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CHAPTER V
DATA AND EXPERTVMENTS

Impulse Voltage Testing Plant
R,

e

Completed circuit diagram for testing purpose.
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Explanation of the Diagram

AC supply mains

Potentiometer

"High voltage transformer

Charging equipments
Measuring resistance
Limiting resistance
Movable insulating rod
Impulse generator
Earthing device
Resistance potential divider
Capacitance load
Measuring sphere gaps
Gaps controlled motor
Oscillograph

Control desk



Electrical Data

A, Impulse generator

Cs = impulse capacitorss Type CP 231 E00104 M, NTK, JAPAN
% Oel iF / 10 KV + 10 %
Rc = ocharging resisters. Type Wire-wound 5-W.
10 K-/ 10KV +10 %
Re = discharging resistors. Type wire-wound 25-W.

88745 -~/ 10 KV + 5 %

R, = internal damping resistorss Type wire-wound 50-W.

d
& 54 </ 10 KV 4 5 %
30-"~/"10 KV + 5.7%
g€ = spark gaps. T;{rpe s#eel balls.
2.5 cn, diameter +1 %
R, = series resistor. Type wire wound 25-W
5 2800~/ 30 KV + 5 %
B. Charging equipments
Sel, 892 = Selenium rectifierss Type CR 212, RCA
maxepeak inversed voltage 10 KV
max, current at 20°C 1 A
A Cys C, = condensers. Type CP 231 E00104 M, NTK, JAPAN
-

0wl 47 / 10KV £ 10 %
Measuring resistor; Type, Carbon I1-W

277 M-~/ 10 KV + 20 %
Iimiting resistor. Type, Iiquid (Water)

Several megohms
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Earthing device., Type, hot stick with lead connecting to ground rod,

low impedance.

H.,V, Transformer. Type CSP/A 1 g8 50 Hzey Oil-immearsed. U.S.A.

C, Controlled desk

Main power supply

Potentiometer H

AC voltmeter s

DC kilovoltmeter :

Impulse voltmeter :

Rated voltage. L.V coils 240 - 480 V
H.V coil 12 KV

Power out sut 5 KVA

provided by push hottons with automatic circuit breakers

220 V AC 50 Hz.

Type Yamabishi Electric Cos., Ltd. JAPAN

AC voltage variaf;ion 0 - 240 V 50 Hz.

for main supplied voltage O - 240 V 50 Hz.

by means of a microammeter with a high series resistance

to indicate the DC charging voltage O -~ 8 KV

Scale O -~ HOMA

measures both positive and negative polarities of the

samples of impulse voltage taken from a resistor divider.

Accuracy : impulse wave to be recorded » 0.5 4S, error = 2%.
impulse wave to be recorded 0.2-0.5 mS,error= 3%.

Multiplying factors 1, 2, 4, 6

Precision moving coil microammeter used in conjunction with the impulse

voltmeter to measure the impulse voltage
Series number 331700/1

Calibrating value 0 - 200 V
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Oscilloscope (CeRe0O.) Type 565 Dual-Beam Textronix Inc. U.S.A.

Photographic cam@ra.

Gaps controlled motor.

D, Accessories

Response time = 0.035 MS.

Scales : X

O¢l =~ 10 usS/Div,
Y = 10 V/Div.

Type i(pda.x, Retina IV, 35 mm.

Lens 2,8 £ 50 mm

Single len reflex

provided with two closed up lens

Film. Type 400 ASA 20 Exposures, 35 mm.

For adjusting the measuring sphere gaps.

AC supply 220 V 50 Hz.

Resistance potential divider. Type wo/oA 55,3189 EML

Load capacitors

HAETELY & CIE AG 4000 BASEL 28, Switzerland

resistance values. R, = 7376
=16 o

Dividing ratios

Theoretical E;.g_tj_ﬁ_ = 98.2

580 x 169.,6 x 1
2715 % 6

BE0 170.,2 © 1
1773 x §

Positive wave

=

Negative wave

95.5

9545

Dividing ratio to be used = 95.5 Woth for positive

and negative polarities.
2CO oF / 350 KV + 10 %

2000 pF / 700 KV + 10 %
3000 pF / 700 KV + 10 %

4000 pl* / 700 KV + 10 %



Resistors- Type—wire—wound 25 W
181/ 32 KV & 10 %
2800 *-/ 32 KV 4+ 10 %
3075 <7/ 32 KV £ 10 %
7200 </ 32 KV + 10 %
Inductors. ZType air core, copper coils
5.12 «H / 32 KV + 10 %
Te42 uH /32 KV £ 10 %
RO 4E/ 32KV £ 1%
15.58/MH/32 KV + 1%
Measuriég Sphere gaps. Type copper aldoy, with one gap earthed
25 cm in diameter
Calculated and Experimental Da't; of 1/50 Wave

Calculated Impulse Circuit

L
3]

R/ = . (L
CRO

Fige 5-2 Impulse eircuit for 1/50 wave.



