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The advances made within the realm of Electrical Engineerin*- 

during the twentieth century have been phenomenal. Tremendous 

advances and increased power demand spurred more and more power 

transfer at longer distances and hence at higher voltage. In 

India 400 Ky lines are already in operation and it is estimated 

that up to the end of sixth five. years plan about 900 Km length 

of 400 XV line willl be In operation, 

Thus with large rtomr rof high voltage and extra high voltage 

transmission lines being constructed all over the country as 

part of large power developments programme, expensive electrical 

equipments are put into service, Consequently it has become ne-

cessary to ensure that such equipments are capable of withstanding 

the overvoltage met with in service due to lightning and 

switching transient. In order to simulate these over voltage 

conditions all the power transmission and distribution apparatus 

are frequently subjected to high voltage impulse or surge tests 

which are performed by the impulse generator.  

Thus impulse generator is used to study the insulation 
Certdin 

behaviour under a conditions which the apparatus is likely to 

encounter. '"eats are also made with higher impulse voltage 

than normal iiorking voltage to determine factor of safety over 



working conditions. Impulse generator simuet Es-the • li ghtn g 

and .sj1tch1ng impulses for research and development purpose. 

To make an exercise in using the latest design for develop-

ing a 150 KV impulse generator which could be easily accom©dated 

in existing H.V. lab •  and could be used for tra2ning,, testing., 

research and development; I have undertaken this particular job. 

The arrangement of the thesis is as follows: first the 

definitions, which are usually considered to be most irksome 

and exasperating adjunct. of any literature,, have been dealt 

with, After consideriniz the theoretical analysis of impulse 

generator the evolution of multistage generator has been 

described. The operation of multistage discharge circuit Is 

analysed and the photographs of various components made for 

150 KV impulse genexa.tor are shown, A full, photogphi df 

complete 150 1V impulse generator assembly constructed is 

also attached. In addition some of the auxiliary equipments 

needed are briefly discussed. The thesis concluded with discuss- 

ion, Bibliography also appears at the end of the thesis. 



High Impulse voltages are required mainly for testing purposes 

to simulate over voltages that occur in power systems due 

to lightning and switching *' Lack of veil, written literature 

about impulse generator has, been a handicap. Here the 

theoretical analysis of Impulse generator' circuit has been 

discussed. The evolution of modern multistage generator 

circuit was studied and the design of 350 KV impulse 

generator was decided on the basis of latest type of impulse 

generator. 

Since the components of impulse generator i.e. spark 

gap assembly, non inductive resistances, charging circuit 

triggering circuits 'connections etc. have special specifications 

it was necessary to design and fabricate some of them. The 

resistance has been designed and fabricated with non inductive 

winding to have minimum inductance,* Spark gap assembly has 

been designed and fabricated to have 14 em axial movement 

and at the same time there is provision that spheres can be 

taken out for cleaning and polishing purpose. The sparking 

plug In trigatron gap ' assembly can also be taken out easily 

for cleaning purpose* 



The charging sets for trig.atron triggering device 

aS well as , for charging the Impulse generator capacitors have 

been designed and fabricated separately* The thesis contains 

the details about all thse components as well as notal 

assembly of Impulse generator, whith is made as a portable 

unit. The commission ng and cashing of impulse generator Is 

also discussed Chore in. 
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XI TRO DUCTIQ N 

Despite the great strides made in equipment design in recent 

years, the weak link in the chain -of ro3i bi .ity is still 

the insulation. The importance of sound electrical equipments 

has been recognised from the early days of electr city. The 

necessity for improved testing was emphasized by damage caused 

by flashover of equipment. by lightning strokes, transients 

caused by switching surges etc. etc. As the years rolled 

and the electrica: industriesexpanded, various machines, trans- 

mission lines and cables become larger, methods of impulse voltage 

testing Improved and test equipment itself grew larger to keep 

pace 4th the equipment that had to be tested. 

There is an increasing demand for impulse voltage tests 

particularly when it is directly employed In the transmission 

of power. Impulse voltage tests are recommended with the 

object of determining the effect of voltage surges of short 

duration on electrical installations and on their individual 

parts because to ensure satisfactory operation power transmission 

equipment must Successfully withstand not only the working 

voltage but also over It ag es to which it may be subjected as 

a result of switch ng operations and lightning strokes, From 

the knowledge already obtained of the nature and magnitude of 

the surges occuring in practice it is now possible to specify 
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appropriate impulse strengths for the insulation of the app .ratus. 

Impulse voltage testing is concerned with the investigation of 

the electric strength of such new equipanent. It is apparant 

that,, as the 1 inow.ledge of surge phenomena is increasing the 

purpose of testing electrical apparatus is better served by tests 

which are more appropriate to the characteritios of the surges 

to be guarded against, and thtg impulse voltage tests are 

replacing some of alternating over voltage tests. Although, 

of course the latter will be required perhaps in a modified 

form as a check on the characteristics  of apparatus when power 

Frequency voltages are applied. 

The testing and . certification of power apparatus have 

gained considerable recognition and importance during last few  

years. The reliability of a power system is very much linked 

with the apparatus  and equipment used. It is therefore essential 

that the power apparatus are tested in a recognized laboratory 

and certified that the design incorporated in power apparatus 

adequately meets the requirement of standards. This is a 

well recognized approach abroad and in fact no m ,nufacturer 

markets his product unless this step has been completed. In 

the past Ick of laboratory cilities has been the u jor 

constraint. At present a host of S.V. laboratories are coming 



up to perform various Impulse voltage and. ether tests. Really 
speaking the per±ormánce of impulse tests on power transmission 

and distributlon equipment s  probably absorbs a large ropert ea 
of total effort in the f eld of high voltage technology. 

The high voltage laboratory equipments are very cost 
and in addition requires big and expensive building to acconimodte 
them # It was decided to build 150 KV impulse generatarYas one 

of the equipment which could 'be used for training, testing* 
research and development purposes • D• C. supplies made f i.e • 
3 KV and 11 K', are used for charging impulse generator 

'capacitors and trig trop triggering device respectively, in 
addition these can be used for other pure ses as well. 



2 REFI NAS` TO NS AND ST.AN,DARJ)S OF WAVE SHAPE TEENS  

:pulse is the properly employed term to denote a controlled 

surge#, such as is obtainable in standard- form from an Impulse 

generator; To understand properly the concepts of literature 

concerning impulse generator, it Is essential to get familiar 

with the basic terms. Hence In this chapter 1 would like to 

give an Idea of most of the terms 

2.1 	UZ VO LTAG 

Impulse voltage is a unidirectional voltage wh ch$without 

appreciable oscillations rises rapidly to a maximum value and 

falls more or less rapidly to zero. Ideally It approximates a 

double ponential form. Other forms, such as damped oscillatory 

Impulse and Impulses which approximate a rectangular Foam* are 

sometimess used for special purposes • 

in arbitrary distinction is made between lightning impulses and 

switching Impulses on the basis of the duration of the wave front 

Impulses with front durat onS from l 	n one up to some tens 

of microseconds are In general considered as lightning impulses a: 

those having front durations of some tens up to hundreds of 

microseconds, as switching impulses. In general switching impulsa 



are characterized by considerably longer total durati one than 

those of lightning impulses. 

