mm/pin, 2.mn/nin, 3 m/pin,
Sample 5 & 2 3 y 2 3 4 2 3
9% (93 (196 |73 [70 | 74 |es 65 | 63
82 90 86 71 69 69 |62 |64 62
92 91 88 69 69 70 |64 |67 64
93 90 91 68 73 72 |63 |65 62
92 88 89 72 76 72 |63 |64 62
82 85 89 69 70 70 |62 |63 65
90 87 89 75 72 % |64 |64 64
93 87 90 A 75 75 |65 |63 6k
88 91 87 76 74 7% |66 |64 66
ok 88 87 74 75 69 |63 |62 66
88 88 92 76 70 70 |64 |66 65
88 90 85 74 69 70 |62 |66 63
89 89 86 73 73 72 |61 |65 65
3 | k| 8 | % %R %%
.| 8%8| 890| 88,3 73.0| 72.8| 71.B|63.4 |63 680
Average KV. -
89,2 72.4 63.8
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TABELE 5.1% (b)

Wet Flashover Voltage on Pin Insulators type P-3
at Various rate of precipitations
(Medium size of rain drop)

Artificial rain from under ground water

Precipitation 5 o B 7.5 "/ min.,

Sample y 2 3 1 2 3

61.5 | 62,01 61.0 | 61.0 | 59,0 | 59.0
61,07 7BL5 62,0 | 60,5 | 5845 | 60.5
62.5 {/63.0 | 61.5 | 60.0 | 58,0 | 60.0
6lL,5/|/63.5!| 615 | 59.0 | 58.5 | 5845
60,5 /| 6240 |1 62,5 | 60.5 | 58.5 | 5845
63. 0456054 63,5 | 60.0 | 58,5 | 58.5
63.5 | 61.0] 60.5)| 59.0 | 58.0| 60.5
63.5 | 61,5 | 630 | 59.0 | 59.0| 58.5
63.5 | 62,5 | 62.0| 60.0 | 59.0| 59.0
6RLONGIERRO LUNE3EEITP8.5 | 58.0| 58,0
61l.5| 63.5| 60.5| 60.0| 59.0| 58.5
63.5| 63.0( 63.5| 58,0 60,0 58.5
63.0| 63.0| 61.0| 58.5 | 58.5| 58.5
60,5 | 64.,0| 6345 | 59.0| 59.0| 59.0
64,5 64,0| 62,0| 58.0| 58.5| 59.0

62.3| 62.6| 62.0| 59.4%| 58.7| 59.0

Average KV.

62.3 590
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TABLE 5,14 (e)

Wet Flashover Voltage on Pin Insulators type P-3
at Various rate of precipitations
(Medium size of rain drop)

Artificial rain from under ground water

E;ecipitation 10 mm/p i, 15 mi/psn,
Sample L 2 3 : 4 2 3

58 58 B7—1 S¢S | 5540 | 53.9
56 58 56. 1 5540 | 54,0 | 55,0
56 5% | 56 54%.0 5440 | 54,5
57 55 56 | 5540 | 5540 | 545
55 56 55 5%¢5 5%e5 | 55.0
57 56 56 5640 | 5445 | 5%.5
56 56 56 | 55.0 [ 55,0 | 55.0
56 57 55 M 55,0 | 5440 | 55,0
55 56 56 5900 | 5We5 [ 5%e5
57 57 59'VHNSRY | S¢S | 54,0
57 57 57 | 59540 | 5465 | 5.5
57 56 57 | 945 | AT | 5540
56 5% 56 54,5 | Shed | 5540
59 55 57 |. 550 | 5540 | 55.0
57 56 7 | 535 | 95 | 4.5

56+5| 56.1| 5643| 5443 | 5He3 | 5446
56.3 5%e5

Average KV,
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The otherhands the water become a conductor yields the flash-

over voltages are lower at the greater rate of precipitation.

of
5.6 Effect of Angle Incidents of Rain.,

In practical rain test, usually the rain falls about
45 degree amgle on the test object. There are many directions
of the actual rain falling, therefore the effect of various
angles inclination were carried out. It is convenient to
keep the direction of rain to be constant and then rotates
the sample of insulator to obtain a certain position.