In figure 5-2,

C. = impulse generator capacitance

3
Rl = discharging resistance
R2 = series resistance
02 = Jload capacitance

g = spark - gaps
U = DC charging voltage

u = Impulse voltage

Calculated Data of 1/50 wave

Referring to graphical method in Chapter II

t, = 1 Hs.
t2 = 50/(-(8
+
—t. . 0.02
)
0/..91:' 2.96
'32 T
™ o 0,0146 w8t
— -~ . /'
i 91(:8
T -1
p  —4 SHS— = 2.96 /}Js
2 by
7 = 9745 %
c
"C":L = 1205
2
Cl = 0,025 uF
C, = 2000 pF
z
R o il = 192 ——
2 CGypPp
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2
¥ 2400 -
u -p. % -p_t
e o JER . o o]
= 0.882 U, (g OS0ME 8 L 036 4

The wave shape of impulse voltage & = 0,882 Uo ¢ ~0,0146% _ {-2.961: )

is plotted to scale in the graph-paper by the using of the calculated values in

table 5.
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Table 5 . Calculated vaiues for plotting equation

u = 0,882 (¢~O-0MEt _  =2.96%

(1) 2) € (4) (5). 4 (6)=(a)5) u=0.862(6)
u=0,882
ki 0.0146t | 2,96t |¢~0-0L46t| 2,96 |¢=0.0146% 6-0.014&%
,(,{S ) ‘ = (_f'2-96t ,-—2_.96'3 )
———  — i t‘
0,0 0,0000 | 0,000 | 1.000 1,000 0,000 0.000
0.1 0.0015 | 0,296 0.999 0.745 0.254 0.223
0.2 00029 | 0.592 0.998 04552 0,446 0,394
0.3 0.0044 | 0,888 0,996 | 0,411 0.585 0,516
04 0.0058 | 1,184 0,995 /| 04307 0.688 0.607
0.5 0.,0073 | 1.280 04993 | 0,228 0.765 0.675
0.6 0,0088 | 1.776 0992 0.170 0.882 0.726
0.7 0,0102 | 2,072 04890 0.127 0.864 0.763
0.8 0.0117 | 2,358 0,989 | 04094 0.895 0.790
0.9 0.0131 | 2,664 0,988 0.071 0.917 0.808
1.0 0,0146 | 2,950 0.986 0,052 0.934 0.825
18 0.0175 | 3,550 0,984 0.029 | 04955 0.832
1.4 0.,0204 | 44150 0.979 0.016 0.963 0.850
1.6 0.0234 | 4,740 0.977 0.009 0.968 0.853
1.8 0,0263 | 54330 0.975 0.005 0.970 0.856
2,0 | 0.292 54920 04970 0.003 0.963 04850
3.0 0.0438 | 8,880 0,957 0,000% 0.957 0.843
4.0 0.0584 | 11,840 ! 0,942 Heraeti 18 0,942 0.832
5.0 0.0730 | 14,800 | 0,930 & 1 0,930 0.823
640 0.0876 | 17,760 0.917 b 0,917 0.808
7.0 0.1022 | 20,720 0.903 — 0.903 04797
8.0 0.1168 | 23,680 0.888 = 0.888 0.783
9.0 0.1314 | 26,640 0.877 £r 0.877 0.773
10.0 0.1460 | 29,600 0.865 e 0.865 0,763
15.0 0.2190 | 44.400 0,802 = 0802 0.718
20,0 042920 | 59,200 0.749 - 0.749 | 04660
25,0 043750 | 744000 0.688 — 0,688 0607
3040 0.4380 | 88.800 !, 0,645 | — 0,645 | 0.569
35.0 0.5100 | 103,600 , 0,600 o 04600 04530
40,0 0.,5840 | 118,400 | 0,558 —- 0.558 04459
45,0 06570 | 133,200 | 0,520 — 0.520 0.423
5040 0,7300 | 148,000 .| 0,479 — 04479 04394
5540 0.8030 ! 162,800 | 0,446 e 04446 0.368
i
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Negalive mave (=12 us.
oz ;:;—.—:::.::::::3::&2.:‘*-—-..

Zﬂmtim wave &, =~ 1045

—— e Calculated wave.

b = = b Experimenta/ wa e,

0 | 1 1 |
I %
I ly «46.8 4. —— B
Wave-las/

Fly. 3 A'b/tm’ /’Mf and lﬂ// 9/ wave Wa&b); U= o.aa:/c"“‘f 5”‘7
representing a standard wunily-omplituce $5p wave, Us« /0.

Bl
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Experimental Data of 1/50 Wave

Measurements

D-C Charging voltage
Microammeter 4 x 5 KV (4 multi-stages)

Impulse voltage
Resistance potential divider : dividing ratio 95.5 (positive-ﬁegative vaves)
Impulse voltmeter : multiplying factor 4

CsR.0. scales X = 1, 10 ./(LS/Div.