2.3 ?!K. VALUE 

The maximum value is called the peak value of the impulse and the 

impulse voltage is specified by this value, 

2.4  'ULL IMPULSE V01TAGE 

lit an impulse voltage develops without causing flashover or puncture 

it is called a fall impulse voltage. 
L  

2.5 CHOP BD XMP S VOLTAGE 

If flashover or. puncture occurs, tha reusing a sudden collapse 

of the impulse voltage, it is called a chopped impulse voltage. The 

collapse can occur on the wavefront, at the peak or on the tail. 

2.6 W.O.B. FRONT' 

The wave front of an impulse voltage is the rising portion of the 

voltage time characteristic of the impulse voltage. 

2.7  WAS 

The wave tail of an Impulse voltage is the :.Ling portion of the 

voltage time characteristic of the impulse voltage.. 
9.:. 

2.8 DEFINITION APDL ICAB,E O qi1i T © 1?IJ+L IMPULSES 

For these definitions we will refer to fig. 2.8 

2.8 • I irtua].PrntD ti onTi  

The virtual front duration T1  is defined as 1 ,67 times the time 



_ 1 . 
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interval ! between the instants when the impulse is 30/ and 90% 

of the peak value. If oscillations are present on the wave front, 

the points A and B should be taken on the mean curve drawn through 

these oscillations.  

2.8.2 YIrtua1 Or jZ +  _f  A,n Imwln_e 

The virtual origin of an impulse is defined as the instant precee-

ding that corresponding to the point A by a time 03.13 T . `ori 

oeo .:llogramn having linear time sweeps,- this is the intersection 

with X axis of a straight line diwn through the reference point A 

and B on the wave front. 

2.8.3 iitualm a To if  Ya .ue T 

,The virtual tti to halfvalue 2  of an impie is the time inter . 

between the virtual- origin and the instant of the tail, when the 

voltage has decreased to half of the peak' ,lue. 

	

2.8.4 	tul Steepess 2fofWve ront 

The virtual steepness of wavefront of an impulse voltage is the 

average rate of rise of voltage measured .between the points on 

the wave front where the voltage is 30/ and 90/ of peak value 

respectively, 

	

2.8.5 	ian. Stand de `oLightning-  ansa Sw tt oh .n . pulse 

Standard Lightning Impulse 	1.2/50 AA  5  
Tolerances % Peak value 	; 3/ 

Front time 	± 30/ 



Tail time (Time to half value) 

Standard Switching Impulse 

Tolerances: Peak value 

Front time 

Tail time (Time to half value) 

250/2500 '• s 
+3f 

20% 

60? 
9 

2, 9 DE NI! IONS APPLICABLE ONLY TO CHOPPED IMPULSES 

ideally the chopping of an impulse is characterised by an initial 

discontinuity which decreases the voltage. The voltage than 

oontinuei to decrease to zero or- nearly zero, either directly 

or via oscillations. 

2.9.i Y t l T m of .YQl 	Col3se DurjngOhoojtg  

The virtual time of voltage collapse during chopping is 1 .67 times 

the time interval between points C and i3 (see Fig.2,9 'a) and 2.9b) 

2.9.2   Qty af Cbopptn 

The instant of chopping is the instant when the initial disconti-

n City occurs. 

2.9.3 Virtual Time T0  to Chopping 

The virtual time Tc  to chopping is the time interval between the 

viitual origin 0, and the virtual instant of chopping. 

2..9.4 	rtual Steeneea of Voltage DjnRChoing .,, 

The virtual steepness doing chopping is the quotient of the 

estimated voltage at the instant of chopping and virtual time of 

voltage collapse. 
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2.10  IMPULSE FLASH OVER VOLTA49 

In this we have two categories as foUows: 

2.10.1 50 Peg t Im ul o Flash. Over Voltae  

The 50 percent impulse flashover voltage is the peak value of 

that impulse voltage which causes flashover of the object under 

test for about half the number of applied impulses. Flashover 

occurs at an instant subsequent to the attainment of the.  peak value. 

The value of the impulse flashover voltage depends on the polarity, 

the wavefront and the wavetail of the applied  impulse voltage. 

2.10.2 1 Eyces of The 	 Percent.Zen ulse Flash 0ver9ltae)  

The impulse flashover voltage for flashover on the wave-tail is 

the peak value of the impulse voltage which causes flashover on 

the wave tail. Similarly impulse flashover voltage for flashover 

on the wavefront is the value of impulse voltage at the instant 

of flashover on the wavefront. 

2.11  IMPULSE PUNCTU E. VOLTAGE 

Impulse . puncture voltage is the peak value of that Impulse . voltage 

which causes puncture of the object under test when puncture occurs 

on the wave tail and is the value of the voltage at the instant 

of puncture when puncture occurs on wavefront. 

2 91.2  IMPULSE RATIO POR ] SHOVE' 

It is the ratio of the impulse flashover voltage to the peak value 



N~r 

of the power frequency flashover voltage. 

2.13M 	MIS.PI~LSBRATIO •iWr MYSiirrifn 

For a given wave shape the minimum impulse ratio is the ratio 

obtained from a 50/ impulse flashover voltage. 

The ipulse ratio is not constant for any particular object, 

but depends upon the shape and polarity of the impulse voltage the 

characteristics of which should be specified when impulse ratios 

are quoted. 

2014  ?. PUL RATIO} FOR PUNCPURE  

The ,impulse ratio for puncture is the ratio of the impulse puncture 

voltage to the peak value of power frequency puncture voltage. 

The impulse ratio Is not a constant for any particular 

object but depends upon the shape, and manner of application of 

the impulse voltage and on the manner of application of the power 

frequency voltage. Information on these points should be given. 

when impulse ratios are quoted.  

2.15  IIE TO TIAOV R AND TME TOP 0TU 

The time to flashover and time t© puncture are the durations of 

the impulse voltage prior to being chapped by flashover or puncture 

respectively.- For the sake of convenience, the nominal times ate 

measured from the nominal start of the wage to the instant when 

chopping occurs, 



2.16  TI ' LAG. {7F. FLASHOVER 

The expression'time lag of f]ashover' is some times usedi it is 

generally the time from the instant when the peak value of the 

power frequency flashover voltage is reached on the wavefrrnt to 

the occarence of the impulse flashover. 

OVER VOIRAt ES 

Any time dependent voltage between two points with peak value 

exceeding the norml working peak value between them is known as 

over voltage. Over voltages are always transitory phenomena A 

rough diet motion may be made between highly damped overvoltages 

of relatively short duration and undamped or weakly damped over-

voltages of relatively long duration. The border line between these 

two groups can't be clearly tied. 

In addition to power frequency voltage stress under normal 

operating conditions, the equipment has to withstand following 

classes of over voltages: 

a t  Temporary over voltages 

b. Switching sever _voltage and 
c Lightning overvoltages 

2.17  3 L ►g RW TEST 

The follow tug types of dielectric testa are generally cons 3.dered 

a. Short duration (one minute) .power frequency tests,  

b. Long duration power frequency tests 



o. Switching impulse tests and 

d. Lightning impulse tests. 

Parer frequency tests are intended to verify, as far as 

practicable, that theYe will be no significant deterioration of 

the insulator due to partial discharges during the expected working 

life of e qui pment and that in the most se ►ere conditions the 

insulator is not liable to thermal instability. Long duration 

power frequency tests intended to demonstrate the behaviour of 

equipment with respect to ageing of internal insulation or to 

contamination of external insulation. The switching and lightning 

impulse tests are needed to check the performance under switching 

and lightning overvoltages . 