The results of variation flashover at various positions
are shown in table 5.15 and 5.16. The average values for
each position is plotted in graph sheet No. 5.10 and 5.11.
The pin insulator type p = 3 is tested under small size and
medium size of rain drops at positions of 90,60,45,30 and
zero degree angle with the vertical. Under both conditions
of rain drops the maximum flashover voltage occur at position
of 60 degree angle; and decreases at the other position
(see the curves) which have the angles greater and less.
It may be observed that at the position nearly 60 degree,
the splashes of water on the surface of insulator are less
than the other position, especially at position of insulator's
flanges are parallel with the direction of rain. In the later
position, the more surfaces of insulator are easy in wetting

that cause a flashover at low voltage.



Wet Flashover Voltage on Pin Insulator rype P-3

TABLE 5.15

In function of angle of inclination

Small size of rain drop
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Angle of inclination in degree

+90 +60 +45 +30 0 =30 =15
80.0 94.0 88.5 Th 63.0 66 L5.0

| 77,0 8245 90.0 72 62.0 65 43.0
| 770 93.0 85.5 70 62.0 58 43.0
78.0 5 8245 69 60.5 61 Lid5
775 93.0 86,0 73 575 62 L3.5
80.0 8245 86.5 69 58.0 61 L1.5
8045 91.0 8545 f 60.0 74 L2.0
81.0 95.0 83,0 76 61.0 66 41,0
80.0 Oh o5 85.0 77 60.5 6l 43.0
81.0 88.5 8645 75 595 61 43.0
79.0 95.0 87.0 73 5945 60 43.0
79.5 88.5 85.0 78 59.0 61 41.0
80,0 88,5 87.0 75 58.0 62 4245
80.0 89.0 88.0 75 57.0 60 43.0
78.0 91.0 82.5 78 55.0 62 42,0
Average| 79.1 90.8 85.8 741 | 5945 62.8| 42.7




TABLE 5,16
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Wet Flashover Voltage (Short time test) on Pin Insulator

type P-3 in function of angle of inclination

Medium size of rain drop

No.of reading

Angle of inclination in degree

+90 +60 +45 +30 =45 -30 | O

) 43.0 | 82.0 | 76 70 55,0 | 56 (57
2 43,0 79.5 72 70 55.0 | 5% |56
3 43,01 /77.0 | 70 68 54,5 | 5% (56
L4 42,0795 | & 67 54¢5 | 56 |56
5 41.0‘ 80.0 | 73 65 55,0 | 59 |56
6 Y1.5 | 77.0 | 72 66 5340 | 55 |59
7 W,0f 74,0 73 66 54,0 | 54 |57
8 4350793073 68 5440 | 55 |56
9 43.0| 79.0| 73 68 54,0 | 55 |56
10 W10 2791 72 67 53.0 | 5% |59
11 815 1 790 72 68 5540 | 5% |55
12 43,0| 78.0| 72 6l 54.0 | 54 |55
13 42.0| 79.0| 73 67 5%.0 | 54 |56
14 43,0 78.0| 71 70 5440 | 55 |56
15 42.0| 78.0| 73 70 53.0| 55 |56

Average KV, 42,%| 78.3| 72.4] 67.4| 54%.1| 5W%655.9

==
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5.7 Effect of Resistivity of Water.

In fact the actual rain has a high resistivity. The

" comparable resistivity of water which changes according to

the temperature are shown in the graph sheet No.4.1 In order
to investigate the effect of different resistivity om flash-
over voltage, the two kinds of water, underground water and
the water from the water supply are used. The properties
of the both kinds of water are explained clearly in chapter IV.
The string of suspension insulators type S - 1, S- 2
and S - 3 are the sample for this testing. The results are
shown in table 5.17, 5.18 and 5.19 . By this testing the
potential gradient or potential distribution and the efficiency
of a string can be determined.
From the table 5,17 - 5.19, it is seen that a high
resistivity of water gives a higher flashover voltage than
a lower resistivity . It may be stated that the underground
water has a more conductivity, so that the resistance between

the conductor to ground become lower.