Y 10 Vv / Div.

Experimental Wave Shapes

Polarity - positive wave

A, Scales X = 1 Jx(S/Div.

2 10 V / Div.

]

Duration of wave front t. = 1,0MS

i



Polarity - positive wave

scales X 10 u«S / Div.

!

p -

n

S0="V / Div.,

Time to half value of wave-—tail t2 = 53

.......................

Polarity - negative wave

-

S,

85



D.

hgc 5"4

Total DC charging voltage =

impulse voltage

86

Scales X = 1 48/ Div,

Y 10 Vv / Div.

Duration of wave-front tl

= 102.{-( So

Polarity - negative wave

Scales X

Il

10 18 / Div.

]

Y 10 V / Div.

Time to half-value of wave tail v, =

5 = 53/ £4S,

Experimental wave shapes of the calsulated impulse
circuit of 1/50 wave (u = 0,882 Uo( {—O" OV, € 9 )j,
showing the front and tail of waves for both positive

and negative polarities.

Efficiency
4 x 5 KV,
= 4x95.,5x30V = llf25 Kv.
v/ - -1—21-3‘2-5- = 56425 %
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Calculated and Experimental Data of 1.5/40 wave

Calculated Impulse Circuit

- R2
T4 © ’)9.’} 4 + ' gress: o "
Y
o i
G ~ T &
——y (RO
=
r Fig. 5-5 Impulse circuit for 1,5/40 wave
In figure 5-5,
Cl = impulse generator capacitance
Rl = discharging resistance
R2 = series resistance
L 02 = load capacitance
g = spark-gaps
Uo = DC charging voltage
u * = impulse woltage
" Calculated Data of 1.5/40 wave

Referring to graphical method in Chapter II

tl = 1.5 MS
1:2 & 40 /IAS
& .

.

t2 = 0,0375



:Uﬁl = 2..8
82 = 0474
% 0.0185 MS
P g ———— = «OL
1 1,
f*(’jl "
p2 = —'_—b"—‘— = 1,87 ALS
1
(n/ == 75%
%
o =P
2
cl - O.OQSJUF
C, = 3000 pF
1
R2 = e = 216 —~—
C
2 {pyP,
(0 4%,
R, =--5-1-- R, = 1800 —"
2
gl -p. T ~p,t
ul =2 = L _¢ 2
ofly PPy
- 0.3 U ({_-0.0185t % £-1.871:)

. =0,018 -1 87t
(t' 0185% " 7 )

The wave shape of the impulse voltage u = 0.835 Uo ¢

is plotted to scale in the graph-paper by using the caleulated values in table B



Table 6 . Calculated values for plotting equation
u = 0.835 (¢ ~0+0185% ~€—l.87t)
(1) (2) (3) 4 | (5 (6)=(4)=(®) u=0.835(6)
: - =0.0185% | w = 0,835 (
* | o.omss t| 1.7t |0-0185t] ~l.eTe € _1.87% | ¢=0a0185%
LS -7 S 187t
-7)
040 0,0000 0,000 1,000 1,000 0.000 0,000
0.1 0.0019 0,187 0.999 0.830 04169 0.141
042 0,0037 0.374 0.997 0.688 0.309 0.258
043 0.0055 04561 0,995 0.570 04425 0.355
0e4 0,0074 0.748 0,993 04474 04519 0.433
045 0,0093 0.935 0.992 04392 04600 0.500
0.6 0,0111 1,122 0,990 0.326 04664 04555
07 0.0130 1.309 0,989 0,270 0,719 0.599
0.8 0.0148 1.496 0,987 0.224 0.763 0.638
0.9 0.0167 1,783 0.985 0.168 0.817 0.681
1.0 0,0185 1,870 04983 0,154 0.829 0.692
y 1L 0.0222 24244 0,987 0.107 0.871 © 0,728
1le4 0.0259 2,620 0.976 0,074 0.902 0.754
1.6 0,0296 2,990 0.970 0.050 04920 0.768
1.8 0.0333 | 3,370 0,967 0,031 04936 0.780
2,0 0,0370 3,740 0,964 | 04024 | 0,940 0,785
3.0 0.0550 54610 0.950 | 0.¢03 0.946 0.789
440 0.0740 7.480 04932 0,001 0.931 0.778
540 0.0925 9.350 0,911 0,000 | 0:931 | 0,761 °
6.0 0.1110 11,220 0,897 INorsseetde! 0,897 | 0.748
7.0 0.1295 13,090 0.880 — “} 0,880 0.734
8.0 0.1480 | 14.960 | 0.863 - 0.863 0.721
9.0 0.1665 17.830 | 0.847 | — 0.847 0,705
10,0 0,1850 | 18,700 | 0,812 0.812 0.678
15,0 0,2775 | 28,050 | 0,758 | — 0.758 0,632
20,0 043700 | 37.400 0:690 | — 04690 0.577
25,0 0.4625 | 48,750 0.629 — 0,629 0.528
30,0 045550 564100 04575 —_— 04575 0.480
3540 0,6475 654450 04523 — 0.523 04437
40,0 0.7800 | 744800 04476 — 04476 0,397
45.0 048325 | 84,150 0,434 — 0.434 04362
50,0 0.9250 93 ¢ 500 04397 — 04397 0.332
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Experimental Data of 1i5/40 wave

lleasurements

DC charging voltage {ngi ;
microammater 4 x 8 KV (4-multi-stages) O
Impulse voltage
reg#lstance potential divider:dividing ratio 95.5 (positive-negative waves)
impulse voltmeter : multiplying factor 4