2.18 $ ABDAI U INSU LA.T SON 'LE LS FOR J W XPMEN 

The standardized values of the highest voltage for equipment are 

divided into three ranges: 

Range A: above 1 Kand less than, 52 iV, 

Range B: from 52 KV to less than 300 K, and 

Range C: '300 KY and above. 

The selection of dielectric tests is different in voltage 

range ',A' ' R' and C 

For range A and B the performance under power frequency 

over voltage, temporary overvoltages and switching over voltages 
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j5 checked in general by a short duration power frequency test. 

The performance under lightning overvoltage is checked by a 

lightning impulse test. Aging of internal insulation and conte-- 

urination of external insulation require long duration power 

frequency tests. 

For range 0 the performance under power frequency operating 

voltages and temporary overvoltages is checked by long duration 

power frequency tests, aiming at demonstrating the suitability 

of the equipment with respect either to ageing or to conte. -,urination, 

according to which is the rise,. The performance under switching 

and lightning overvoltages is checked by switching and lightning 

impulse tests. 

Following section shows the recommended values of the short 

duration power frequency test voltages and of the switching and 

lightning impulse withstand voltages; for long duration power 

frequency tests, the generl guidance is given in I.S.2165f1977. 

All specifications concerning the values -  of the test 

voltages, as well as the test procedure and the test conditions, 

should be decided by the relevant equipment Committee In agreement 

,ujith these indications and conforming to IS 2071-1974. 

2.18.1 S t and . rd I s ton Le is For  

The standard insulation 2evels are given in table I below: 



t il l 
TAS : STANDARD INSULATION LEV) FOR I i(V<Um<52KV # 

Highest Voltage fear ,I Rated Lightning Impulse 
equipment 	., withstand voltage 
1!m(rms) KY 	 - 

List I 	.,List 2 

Rated Power frequenc3 
short duration with-
stand voltage 
rms) Kb 

3.6 
	

20 
	

40 
	

14 

(.2 

	

40 
	

60 
	

20 

12 
	

60 
	

75 
	

28 

17.5 
	

75 
	

95 
	

38 

24 
	

95 
	

125 
	

50 

36 
	

145 
	

170 
	

70 

The choice between list I and list 2 should be made by considering 

the degree of exposure to lightning and switching over voltages, 

the type of system neutral earthing and ,wbere applicable, the 

type of over voltage protective device. 

2 .i S.2 Standard Insulation Lev is Parr Ren -e B 

The standard insulation levels are given in table 2 below: 

T 	$ STANDARD INSET I N LEVEL FOR 52 KV<Uln<300 KY 

Highest voltage 	Rated lightning irn pulse ~ Rated power frequency 
. for equipment 	withstand voltage (peak) short 'durat'ion withstani 

t m rms) + KV) 	 (Kv') 	, voltage(rme) (XV)  

• 52 - 	250 	 95 
72.5 	325 	 144 - 
123 	450,550- 	 185,230 - 
145 	450* 550,650 	 185, 230, 275 

, S 8,95v,1o54 	275 	366.395.46 



From 145 XV upwards, two or more lower values of insulation are 

given. The choice of a lower- glue of insulation supposes that 

the equipment is adequately protected a6mihst surges. 

2.1 	standard Inouion Level - Ponge 0 

The standard insulation levels are given in table 3 below« 

fi~..MLP, 	STANDARD INSULATION LEVELS FOR Thn> 300 XV 

11est voltage for I Bated switchIng impulse l ,ted lightning 
equipment Um 	withstand voltage 	impulse withstand 
(rrns) XV 	J ( Peak) XV 	 voltage (peak) XV 

420 	 950 1050*1175 

1050 1175,' 300,1425 

525 	 1050 1175,1300,1425 

1115 1300,1425,1550 

765 	 1300 1425,1 550,1800 

1425 1550,1800, 2100 

4 550 1800,1950, 2400 

As the table 'S shows several insulation levels may exist in the 

same system, appropriate to installations situated In different  

locations or to various equipment situated in the same insufflation. 

The selection of insulation level in relation to the particular 

conditions of the installation can be had from Indian Standards 
(2 37 i4, -MT) 



TI 0RET ZCAL .ANALYSIS 0 IMPULSE GWrE TOR CIRCUS ' 

It is usually necessary to analyse the circuit performance 

theoretically before we .jump to the practical aspects. A single 

stage impulse generator circuit which corresponds approximately 

with practical conditions is shown In Fig. 3.1. 

0r Discharging capacitor of impulse generator 
Inherent inductance of generator 

R, - Resistance for control of wave front 

R2  or R'. Resistance for control of Wave tail 
2 

L -• external inductance of load and connections 

02  — load capacitance 

There are other giants not 
mQ"abt to 

Apract.ca.l considerations 

If the circuit of figure 3.1 is examined, it will be found that 

the express ion for the load side voltage is an, equation of the 

forth order, and in that form is little more than of academic 

Interest, although quartic differential equation can be solved. 

by laborious methods... For simplicit r, hence,. if L2  is made zero 

or in effect combined with Xi ,, the equation is reduced to one 

Involving no power higher. than the third. 

Let us presume,, then *  that ►2  is zero and R2 is in its 

position R (shown dotted), The voltage across the load 02  

is tMn across the parallel 8202  branch, which combined give.-  . 



 

L, 	R, L2 

t 	 C2  

E 

F/G3'1 	7HE ECZUf(i1L/Y7 I/7P(9E 

/OLTwGE TESTING C/' C(//T 

J:T 	 T 
__ _ _ I 

FfG 3 Z 	S/ "n'L / f/ e- D C /i' C CJ/ T  OF I /?7PUL S E 

GE NERfj7o, A7V1) LOA() 	AL- 

Cf/LATipN C) GJAVE /f' 0fvr 



R 
an impedance 

The total circuit impedance is then 

# 	1+C212 

P3CCR + 2{cL+G:C 1 2 	1 	1 	i 2n# 

P C(1 + 	'► 

+ P C.~R+ C. R„+C +1 

- . .. 	zE  
Voltage across load 	a 

P.0 RE 

P C1C t 	' (0, Ia j+ 1c2R R ~+ p (c1R1 
CIR2+ C2R2' +1 

For evaluating the critical resistance R1 necessary tb 
be 

supress any oscillations in the circuit, R2 c an,neglected . Because 

of this omission the results of bs.lculations are slightly 

p;essimistio as 	will absorb,,. energy and will therefore teed 

to prevent oscillation in the of uit. 

Then 

PSA 10 1 + P20102R1 +P(c1+02)  

P201 C2L1 + P 0IC2RI + (a, + 02* 



For critical damming resistance 

2 
(c1  C2R1) 	4' 	C' , 	C2) 

R, 
01c2  

hence R, must be greater than this Value,. 

t 	R2  is on generator side of R1, i.e. in the position 

R2  In Fig. 3.1 the ar"a 	tere in eq x ,.( '1) are slightly different 

but the equation is of the same form., Even more comp sated 

representations have been exe.inined bj so 3tn3r persons but the 

resulting expressions are of ' .itt]e more than academic or mathei-

matical interest especially as the stray. capacitances and induct— 
no 

axises are distributed throughout the circuit and:precise numerical 

vaiues can be designed to them,, 

In practice it is convenient to simplify the calculations 

and four cases are examined in the following sections. 