5.8 Potential Distribution.

5.8.1 A String of Suspension Insulators.

The string of suspension insulators were tested in
the vertical position. The results are shown in table 5.17-
5.20. The maximum number of units are 4 units in a string,

It is seen that the flashover voltage across each unit of



TABLE 5,17

Wet Flashover Voltage (Short time test) on Suspension
Insulators type S-~3 at different resistivity of water
Medium size of rain drop

Artificial rain from under ground water

and water supply
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~Under ground water hater supply

Number of Unit 1 2 3 1 2

48 9040 126 51.0 94,0
46 88.0 124 4S 0 92.0
W7, T B7.5 124 48,5 | 92.0
47 88,0 124 4940 88.0
88.0 122 4945 87.5

48

46 88,0 125 4845 91.0
L6 89,0 125 48,0 90.0
46 8745 126 4845 90.0
47 8640 125 4940 90,0

47 8745 124 49,0 93.5
46 88.0 126 | 48.5 8745

48 8640 123 49.0 87.0
49 8540 125 48,0 9345
48 88.0 124 48,0 91.5
kg 87.0 124 4840 91.5

Average KV, 47,2 87.5 124,2( L48.8 90k

Efficiency % 9247 8745 92.6




|44

TABLE 5.18
Wet Flashover Voltage (Short time test) on Suspension
Insulators type S-1 at different resistivity of water
Medium size of drop
Artificial rain from under ground water

and water supply

Under ground water Water supply
Number of Unit i 2 3 7 X 2 3

275 50,0 | 75.0 | 30.5 | 58.0 | 81.0
27.0 49,0 | 7245 | 30.5 | 56,0 | 80.5
27,0 8.5 | Z3v0 | 30.0 | 5740 | 81.5
27.5 52,0 | 72.5 | 31.0 | 57.0 | 82.5
27.0 5040 | 72.5 | 31.5 | 56.0 | 85.0
27.5 5RQt. 72,0 | 31.5 | 550 | 7845
27.5 49,0 | 71.0 | 31.5 | 56.0 | 86.0
27.5 500 | 78,0 | 31.5 | 56,0 | 81.5
275 WoLi5 N 065 | 31.0 | 55.0 | 81.0
27.0 50,0 [11\/73:0 7|y 31.5 | 56.0 | 81.0
2745 49,5 | 71.0 | 31.5 | 56,0 | 80.0
275 U85 | 72,0 | 31.0 | 5650 | 825
28.0 49,0 | 71.5 | 32.0 | 54.0 | 81.5
28.0 49.5 | 70.0 | 31.0 | 56.0 | 81.5
28.0 49,0 | 70.0 | 30.0 | 56,0 | 82.5

Average KV. 274 49,5 1 71.6 | 31,1 | 5640 | 8L.7

Efficiency % 904 | 87.3 90,0 | 87.5




TABLE 5.19

Wet String Flashover Voltage (KW) of String Suspension
Insulators type S-2 at different resistivity of water
Medium size of rain drop
Artificial rain from under ground water
and water supply

Pressure of water = 35 1b/;,2

Under ground water Water supply

Number of Unif 1 | 2 3 L 1 2 3

3640 | 65,0 | 91.0| 110.0 | 3845 | 63.0| 96.0
35.5/| 62.57] 85.0| 108.0 | 3845 | 61.5| 965

35.0 | .61.5| 88.0| 105.5 | 36.0| 61.5| 9.0
35,0 | 61.5| 87.0| 106.,0| 37.0| 60.5| 905
35,0 | 61.5| 89.0| 106.0| 37.0| 60.0[ 88.0

34.0| 61.0| 90.,0| 106.0 | 36.,0| 60.,5| 81.0

3%.0| 61.5| 85.0| 105.0| 35.5| 62.0| 94.0
4.5 | 62.5| 86.0| 106.0| 36.5| 61.0| 88.0

34,0 60,5| 82.5| 106,0( 36,0 62.0| 90.0
3%,0| 62,0| 82.,0( 107.0| 35.5| 60.0| 92.0
%,5| 62.,5| 84.0| 106.0| 36,0 59.0( 90.0
34,0| 61.5| 83.,0| 108.0| 37.0 60.5| 92.0

35.0| 61.5| 85.0| 106.0| 37.0| 59.5| 92.5
35.5| 62,0| 87.0| 108.0( 37.0/ 61.0| 92.0

Average KV. | 3%.8| 61.8| 86.1| 106.5| 36.8| 61.0| 90.9

Efficiency % 89.0| 82.6| 76.5 85.1| 82.2




insulator decreases when increase the number of unit in a
string; owing to the earth capacitances between the metal
fittings ( caps and pins ) of an insulator string and the
support. The potentials across the units adjacent to the
line conductor are greater than those across units nearer
to the supporting cross—-arm.