C.R.0, scales : X 1, 10 mS / Div,

]

Y 10 V/Div.

il

Experimental wave shapes

Polarity - positive wave

1 mS/Div.

1l

scales X

Y 10 V/Div.

1

Duretion of wave front tl =le53 MS.



Polarity - positive wave

Scales X = 10 @8 / Div.

p's 10 V / Div.

Dime to half value of wave tail %, = 45,048

A
e | | [ ]

Polarity - negative wave
scales X = 1 48 / Div.

P4 10 V / Div.

Duration of wave front t, =1.45M8

92
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Bolarity =~ negative wave

10 A4S / Div.

wn
o)
o
=
(0]
143
P4
i

D,
Nomy 10 INY/ Div,

Time to half value of vave tail  t, =3640 MS.

Fig. 5-7 Experimental wave shapes of the calculated impulse circuit

of 1.5/40 weve u-= 0,835 Uo ( ?

showing the front and tail of waves for both positive and

negative polarities.

Efficienty

Total DC charging voltage = 4 x 8 KV,

Average experimental impulse voltage for

Positive wave = 4 x 95,5 x 42V = 16 KV

Nesative wave = 4 x 955 x 42 V = 16 KV
Therefore '7posi‘l;ive wave ¥ SN %
= 50.0 %

q]negative wave
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Calculated and Experimental Date of 1/5 wave

Calculated Impulse Circuit

9 2

zi‘ :’L ——g) (> T ) L ¢

R

L)
§1
¥
i
L}
0

—> (RO

Fig, 5-8 Impulse cireuit for 1/5 wave.

In figure 5-8,

-
C impulse generator capacitance

'

discharging resistance

N A
I

= geries resistance

02 = load capacitance
g = spark-gaps
s DC charging voltage

u = dimpulse voltage

Calculated Data of 1/5 wave

Referring to graphical method in Chapter II

ty = 1 m8B
t, = 5. M8

2
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t
= = 0,2
2
46, = 1.78
6 = 1.2
(‘]2 -1
I = .24 S
"y %, Yedtt M
48 ' e
p, === = 1,78 MSt
2 t)
= 72%
¢
Loy 2
== 5 10
€5
C; = 04025 uF
02 = | 200 P
1
R = = 167 -+
i Clpl
Ry, = == = 2800
2P
u = = (€ TR )
b s

0.865 Uo (6’0024'& & €lo78t )

The wave shape of the impulse voltage u = 0,865 Uo (Q-0.24'b i 6—-1.781: )

is plotted to scale in the graph~paper by using the calculated values in table7 .



Table 7 o Calculated values for plotting equation

0,865 ( =0424% - -1.78'17)

u =
(1) (2) (3) (4) (5)  [(6)=(4)-(5] u=0.865 (6)
t : ; 0424t ju = 0.865 (
us | oz Togey  fee2t% | =L.T8% f[ 1,784 (024t ,~1.78
0.0 0,000 0,000 1,000 1,000 04000 0,000
0.1 0,024 0.178 0,976 0.838 0,138 0,120
0.2 0,048 04356 0,953 0,700 0,253 0.218
0e3 0,072 0.534 0,831 04587 06344 0,297
0.4 0.096 0.712 0.909 0,489 04420 0.364
0.5 0,120 0,890 04887 0.418 0,469 04406
0.6 04,144 1,068 0.875 0,344 0.531 04460
037 0,168 1.246 04844 0,288 0.556 0,480
0.8 0,192 1,424 0.828 0.241 0.587 0.508
0.9 0.216 1.602 0.806 0,200 0,606 04524
1.0 0.240 1.780 0,788 04,170 0.618 0.533
122 0,288 2,136 0.750 0,119 0.631 0.547
1.4 04336 24492 0.714 0,083 04631 0,547
1.6 0.384 2.850 0,680 0,058 0,622 04539
1.8 04432 34200 0,650 0,040 0.610 04528
240 0,480 3,560 0.619 0,029 04590 0,510
340 04720 5340 04476 00005 04471 0,407
440 0,960 7.120 04383 0,001 04382 04330
5.0 1,200 8,900 04300 0,0013 04300 04259
6.0 1,440 10,680 0,238 10,0002 0.237 04205
7.0 1,680 12,460 0,187  t¥éessEsiitd 0,187 0,162
8.0 1.920 14,240 0,147 — 04147 0,127
9.0 2,160 16,020 0,115 — 0115 0,099
10,0 24400 1%.800 0,091 —_ 0,091 0,079
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Experimental Data of 1/5 wave
lMeasurements

DC charging voltage

microammeter : 4 x 6 KV ( 4 -multi-stages)
Impulse voltage
resistance potential divider : dividing ratio 95.5 (positive-—negative waves
impglse voltmeter : multifilying factor 2.
CuR.0, scales X =1 A8 / Div.