3.1  LON 	CT I U,, CIRCUIT 

Nov let as consider the same circuit shown in Fi,g..3 .i to be non 

inductive one, then L1  and L2  both be zero„ Considerfiret when 

wave tail resI seer R2  Is one the load aide of R1  i.e. in R2 

position (shown dotted),  ` Ze Laplace :transform of output voltage 

Is given by express ion 



	

e( s) 	z1 
1 2 

where 	Zi 	+R1,  
i 

• R2/ :25 
Z2 

2 

By substitution: 	e(s) = 	,. 
L. /(i +R202S) 

1 
..+ 	+ 

R 

RI + i/C $) (I+ RC2 ) ~ R2 

R102 	

22 
Rice 	-1ç' c~ 

is or 	e(0)  
2 	w3 + as + b 

where a 	+ R 
2 2 	2 

n3 	 9 
1 

E 	i. 	i . - ) 	- _ 

where ai and a2 are the roots of the equation S2 + as+b=O and 

both will be ne 	;t±ve w flehce we get 

S and P have been used interchangably 
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i1.t 	+alt  e(t) R1C2  a  2  (0 	- e  

The actual time for the voltage a to rise to its peak 

value is given by 

tog0  (a2,fa1 

and the voltage effec envy, Yj. „ of the generator is giv Z by 

u1  tat 
e 	,- e 
R102(a j  i• c) 

The values of t1  and -q will be determined in the same manner 

as when R2  is on the generator side of R, 

The position of R1  may sometimes be of great practical 

importance. It will be apparant from figure 3.1 that when R2, is 

on the load side of R1  the resistor R, and R2  form a potential 

divider and the output voltage is reduced. No such reduction 

takes place when J 2  is on generator side of R1 . 

When R 2  is on load side of R1  the effeciency is very low 

for small values of G 2 /01 , but when the circuit is so arranged 

that R2  is on generator side of RI the effeciency is highest 

when the load is zero, and the Ia#er circuit should be used 

where,  ver possible, especial y when the resistance of R, is 

not very small when comp .red with that of R2. 
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3.2 SI IFlED NON O SC 	GORY 'Dt CIVE CI RCUUIT 

If the tall Of the wave is long as 

compared with Its front ( as it Is for 1/50 wave) then very little 

error 'result from ignoring the weave tail resistance when lculatin 

the wave front durat ion,, 

The circuit is then simplified as shown in PIg. 3•L 

In which 

,e + P a + R 

c +PO" +Po C +C 

P 0102 

2 ;l  C21 +P C O2R +(Ci 2) 

- - 	.........~.. 8 	where a= 	• 

e(t) = 	[ 	, "tee- t ( I +,t )3] ~ 	L. 

If circuit i. critically damped then 

0202R2 4 
	°i0 

,~+ C 
,~2 ~. 

Ia 

2 1 c,,. = 



Voltage across C2  can then be expressed explicitly as 

follows: 

2 1 	 1 2 

If the inductance is reduced to zero naw, then 

e CE 	e 	'} 
2 

now for standard wave 
RC ,3i - e—tI 

Therefore t1/Ra = log p4  

and 	t2/ 

Substracting (t2  t1) 	RO (16907 ) 

When ei xeuit is er tical ..y damped then wavefront * 2J RC 

With the impulse generators in normal industrial use, it 

is imperative that the total oireuit inductance be as low as 

possible; and even then, with large capacitive loads, it is 

virtually impossible to attain no n .l wave fronts as low as 

+i)4 s in duration, 



In practice fairly accurate results are obtained by 

computing first the value of 	required to mke the circuit 

shown in Fig,3.1 no oscillatory when K2 is absent. Then the 

value of R1 ( if > if /C) required to give the desired wave front 

and finally the vrlue of R. required to give required wave tail 

when I~2 is on Bane for side of R1 in the circuit shown in 

Fig. 3.1. 



4 MODERN r4uITI STAGE GENERATO a IRCUITS 

A high voltage generator could be provided by a single capacitor 

charged from a high direct voltage source, bat it is expensive 
hence we have to go in for m:ultstage impulse generators. The 
additional advantage in multistage generator is that its cappci-- 

tance as well as output can be varied depending upon connections 

4.1 	Vt? U ©I9 O __ISIAG . t ~IJE1 T t IRCjJ. TS 

In 1915, Peek produced 200 XV just by employing a 

transformer to supply high alternating voltage for charging a 

condenser which was then used as a single stage impulse generato 
Since the impulse wave shape eou].d ,not be measured it was ealcu- 

Of 

fated by means whose validity was very questionable. Moreover 

polarity of impulse was not readily controllable # In 1921,   

unewald described a s gle .stage circuit in which an electro-
static generator charged a condenser * which was then discharged 

across across a eparkgap in series with a load„ 

In 1923 Marx published a simple circuit which effectiv( 

solved the fundamental problem by , eleminat ing the need for any 
individual components to operate at more than a small fraction 

of the desired voltage output. The most convincing proof of tho 

merit of his invention is that after the lapse of more than 

half a century, .the circuit, without any basic change, # is still 

invariably used, although important modifications have been 

made to the details, 

Pig.4.ia shows Narx'e. so called 'voltage doubling. 

circuit' 0 fitted with a spark heating condenser 03 across the 
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sparkgap to accomplish the breakdown of .eparkg ,p• The inherent 

disadvantage of this circuit is that there is at least a 

voltage V across the test spec Sen all the time. 

Marx described voltage tri ppling circuit, and a 

little later to it 'be modified his circuit slightly. The 
new oircuit . hack an earth point but no spark heating condensers 
(see Pig. 4« 4b and 4.10 ). 

The circuit of Pig. 4.1'd shows Marx's 8 stage generate 
If the point 0 were earthed, the left hand side of the Fig,, 
would show a four stage circuit with a steady voltage B is 

superimposed when the spark gap breaks down, The right hand 
side is an entirely different four stage circuit with the load 

earthed at the point J through the resistor connected between 

the points J and 0 during the charging period, an impulse 	r 
voltage of 40 being applied to 3 when four right hand spark 
gaps breakdown. 

If the point J is earthed the sparkgap GH must be 
arranged to fail first and the voltage on Z( .nit ially B)  rises 
to 8E 

Fig. 4,1 F- illustrates a circuit which is noteworthy, 
it has an earth point and two quite separable circuits. . The 
charging voltage is applied to the load but if r ' had 

taken only the right band side of the circuit shown in Figs, 4.1 
and 	connected the charging resistors In the manner shown in 

Pig, 4.IE, he would have had an entirely satis story circuit 

as shown in Pig. 4.1 ' with the load earthed during the chargir 
period and with the polarity of impulse voltage opposite to 
+ham+ n-F the n'h~a.raine- voltarre. This later circuit is described 



by Goodlet, Alternatively he could have added another gap 

and another resistor to the top half of the circuit of Fig. 4,11 

(an shown dotted) and obtained another equaIly satisfactory 

circuit with the charging voltage and impulse voltage of same 

laxity. 