It is also seen that for a larger size of rain drops
gives a little higher efficiency of a string than that a
smaller size of rain drops. The results have been shown in

table 5.20.

5.8.2 Pin Insulator in Parallel.

The pin insulators type P - 5 are tested in parallel
connection as shown in Fig. 4.28. The results shown in
table 5.21. are not different of flashover voltage between
the one and two units in parallel. It is possible to say
that the parallel counection of pin insulator not change the

arc — over distance of insulator .




TABLE 5.20

Wet Flashover Voltage (KV) (Short time test) on String of

Suspension Insulators type S-3

at different size of rain drop

Precipitation = % mm/ ;.

The artificial rain from water supply

Small

Size of drop Large Medium

Number unit 1 2 1 2 1 2
48.0 83.0 51.0 94.0 52,0 | 100.0
4640 83.5 | 49.0 92.0 50.5 | 98.0
45.0 8540 48.5 92.0 5045 98.0
45.5 84,0 49.0 88.0 52.0 | 99.5
45,0 85.0 | 49.5 87.5 51.0 | 100,0
45.0 87.0 | 48,5 91.0 | 49,0 97.0
4,5 82.5 48.0 90.0 50.0 96,0
45.0 85.0 48.5 90.0 5045 98.0
4,5 88.0 49,0 90.0 51,0 95.0
4,5 85.0 49.0 93.5 49.5 97.0
44,0 87.0 48.5 87.5 50.0 97.0
45.0 88.0 49.0 87.0 5045 98.0
45.0 85.0 48,0 93.5 50.0 96.0
45,0 85.5 48.0 91.5 50.0 | 100.0
45.0 85.0 48.5 91.5 49.0 95.0

Average 45.1 85.5 48,8 90,4 503 [ 97.%

Efficiency % 98- 92.6 91.9




TABIE 5.21

Wet Flashover Voltage (Short time test) on Pin
Insulator type P=3
Medium size of rain drop, Angle of rain = 45°
Artificial rain from under ground water

No.of reading Unit No. 1| Unit No., 2 ﬁaggifein

1 56,0 57.5 5740

2 5540 5% 5 5540

3 5540 55.0 5640

% 55.0 535 5340

5 54%.5 52.0 5440

6 545 5045 5540

7 54,0 50.0 52,0

8 55.0 50.5 5340

9 52,0 52,0 51.0

10 5045 545 5440

11 52,0 5345 5540

12 52,0 5045 5240

13 52¢5 52.0 52,0

14 52,0 5340 5340

15 52,5 50,0 5340
Average KV, 53+5 5246 5347




5.9 Comparison Dry and Wet Characteristics

The flashover voltage of insulators in wet conditions
are much lower than that in dry condition (ambient tempera-
ture). In table 5.22 shows the ratio of wet flashover voltage
to dry flashover voltage has the maximum ratio about 0.53 and
the lowest ratio is about 0.38

TABLE 5.22

Average Flashover Voltage Characteristics of Insulators

P-1 P-2.1 P-2 S-1 5=2

dry| wet| dry| wet] dry wely dry| wet dry| wet

34,0| 95.8| 49.9[116.1 53.20 81.1| 31.5| 85.9| 38.5
33.0| 95.0| 49.2| 124.5] 52.7| 80.5| 31.0| 82.0 39.0
33.0| 88.9| 49.2|12%.7| 50.5 81.3| 30.0| 84.7| 37.0
4.0 97.2| 49.6|121.1] 52,1 8040 30.5| 84.8| 36.0
33,0 96.3| 49.1|116.1] S4%.4 79.8| 31.0| 81.5| 35.5
33.0] 92.3| ¥9.4{121.0| 52.7| 81.1| 31.0( 82.8 37.0

33.1] 9%.2| 49.5(120.7| 53.2] 80.8| 30.9| 83.6| 37.1

0.50 0.53 0.4kt 0.38 0.4%
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