>4 B=Y¥_/ Div,

1l

Experimental wave~shapes

Polarity - positive wave

A. scales X = 1 4S / Div.

¥

i

10 V / Div.

Duration of smave front tl =LeB #S.

Time to half value of wave tail t, = 5,2/uS.



Polarity — negative wave

B. Scales X = 1MuUS/Div.

H

Y =10 V/Div.
Duration of wave front tl — l.l_,US.
Time ‘o half value of wave tail 'b2 = 4.95 M S.
Figs 5-10 Ixperimental Wavc~shapes. of the caleulated impulse circuit of

1/5 wave u = 0,865 U (€ S il grreTon both positive and negative waves.
o ’

Efficiency
Total DC charging voltage 4 x 6 KV = 24 KV
Experimental impulse voltage for
Positive wave = 2 x 95,5 x 43 V = 8,2 KV
Negative wave = 2 x 95,5 x 43 V = 8,2 KV
Therefore
"'Ipositive wove = 34_'1 %

Mnegative wave 3441 %

99
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Chopped Impulse Voltage

Ko
i T i —
<= Al == g\Sf’s
> CR{ ?
Fige 5-11 Chopped impulse voltage testing circuit

C, = dmpulse generator capacitance

o

= discharging resistance

I e Tl o i e ——

R o
|

Q
1

load capacitance

sphere gaps

R
1

R Gharging voltage
u_ = chopped impulse voltage

t = Time to chopping

Measurement

Resistance potential divider :

viding ratio = 95.5 iy ol

Impulse voltmeter : Multiplying factor = 4
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Il

CeR.O. Scales X 1 AtS/Div.

Y

i

10 V / Div.

Experimental Data
C = O 502 5 3 u F
C, = 2000 pF

R]_ = 2400 ~d

24 ™ By TN
R2 = 192
U = o RV
Q
-y 4/x 95,5 x 38 V¥
=/ AALB——{KN
tc = 2.%3/.0 S

Fige 5-12 Chopped Impulse Voltage
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Voltage Efficieney of the Impulse Generator

Ra

% s naman 206 P ) CAFSIERE o w " Y U

|

1l

I

Tige 5-13 Testing circuit used to find the voltage effieiency

Impulse generator capacitance
discharging resistance

series resistance

load capacitance

measuring sphere gaps. 25 cme diameter
charging voltage

impulse voltage at standard condition
impulse voltage

air density correction factor

voltage efficiency

Experimental Data

Q
1

0,025 /uF

Q
1

2000 pF

H
L
1l
D
i
I
¢
!

102
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2400 e

g

B, = JQ2 ~*~

2
U = & KV
sparking distance S = 1 ems 50% Flashover.

polarity & positive
w & 31,7 KV
Lir density condition

P = 76702 mm.Hg.
t = 33,8%
H = 68%
04386 p

K& = 573+ %

= 0,965
U= gas = 328 KV
m = ho = bB8.6 %
.

Effect of G,/ C, Ratio on Wave~front

/
R,
o, Y el “
G :F R, = G

¢Ro

Fige 9= 14 Impulse testkng circuit for various load capacitances
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C, = dimpulse generator capacitance

4§
= discharging rcsistance
R2 = series resistance
02 = load capacitance
Gi. i
G- = ratlo of generator to load capacitance
2
U0 = charging voltage
u = impulse voltage

.. Measurement - ety
Resistance potential divider : dividing ratio = 95.5
Impulse voltmeter: Multiplying factor = 4

CeR.0, Scales X

i}

L8 ¥ Div,

¥ 10 V / Div.

Experiment Data

G2 0a025 /\}F

)

C, = 2000 pF and 4000 pF

)

e

2400." *

I

216 —~™

)

AR SN o
!