Some of the Points regarding Fig. 4,IP are that speoi,- 

men is earthed during the charging period as well and hence 

there is no need of the spark gap to isolate the specimen from 

the generator. The polarity is reversed and both t he spheres 

of first stage attain zero voltage during discharge. 
4  

In 1929 Peek gave a circuit shown in Fig, 4.1G, it 

should be noted that resistor 1 has to withstand the full out- 

put voltage. 
Miner also published some comments on l arx circuit and 

extended the circuit sbn in Fig. 4.la to obtain two inter-
connected circuits which have been separated and redrawn in  

4.i H; at a later date he added isolating gaps at the 

points p and Q, 
Later Marx's original circuit "kms been extended by 

Mark and other investigators. Pig. 4, and 4„15 shows such 

two cireu3.ts Figs 4,15 shows a rather inconvenient way of 

short circuiting the load during the charging cycle, Zn 

Pig, 4.1 3 the test specimen is separated from the impute 

generator by spark gap G and specimen is earthed ,through a 

resistance R0  during  charging  period, After breakdown of 
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gap G impulse voltage appears across resistance 	and hence 

across specimen. The polarity`,, of course, across the specimen 

remains the same as that of charging voltage* 

Bouwer also reviewed various impulse generator circuit, 

Pig, 4.1I shows such a circuit, wh-ere the series resists r.s 

are distributed throughout the generator„ This arrangement 

reduces the need for an a eraal resistance oapable of w tthstand-

Ing the full output voltage of the impulse gene.tora Usually 

half the resistance is placed outside the generator and the 

load while the remaining halt is distributed among the generator 

stages. This helps to obtain a perfectly damped impulse wave 

form. The polarity remains unchanged 

A method of using distributed wave front resistors and 

also o't taining high offeciency has been de~geloped by Edwards 

a td Stoles the circuit is shown in Fig. 4.' X+. The essential 

feature is that R3 is large compared with R, and R2 is made 

as small as necessary to give the required wave tail. Under 

these conditions the current through R2 does not flow through 

R1 and so has no effect in reducing the Initial generator output 

voltage, no matter how small 2 or how large 3 , may be.  The 

polarity Is reversed.. Thus this circuit Includes all the good 

features of Fig. 4.' P hand 4.1 K, and hence is widely used now 

a days. 



4.2 CIRCUITS f7 40DBR IM: .Si ^E 1ERATORS 

Figs, 4.2a, 4.2b and4,2c and 4.2d shows four different impulse 

generator circuits of modern multistage generators Lot us 

discuss the different features of every type of circuits. 

a. Rn ge of 	c~9.ne Y,.gits ,e 

The circuit 4,2a produces impulse voltage from 200 to 10'.400 KV 

circuit 4.2b is used in t impulse-generators for producing a 

voltage impulse from 100 to 1600. ZY. Circuits 4.2'o and 4.2d 

are used for 200 to 1600 XV impulse voltage generator. 

b. 2g. ,ctto a 

Oil impregnated capacitors have higher working stress than 

I of .ow cylinders of varnished per with concentric metallic 

layers inserted at suitable intervals. The capacitors should 

be higher stability and low inductance. Circuits shown In 

1i g. 4.2 a and 4.2b use oil Impregnated capacitors, impregnated 

with high grade castor oil. Circuits 4.2c and 4.2d use oil 

impregnated per type .capacitors with protruding foils. 

C. ___ 

Circuits shown in figure 4,2a and 4.2b use wire wound resistors 

cant in epoxy resin and equipped with plug in end contacts* 

The series parallel resistors-- are of identirAI,i size and can 

be used interchangeably„ In control of some of the circuits 
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some time a push button change from lightning to switching 

surge is provided, This is achieved by shorting some of the 

resistorp required for either of wave form, For re' search and 

development a nnnua3. change of resistors is preferred i.nwhich 

case spring 'loaded contact enable easy change of resistors. We 

must realize that for voltage as high as 10,000 V and the no 

of stages 50, the height could be as high as 35 m. In order to 

be able to c :nge the resistors of each stage not only a permanent 

ladder to reach the higher stages is provided b r also space to 

store various values of resistors on each stage.. Circuit 4.2c 

and 4.2d use Nickel chrome wire on resin glass stem for 

resistances. 

d. ltdoor . 41!t c oor Operation 

AU of the generator circuits shown are for indoor operation 

outdoor operation 1a a must for equipments having high level 

of insulation, which require extra big laboratories. Outdoor 

operation gives difficulties like rain snow and wind +etc. We 

adopt a self carrying monolithic structure having sufficient 

mechanical strength. An air conditioning pant inside the 

generator ensures proper humidity and temperature conditions. 

e. Per Stage Voltage 

The per stage voltage mu ;t be a compromise between conflicting 
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requirements. A, low per stage voltage permits the use of a 

small and cheap d . c., charging set but requires Increased no. 

of stages. The total cost of condensers having a g*veu energy 

storage capacity will . not usually vary widely with no, of stages. 

The per ,stage voltage for circuits shown in fig. 4„2a and 4.2d 

Is 200Y, while for rest of the circuits, per stage voltage is 

100 xv 

f, ,Firin 	 c3trs_. 

As the no. of stages increase we use firing capacitors in some 

of the lower stages for consistanoy of firing. For circuit shown 

in figure 4.2a firing capacitors are used for lower stages if 

the total no. of stage increases beyond six. 

g• u ports 

The Insulating supports in case of circuit of fig. 4.2a are 

nude up of bakelized paper. If more than .15 stages are to be 

Installed than epoxy resin is used. In case of circuit of 

figure 4.2b porcelain pin insulators have been used with spacer 

plate made up of galvanised sheet steel. 

`. D 	o S here 

The standard sphere dia, are 2, 5, 5,1 0,12.!5,15, 25, 5O, 75,k i 0O, i 54 

and 200 ems In use. The usual separation of two spheres ,should 

not exceed the dia, a the sphere. No measurement should be 



taken with spacing less than 5; of radius. The sphere diameters 

used in circuits 4,2a and 4.2b are 250 mm and 150 mm respectively. 

1. - e:e'er 	er 

Energy per stage will affect the capability of circuit being 

utilized for standard as well as other switching surges : Higher 

is the energy better is the effeelency for production of switching  

surges as compared to lightning impulse. .Fig. 4.2 1 shows 

effeciency versus load curves for lightning impulse. The energy 

per stage in circuits of fig. 4.2a, 4.2b and 4.2d are 2.5 to 

30 KT ' to 5 E' 1 2.5 to 5 KJ and 5 to 20 KJ respectively. 

j•. , 	.r 

For higher rating i ulso generators spark gap ooiumn is enclosed. 

The enclosure contains U.V. lamp for U,V. illumination for 

coneistancy of firing and compressed air supply which is used 

for brushing of--f dust before starting impulse generation. in 

circuit of fig. 4.2a and 4.2b protective bakelised paper 

cylinder encloses all spark gaps. In case of circuit of fig, 4,2d 

compr.esded gs resin glass cylinder casing has been used. 

k. rtab i ,it, 

S.ationary impulse generators are a'most exclusively used for 

routine test systems. Modern H.V. lab use mobile test systems. 