27.32 KV
= 4x95.,5x357V = 13.4KV

= 4 xXx95,5x32V = 12,2KV

n-

12,5, ‘bl = 1.2 48,

6.25 3 %

1

o = 2.0 M8,

P R F F



Tige 5~15 Wave-ghapes showing the effect of c1/02 ratio

on weve~front

Effect of Included Inductance on Wave-front

CRO

Fige 5- 16  Impulse t6sting circuit with included inductance

Q
-
I

impulse generator capacitance
Rl = discharging resistance

R2 = series resistance

105
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(3'2 = load capacitance

*l = included inductance

. Uo = charging voltage

u = dimpulse voliage !

tl 2 duration of wave-front
Measurement

Resistance potential divider : dividing ratio 95.5

Enpulse vol‘hneffz: multiply factor = 4 P F
R0, Scales X = 1 (§/Div,
Y /=104 ¥/ Biv,
Expe:!:'imental Data
C; = 04025 uF
02 = 2000 pF
R, = 2400 -
RO o
U° = ?7.32 KV
u = 2x95.5x307V
= 11,5 KV (avemgel_
L = 5'.12 _MmH j 'bl e //LS
p AR Ted2 _uH 3 By = 1.5 us
L .= 12,0 4iH t; = 1.85 48
L = 15.58 #H ; L = 2.0/u.S



107

"‘------"

Fige 5= 17 Wave—~giapes showing the effect of included

inductance on wave-~front
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Discussions and Conclusions
The discussions and conclusions can be stated as follow :—
1., The parameters R and C of the impulse circuits are obtained by the graphical
method. The calculated wave shapes, vhich are eompared to the standard wave

shapes, are given Below.

Standard waves Calculated waves Errors
Figures o
b (Ms) | t,(m8) |6 (u8) fo,(M8) | 5 (F) 1, (%)
5-6 L5 40,0 150 § 40.26 0 0465
5-9 1.0 =80/ 1.0 5.0 0 0

But a tolerance of not more than + 30 % on t, and 20% on t, is allowed,
so that, the graphical method is satisfied in thisthesis.
2. In figures 5~4, 5-7 and 5-10, the experimental wave shapes are obtained without

any oscillation. The errors, compared to the standard wave shapes, are given as:

Standard waves Experinental waves Errors

Figures Positive { Negative Positive Negative

t (u8) | t,(us)
f S T PR W ) ) e Y e

5-4 1.0 50,0 L0 F 55,0 1+1.22 53«0 0 6.0 | 20,0 6.0

. . % . , _ . |
57 1.5 4040 | 1453 | 45,0 | 1.45 | 46,0} 2,0 [12.5{ 3.3 | 15.0
5~10 1.0 5.0 1,05 S b ek 4,951 5.0 4,0 } 10,0 1.0

The errors are within the allowed tolerance.
3« The comparisons of the experimental wave shapes (dotted lines) to the calcula~
ted wave shapes (full lines) are also shown in figures 5-3, 5-6 and 5-9., The

differences of the times tl’ 'b2 and of the voltage efficiencies between them
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are well shown in table below:—

Calculated vmaves Experimental waves

Figures Positive Negative

i M I e e e ey

-

5-3, 4 1,02 |46.8 |85.6 |10 5340 | 56425 | 142 53,0 | 56,25
5-6, 7 1.50 }40.26 [78,9 |1.53 | 4540 5040 11.45 14640 50.0
5-9, 10 1.0 5.0 |54.7 11405 J 5s2 1 34e1 1.1 4495 |34.1

Y

4e

5e

The values of 4.

1

data are slightly different from that of the calculated data; becouse the self

and t2 for both positive and negetive waves of the experimental

inductance and the stray capacitance of the whole impulse circuit effect the
wave shapes of the impulse voltages. In addition, the performance of the ex-
periments may result some errors,

As in 3; the voltage efficiencies obtained by the experimental data are lower
than that obtained by the calculated data. Because the voltoe efficiencies

are limited by the seli" inductance and'the stray capacitance which tend to lower
the peak value of the impulse voltagesy and they are limited by voltage drops

in the high :pesistors and connecting leads between the various components of

the circuits. ’I'I}e high resistors are the series or damping resistor and the
resistor divider, Sometimes, the voltage efficiencies may be limited by the
attem@iion of the delay cable,

The measuring sphere gaps with 25 cm. in diameter is used in recording the out-
put impulse voltage should be mvoided in thié thesis; since the sparking dis-
tance of these gaps is at least 1 cm, s and the value of impulse vol'tg{;e, from
App#endix III; is 31.7 KV. higher than that (25 KV) of the generator. Therefore

the charging voltage of the stoge capacitors will be increased to 14-KV. in
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order to give 50% flashover voltage at the gapse. This 14-KV, charging vol-
tage may damage tlgese stage capacitors. However, the voltage efficiency is
obtained to be 5846%.

In figure 5-12, the chopped impulse voltage is obtained, by means of the
spark gaps. The impulse vqltuge is chopped on the wave~tail; and the time
to chopping is t.g, = 247 }4Se

In figure 5-15, with varying the load capacitance 02 s 2000 pF and 4000 pF,

conpares to the generator capacitance C s 04025 /iF. Both the duration of

1
wave-front (tl) and the mgnetude of the peak value of the impulse voltage

(&) are slightly veried corresponding to the deereasing ratio of 01/02.

That is, for a constant U = 27,52 KV; vhen the ratio 01/02 is 12,5, %y =

le2 MiSe and 4 = 1344 KV; but shen the ratio C;/C, is reduced to 6425, t; =
2,0 M8, and U = 12,2 KV,

In figure 5~17, with varying the series inductance L, the durations of the
wave-front (tl) of the impulse voltage have nonimal values for slightly dif-
ferent values of L; but the magnetude of the peak value of the impulse vol-
tage (12) varies little for the chosen range of I, for U, = 2732 KV, constant,
W is 1145 KV averages With L varies from 5,12, 7.42, 12,0 and 15,58 M H.,

tl varies from 1e3, 1.5, 1.8"3, and 2.0 S, respectively, A1l the waves are
obtained without oscilla.t:j.on. The critical oscillating condition j.s given by
R J-;-{.I’- g for R=2l62, C= -2-11:-:}_%2 = 0,00185 MF, L& 21,6 Mi,

In taking oscillagrans, the author uses the 400 ASA £ilm in recording the
experimental wave~shapes from the Ce.R.0.,y the wave-front is not clgar enough

in the negative film, and it gets lost in the positive oscillogram, In this

casey 1t isy for the author, better to rely on a hand-drawn reproduction in
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order to obtain the clear oscillogram, In other case, the polaroid film

of 3000 ASA is used, but this 3000 ASA poloroid is now absent from the markete
10 As a straight forward, the author likes to suggest ones who might study this

generatop to set the series inductance to a high value, so that the wave

will oscillatg, and then to vary the series resistance until the oscillation.

is danmped éuts 4150 ones would vary the discharging resistance and study

its effect on the wave<tail of the impulse voltages In applications, ones

should test any insulation by the impulse voltages of this generator in cmdéx

to study the characteristics of the insulationsa



APPENDIX I

A Tist of Impulse Wave Constants for waves of The General Form

g ( s 1 "th)
PR ke - £
g ¥
s 5,
e . ave A 8]
9.;.5._ 2,41 0,87 06174 4482
1 1.78 1,20 04240 1.78
5
1
- 2441 0,87 0,087 2441
L;:g 2.80 0,74 0.185 1.87
1
5 2.96 0.73 i 0.0146 2496
\ { b

The values of K depend on the circuit parameters R, L, and C of the various
impulse testing circuits.

The waves conform to IEC Pegulations, i.e. the fronts of the waves are l.67
times the time taeken for the voltage to rise from 30 per cent to 90 per cent of

the peak values.
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Values of {-x for the plotting of Impulse Waves

0.0 :-——4—--—4 b e pmetp b b § 040
Al 0 0,04 0,08 0,12 §,16 0,20 0,24 0,28

AZ 0e3 0434 0438 0442 0,46 0,50 0,54 0.58
B Q 004 0.8 1.2 106 200 2.4 2.8

C 300 304 3.8 402 406 500 504 508
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Breakdown Voltages in KV (peak) of Sphere-gap in air ~+ 20°C and

760 mn of Hg barometric pressure, for Negative impulse
voltages; one sphere earthed

Spherd

Sphere diameter{cm.)

sgggiJg 2 5 6425 10 |12,5| 15 25 50 75 | 100 | 150 | 200
0.05 | 2i8

0410 | 4.7

0.15 | 6.4

0420 | 8,0 | 840

0,25 | 9.6 | 946

0,30 | 11.2 |11.2

0440 {14.4 14,3 |14.2

0450 | 1744 |17.4 |17.2 |16.8 | 16,8 |16.8

0.50 | 20,4 20,4 {20.2 |19,9 [19.9 {19.9

0.70 {2342 |23.4 |23.2 {23,0 |23,0 |23.0

0.80 | 25,8 |26.3 (2642 {26.0 |26.0 |26,0

0,90 28,3 |29.2 {29.1 [28:9 |28.9 |28.9

1,00 [30,7 32,0 |31.9 |31.7 {31.7 | 31.7 | 31.7

1620 (35.1) 13746 [3745 | 3744 |37:4 |37.4 | 37.4

1.40 {(38,5) [ 42.9 | 42.9 {42.9 [42.9 | 42.9 | 43.9

1,50 1(4040)| 4545 | 45,5 |45.5 | 4545 | 4545 | 45.5

1.60 48,1 148.1 (48,1 |48:1 | 48.1 | 48.1

1.80 5340 [ 5345 (5345 |5345 15345 | 5345

2,00 57.5 | 5845 {5940 [59.0 |59:0 |59.0 | 59.0 | 59,0

2420 61e5 | 6340 | 6445 (6445 | 6445 | 6445 | 6445 | 6445

2,40 6545 | 6745 | 6945 {7040 | 70,0 | 7040 {70.0 | 7040

2.60 (6940)[ 7240 |74.5 |75.0 | 75.5 | 7545 | 75.5 | 7545

2.80 (12.5)176.0 [79.5 |80.0 |80,5 | 81.0 | 81,0 | 81,0

3,00 (75.5)1 7945 |84.0 185.0 |85:5 {8640 | 8640 | 86,0 |86.0

3450 (82,5)((8745){ 9540 [97+0 | 98,0 | 9940 |99.0 | 9940 |99.0

4,00 (8845)[05.0)| 105 [108 110 {1312 | 112 | 112 {112

4,50 (101)| 115 {119 |122 |125 125 | 125 | 125

8400 | 3 (07)} 123 {129 1133 {137 BBT 130 +138 138 | .
5450 (131){138 |143 . {149 | 151 151 [151 |151
6.00 ' (138) {146 | 152 161 | 164 | 16{_[164 164
Note : The flgures in brackets, wh:.ch a.re for spacings of more than 0,5 D,