The main advantage lies in improved utilization of available 



116 
- 	— - 	 Lightning unpujse 

8o 	 ioo F 

Eo 	 \ 
15 nF 

4~ - 	 Itrj»F 
3.4 	0.8 1 	2 	3 	4 5 6 7$ 9 10 

C l,nF 

FSC 4- 2 x : EfFEC,ENCY r/  WEASus L € D 
CA~~9ci r.9nr~'E Cb s 



space and in greater flexibility for different types of 

test configurations. Modern impulse generators are disp, ,ced 

to desired location by cushioning created by Compressed air 

supply 0. 

E 



5  GENERAL FEATURES OF 14U TISTAGE I1 SE GENERATOR 

In principle the impulse generator is an extremely simple piece 

of egdipment. It consists of a charged capacitor which at an 

appropriate instant discharges into an external network. For 

good performance of impulse generator certain requirements of 

impulse generator are required to-be met. 

5.1 RE U :SREM1NT OF AN II PI SE GENERATOR 

The first and very basic requirement of impulse generator is 

that it should have low inductance so that steep front waves 

could be generated as well. Secondly the height of impulse 

generator should be as 10%4 as possible as it saves building cost. 

The third requirement^is that the construction of impulse generator 

should be good. It should be robust and mechanical stable. And 

lastly there should be ease of access and of adjustment of movable 

or moving parts and else of extension. 

5.2 	TORS INFLt)ENCING THE DESIGN AND SAFETY ASPECTS 

First of all we have to choose the charging voltage ` There are 

conflicting requirements in choosing and hence we have to make 

a compromise. A low charging voltage permits the use of a su .11 

and cheap d.c. charging set but requires an increased no of stages. 

The total cost of condensers also sometimes gets affected in the 
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two above mentioned cases • The charging voltage selected 

should be about 14.15 percont legs, than the open circuit voltage 

of D. C. set Used if the time of charging is to be kept down to 

a reasonable value 

There are certain advantages' in having a multistage 

generator instead of single stage. There are as follows: 

a.• DC. set can be used for other purposes also. 

b• Higher is the charging voltage greater Is the difficulty 

and cost of supressing corona discharges from the leads during 

the charging period. 

c. Multistage generator has greater flexibility asA by the 

rearrangement of connection between stages, large variations 

In the output voltage and capacitance are possible for the 

same charging voltage. 

As we know .the length of wave tail depends upon the 

discharge resistance C . the generator discharge capacitance 

(C ) and load capacitance CC2  ), tie should have a set of d.isohargi 

resistance so that wave tail vary ration within ± variation is 

assured with varying load values.  

As the ratio of Ci  to C2 is increased the open circuit 

voltage required for a given output voltage across load 
decreases and the circuit characteristics becomes less dependent 



on the external load. However for economic reasons it is desir- 

able to limit the ratio • 

If V is open circuit voltage of generator, of output 

capacitance c1, and Ve  Is crest value of voltage (assumed to be 

non oscillatory ) reaching the load then V=Vc  (1 + 
Z 

From the above equation it is clear that an increase in 
from Ito 2 causes a reduction in V/C0  of 0.5. An increase 

from 2 to 3 causes a further reduction In V/V0 of 0.17. For 

successive equal .increments c . c1/c2  the corresponding reductions 

in. V/V are extremely small when G1/C2  exceeds 5 and In practice 

this ratio is rarely exceeded when C2  is maximum load expected-, 

The power output of testing plant (or. the stored energy 

in case of impulse generator ) is determined by the capacitance,, 

Inductance and resistance of the test sample. in most cases the 

capacitance -term predominates . The following table shows,  the 

order of magnitude of the capacitance of different types of 

apparatusz 

Table l:  Qapacltenee of 3d.fferent Test Objects 

Name of Test Object 	 Order of Capacitance Value 

Line nsulato rs s pin insulators 	Several pF 

Bu shings 	 150 400 PF 

Current Transformers. 	 200 600 pF 
Transformers upto 1000 1WA 	Approx • 1000 F. 
Transformers over 1000 1CVA 	1000 	.000 pF 
Cable per meter length 	 150 - 300 pF 



The rating of Impulse generator should be about 30 percent higher 

than the desired maximum output 4 With increasing load eapaci- 

tanoet higher and higher generator capacitance is required 

to obtain a good efficiency of the generator. The accumulated 

energy of generator is given by 

((. yde _.. ... 	' i0 3  icr 
2 

where Vdc "* d•c• voltage per stage 

n '* no. of stages 

capacitance of generator 

The possible lethal effects of high voltage make 

extreme caution and safety awareness essential elements 

of testing • l t only the equipments but a .l aspects of 

entire testing should be as safe as possible to minimize 

danger to personnel. Even. a poor bodily contact is very 

dangerous in case of equipments supplying many thousands 

of Volts • As the size of unit increases we have to include 

more and more safety features in it • Following are some 

of the essentials which facilitate the use of equipment and 

some are essential for the safety of its user. 



' .. We should have a !. in on off switch and a pit light to indicate 

the application of primary power.. 

2 • There should be a fuse or circuit breaker In the primary circuit 

to shut off power in the event of internal shorts or protected 

overloads. 

3. There should be three wire input line cord, so that the unit 

can be grounded right at the power line. 

4. A voltmeter should be connected directly at the output so that 

its reading at all times is a true indication of voltage at the 

Terminals. ( Voltmeter accuracies of 2 of full scale for d.c. 

and 3/ of full scale for a.c. are commonly available and tre 

adequate for most applications). 

5. Tierecshould be no buzg or hum from transformer or busting 

at maxirnum setting of voltage. 

6. Functional layout with all controls should be clearly marked 

so that their operation can't be misunderstood. 

7•  Provision should be made for bleeding off any charge left on 

the capacitors or load after the completion of the test, 

S. A test cage preferably with a sufficiently large clear area of 

glass or plastic to permit the viewing the equipment under test 

should be included whenever possible. 

in addition to being rugged constructed of high quality 



and Villa uses special, oil impregnated paper type with protruding 

foils to minimise inductance and assure a sturdy inter connection. 

Haefe1y uses cai citors impregnated with high grade caster oil. 

The welded can is equipped with Porelain bushing. 

At low voltage carbon resistors can be used but at high volta 

we should, use non t,nduotively wire wound resistors and we should 

avoid the carbon f i-t 	type. Resistances ray be composed of 

liquids or solids in the :form of rod as well. 	Liquids have high bee 

capacity but their resistance is unstable. 	The generator resistancE 

in common withthoee normally employed In H.V. lab, generators, 

are composed of '.silido' resistance ribon fixed length wire along 

varnished per tubes; then taped up with linen tape, and finally 

treated with several coats of special hard water proof varnish, 

It Is important that the enarnra2led wire should be wound on to its 

support, free from str 	and tit turns electrically remote 

from each' other should also be physically remote. 

The best way for wavefront' resistor is to distribute It 

in all stages within the generator itself. One more practical 

reason for distributing the wavefront resistors is that the need 

is then diminished for an external resistor capable of 'withstandine 

the full. voltage. Wave tail resistors also perform function of 

charging resistances. and distributed throughout the generator. 

However it is usual to arrange for pert of the wave tail resistanac 



1.. We should have a iain on off switch and a pU t light to indicate 

the application of primary power.. 

2. There should be a fuse or circuit breaker In the primary circuit 

to shut off power in the event of internal shorts or protected 

overloads. 