are of doubr.ful accuracy.
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Breakdown Voltages in KV (peak) of Sphere-gap in air a® 20°C and
760 mm of Hg barometric pressure, for Positive impuise
voltages; one sphere earthed

Spher)

)

Sphere diameter (cm.)

gap
2REcT 2 5 164,25 10 }12.5! 15 | 25 | 50 |75 |100 | 150 | 200
[ad

0405
0,10
0,15
0420 !
R S i @

0,301 112 | 11,2
040 | 14,4 | 14,3 | 14,2 : :
050 | 174 | 1704 | 1762 | 1648 | 1648 | 16.8
0460 | 2044 | 2044 {2042 | 19.9 }19.9 | 19.9
0670 | 2342 | 23,4 | 2342 [2340,{23.0 | 23,0

0480 | 25,8 | 263 | 2642 [ 26,0 26,01 26,0
0,90 | 2843 | 29,2 {29.1 | 28,9 28,9 | 28,9
1,00 | 3047 | 32,0 | 319 | 347 | SE¥Y| 31,7 | 3L.7
1420 [(3541)i 3748 | 3746 | 3Tad {3Ted 374 | 3744
1.40 |(38.5)| 43.3 i43'2 42,9 | 4249 | 42,9 | 42.9

1450 |4040)| 4642 | 4549 | 45.5 [ 4525 | 45.5 | 45.5

1.60 49.0 | 4846 | 48,1 148.1 | 48,1 | 48.1

1.80 5445 | 5440553251535 535930

2.00 5945 | 5940 [ 5940 5940 | 59,0 {5940 | 5940 {5940

2.20 64.0164.0 645 | 64.5 | 6445 | 645 | 64,5 | 6445

2440 6940 | 6940 | 7040 | 7040 | 7040 | 7040 | 70,0 | 7040

2,60 (7340)| 7365 [ 7545 | 7545 | 755 | 7545 | 1545 {7545

2.80 {17.0)| 7840 | 80.5 !80.5 | 80,5 | 81.0 | 81,0 |81.0

3400 (B140)| 82,0 |85.5 {8545 | 8545 | 8640 | 86,0 | 8640 | 8640

3450 ©0.0)I(9145) | 9745 §98.o 9845 | 9940 | 99.0 | 99.0 { 99.0

4400 (07.5); (301)! 109 ‘ ol Maf el el 12| 112

4450 (108){ 120 | 122 | 124 | 125 | 125 | 125 125

5400 (115) 130 | 134 { 136{ 138 | 138 | 138 | 138| 138
5450 (139)! 145 | 147 | 151| 151 | 151 151} 151
6400 | (148)] 155 | 158 | 163 | 164 | 164 | 164 | 164
6450 §156§ 21643 WL s X QT ALY 1
7,00 163)| (173)] 178} 187 | 189 | 190 | 190! 190
7«50 (170) 3181% 187 | 199 | 202 | 203 | 203 | 203
8,00 189)! (196 211 211 214 215 215
9.00 { 203 %2123 233 | 239 1 240} 241 241

Note : The figures in brackets, which are for spacings of more than 0.5 D,
are of doubtful accuracy.
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Matching of the Delay Cable

It is essential to terminated a delay cable v»r.i.'t;h)K the right value of resistance
in order to suppress successive reff_lection. The matching wesistance must be egual
to the surge impedance of the cables.

The surge impedance Z may be regarded as being equal to 1376 e« TWhere the

inductdance and capacitance per em, length for concentric cykinders are

¢ s KHZ’.’ 1. (Ry/R) } o x 182}, texaas/en.
and 1 = {2 ln’f (R2/R1) + -2]-'-}:: 1072 henrys/cm.

vhere K is the permitivity of the medium between the cylinders,
R2 is the internal diameter of the outer cylinder
and B‘.L is the external diameter of the inner cylinder.

Then the surge impedance which is independent of length can be writter

Z .-=J1/o

= \!‘2 ln(Rz/Pk_‘_) - x9x 10"2/1{
=601n.,(R2/R1)
K

Note that, the 1/2 term in the inductance formula is omittedy, and the frequency
~ of impulse waves is high so that f.hey travel along the surfaces of the conductorse.
The natural oscilla(tion frequency of the delay cable will be
£ = 1/27IC C‘Ha
~ where L and C are the total-inductance and total capacitance of the deday

cable respectively.
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