3. There should be three wire input line cord, so that the a it 

can be grounded right at the power line. 

4. A voltmeter should be connected directly at the output so that 

its reading at all times is a true indication of voltage at the 

Terminals. ( Voltmeter accuracies of 2% of full scale for d.c. 

and 3/ of full scale for a.c. are commonly available and are 

adequate for most applications). 

5. Th reeshould be no bung or hum from transformer or busling 

at ,naximu setting of voltage 

6. Functional layout  with all controls should be clearly marked 

so that their operation can't be misunderstood.. 

7. Provision should be made for bleeding off any charge legit on 

the capacitors or load after the completion of the test„ 

8. A test cage preferably with a sufficiently large clear area of 

glass or plastic to permit the viewing the equipment under test 

should be included whenever possible. 

In addition to being rugged constructed of high quality 



components and conservatively rated, the unit should present a 

pleasing appearance with all operating controls and meters arranged 

in e. neat, functional mflner. The output voltage should be capable 

of being smoothly from a low value to the mximmum. The operator 

is responsible for the safety of all personnel while using the 

equipment. It is therefore very necessary that he should follow 

all acceptedd safety practices, proceed with caution and do all as 

power to assure safety. lei general in order to prevent flashover 

to the extraneous structures, it is necessary to keep the clearance 

greater than minimum values given in the specifications.. The safe 
hvI 

distances for AX. is 50 ems for every 100 0 XV; similarly fvrA  impulse 

safe distance is 20 ems for every 100 IV. 

5,.3  Tom; GE RAt► CONSTRUCTION OIC I,MPMEM GES  

The method of construction is largely governed by the type of 

condensers used. Three main types of condensers are used in the 

construction of impulse generators. Ho ,ow cylinders of varnished 

paper with concentric metallo 'layers inserted at suitable intervals 

are rarely used. now P, days,. Since these have low working stress 

an inconvenient shape  and require expensive frame work. oil 

impre sated in metal tank have higher stress than the above mention 

and can be made weather proof. Most recently impulse generators 

use oil imprecated capacitors in insulating containers. Passoni 



and Villa uses special --oil impregnated paper type with protruding 

foils to minimise inductance and assure a sturdy inter connection. 

Haefe1p uses capacitors impregnated with high ga ade caster oil. 

The welded can is equipped with Porelain bushing. 

At low voltage carbon resistors can be used but at high volta 

we should, use non inductively wire wound .resistors and we should 

avoid the carbon UViv• type.  Resistances ray be composed of 

liquids or solids in the :form of rod as well. Liquids have high hea 

capacity but their resistance is unstable. The generator resistancE 

in common withthose norna.11y. eemployed in LV. lab, generators, 

are composed of '.silidot  resistance ribon fifed length wire along 

varnished paper tubes, then taped up with linen tape, and finally 

treated with several coats of special hard water proof varnish. 

It is important that the enamebled wire should be wound on to its 

support, fre'b from strain and that turns electrically remote 

from each other shoul3 also be physically remote, 

The best way for wavefront " resistor' is to distribute it 

in all stages within the generator itself. One more practical 

reason for distributing the wavefront resistors is that the need 

is then diminished for an external resistor capable of withstanding 

the full voltage. Wave tail resistors also perform function of 

charging resistances. and distributed throughout the generator. 

However it is usual to arrange for part of the wave tail resistancE 



to be placed outside the generator as then it can be used also 

to serve the purpose of potential divider. 

For H.V, connect Ions it is nnnecessary to use starp or 

thick gause wire. A 244ga.use copper strand is a convenient size 

of wire for the purpose, and a single touching contact is all 

that can be desired. 

I 
5.4 OIERATIO OF PI SCEAR GE CIRCUIT 

Referring to Fig, 5.4 when first spark g%p G1 fires the stray 

capacitance between B and ground is very rapidly charged from 

through spark. The stray capacitance at 1), however, mast be 

charged through the resistance B.D. which s1 ows down the process. 

Thus, while B quickly assumes the potential of A, D is slower stn 

responding. Meanwhile, the voltage across 02  can't suddenly charge 

so that C rises with B. A consequence of this is that a voltage 

approaching 2V appears across the second gap C]) and it breaks 

down. The stray capacitance between D and round can now be 

charged directly through two sparks, so D quickly assumes the 

potential of C. The process ten repeats with C 3, the gap EP 

coming Into the act,, The whole process is cumulative, so that 

in short order all fps fire and the output terminal flies up in 

potential to a value approaching nV, where n is no,, of stages and 

V is charging voltage. Por consistant operation it is found. 
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advisable to irrediate the 	This can be Sone by an ultra 

voilet lamp etc.. It is also customary to put the gAps as line 

of sight of each other, for then the radiation from the spark 

in the lower g.ps,help to trigger the upper gaps. 

Although the theory outlined above goes a long way towards 

an explanation of the observed phenomena, it is still very imper. 

feat and does not amount for the extremely erratic behaviour of 

impulse generator when the resistances have been made very small 

in order to produce a very short tailed wave. Let us reoDnsider 

Fig. 5.4. The stray capacitance immediately begin to receive or 

loose charge. through the resiatans, so that the over voltage across 

next gap quickly reaches to zero. Since the capacitance are normal] 

of the order of tens of micro micro farads, the time constants of 

the local circuits are likely to be small; e.g. if the resistances 

are of 1OOO-each, then the tine constants will be of the order 

©f 10-W2  to 10.1  micro see. and corrospondingly less for lower 

values of resistance. The values of stray capacitances depend 

upon the physical construction of the generator,, but can be mares.. 

sed artificially, whilst red tance values are fixed by the 

capacitance and required wave shape. The over voltage across 

the second spark gap is reduced even more as the current flowing 

through resistance after the breakdown of first gap causes a 

drop as voltage applied to second one. 



5.5 EFFEG OP US! AND ThLUNINATIcL ONCONST1NCj OF RBAK..DOWN 
OF 

 

GA  

The presence of dust can cause irregular operating a multistage 

generator. We can't set the subsequent gaps to breakdown at a 

voltage much higher than that at which first spark gap breaks down, 

as the available overvoltage is small and of brief duration. The 

dispersion of d.c, breakdown voltage in presence of dust may be 

great. 

-1v overcome this difficulty, experiments have beenmgide with 

each gap enclosed in a cylindrical shroud made of press board 

and greased on the inside. The first gap showed the great 

regularity but none of the othergap broke down. The later can 

be explained as the ultra violet. illumination from the spark in 

the first gap was prevented from reaching the othergaps,and 

consequently there were insufficient electrons to initiate break- 

down during the brief period when the gaps were subjected to 

ob ervoltage. Narrow slits were then Introduced at the 	top and 

bottom of each shroud so as to facilitate irrediation from gap 

to gap, The peiformance was satisfactory now. Further it was 

found that a slight horizontal displacement from vertical plane 

is the alternate - gaps reduced the intensity of illumination to 

adjacent gap, and this resulted in irregular firing sometimes. 

The gaps arranged in vert i.oal line gave reliable performance 



5.6 r4EAS€REmNT ASPECTS 

There are four basic methods of reasurement of impulse voltage. 

a. Resistance divider and C.R.4, 

b. Capae .tance divider and C .R.a. 

c. Sphere gaps 

d-. Peak voltmeter. 

In resistance potential divider the impulse voltage is 

applied to the C.R.O. through a ec nial cable, terminated In as 

resistance R of magnitude equal t o the surge Impedance of the 

cable to avoid reflections. 

The me, disadvantage of ca citance divider is that the 

load inductance with the capacitance forms a resonant circuit. 

This has to be stapressed by damping resistor. 

Sphere gaps and peak voltmeter of course are used to see 

the peak value of impulse voltage. The sphere gap is tob:e 

connected directly as parallel to the test object. A resistor 

should not be used in series with the sphere gap, as the capaci-- 

tance of later modifies the wave shape and leads further inaccu- 

ractea in the measurement, The sphere gap probably includes 

superiposed oscillations as well if there are present. It 

is possible however, that such oscillations would have a diff6rent 

quantitative effect in flashing over or breaking down other 

type of air gap or insulation, and it is for this reason that 



the presence of superimposed oscillations in undesirable. 

Thus single sweep cathode ray oscillograph is the most 

suitable and satisfactory means of examining the shape of an 

impulse wave; it may be used to obtain visual or photographic 

recods of the wave trace. 

v 



6 DES iGN OF 150  XV IMPULSE VOLTAGE GENERATOR 

The high. voltage laboratory equixmez is are costly and at the 

€ame:, time requires large and expensive building for placement. 

Seeing the present laboratory having moderate size of hall; 

it was decided to build a portable 150 XV impulse generator with 

fire stages. 

6.1  SCOPE OF PRESENT PORTABLE GENERATOR 

The impulse generator charging set has a charging voltage 

up to 30 XV. Thus the range of applications extends up to 150 XV 

impulse voltage generator. Thus this portable igipulse voltage 

generator can be used for training, testing research and developmen 

purposes in the laboratory. This' is also suitable for the point of 

view of clear layout and technigcality. The unit is expandable, 

an we can have more stages by utilizing additional resistors. 

The generator is designed for indoor operation. 

As shown in Fig, 6.1 we have adopted the most modern m ,rx 

multiplier circuit., The reliability and accuracy to triggering 

is improved by the reciprocal irrediation of spark gaps with 

the ultraviolet light of the discharge spark. The first stage 

is triggered with the help of triggering device. 

AU registors are distributed among the stages within the 

generator. This concept guarantees minimum space requirements 



t<S 

FIG 61 BAS/C IMPc/L5 

66 /vc 'i rc C &t 

S 

L 2_..___ 	~1 	TCz 
b/Gt : E"Q(//WLENT D/A~,~A ? F;F 

1 ^►~cc 
 

SE GENE/Ara, 
2, 

r° QLJ- 

FIG Gi 6 QV/YfiL ENT D/AGRAM DF 

AVt F.k'C'N7' 

f /G. 6 ? ` 	£ / vNLE A'T Q/'~ G Rfir'l Dom' 
GJ/VE %'Aft 

-'  

vPPEfi L /,, i r- 

I v' 

— LD ~R LIM~~ • ̀ .0 
3 

rvvvc~ s~ 

a e•! 	o•~, 	c~•3 	,,.4 	•5 	S.b ~ 	a 

Lc'/ O CAP,gG/TANG E 	"1 

F/G. C - 2Z, Q.  

L /GH T/V/N C7 Zr/Pb L :, f 

°/ 	o I 	C. 3 	a -¢ 	o-S 	o- 
• 

i 
L:PL' CP iTF ,NCE' rlf 

FIC' 64L.b R2 /AN GE FUk 
16 H7•/V/NG Z1~9rilI.;r 

1 



and low impulse circuit inductance. All series and pax Uel 

resistances are interchangeable. 

6.2 DEu.. „aN O 	,2 IST IN?UI SB„ GiERAT_OR 

Let us consider the equivalent diagram of the impulse generator 

(Pig. 6.2a) where 

Ci( ,~ F): equivalent capacitance of generator 

02( ,G F): Capacitance of load + divider 

R1(ohm) front resistor ( sum of series resistances of 
stages and output resistance if any) 

R2)ohm) tail resistor ( stun of parallel resistors of 
the stages) 

T and T2 are front and tail times of wave in ,4 see. 

Capacitor C1:, charged at voltage E, discharges across 

capacitor 02 through resistance R1 . The voltage '71 reached by 

both capacitors„ is lower than the B charging value. The theore-

tical efficiency is yielded by the equality of the charge 

quant it less 

2 

which evidences the need of having C.~ for bigger than 02. 

For instances in order to have 851 efficiency C1 must five times 
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bigger than C2. By consequence, the energy valt.e to be given 

to the generator is thus determined. 

For design we will keep in mind the Indian standard speci-

fications ( I.S. 2.07), 1974) . For the wave Front, the equivalent 

circuit may be as shown in Fig. 6,2b. For 1..2150 wave,. the 

duration of wavefront 

02  T, 	2.'R  
1 2 

Similarly for wave tail resistance we will consider the diagram 

ebown in Fig. 6,2o. 

Capacitors C1  and 02, discharge in parallel across realetanc 

R2, following an exponential law with a r°  = R2(C1+C2) time 

constant. To reach half of the voltage time needed is 

T2 	0.7 R2  (01 +C2) 	 ...(2) 

6.2.1 T eehnical  ,ata 

As we will use 2 capacitors of 10,000 P  in .rallel.energy 
.12  

energy = 2 2o. .or 'f 0 x 150 150X10 - 5 J ou le 

Total stages . = 5 

• Height of each stage = 25 cuts. 
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OF 
6.2.2  Ipa4. R eALi h n ax ! m else Tests 

The standard lightning Impulse is 1.2/5o 

Tolerenoes are peak value = + 3/, 

• Front -t me - 	30/ 

time to half value + 20/ 

C1C2  hence according to egn.(t) T 	= 2 7 R I considering 

the hypouresis, to have 01  5.66 021 i.e. 85/ efficiency 

and Goiasidering wave front as 9 .2 / S + 34%. 

03.366 < R, 02  < 0.680 

TALE 6.2.2.a  WAVE FR9ff _M+ `  ,SPO  _ G-  FpR_ VARY_1X%  LOAD 

(,t. 	.0001 1  .0002 	.0083 	..0084 	.0005 	.0006 
f   

R1. (-) 	6797 	3399 	2266 	" 1699 	1359 	1133 
Upper limit 

R, C-'- ) 	3660 	1830 	1220 	915 	732 	610 
Lower limit 

P.ot is shown in figure  6.2.2s, 

According to eqn, (2) T2  0.7 R2(01+C2) 	. 

here also considering 95/ efficiency i.e. C, 5.66 c2  

and considering + 20 /, tolerence 
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8.571 < R02  < 12.857 

TABLE 6.2.2b WAVE TAIL RES I ;TOR TGE POR VARIFYI. NG CQAD 

7(44 F} 	; 	.800' 	.0002 	.0003 	.0004 [• 
	i 
. 	.0006 

 

? ( -a-) 	128570 	64285 	42856 	32142 	25714 	21428 
pper limit 

2  (.z) 	85710 	42855 28570 21427.5 17142 	14285 
aver limit 

Plot is shown In . figure 6.2, 2b 

6.2.3 r'ximurm Inductance Permisetle 

Say the total inductance of impulse generator is I►, then for 

circuit to be non oscillatory R1  > 1.25 /02  

or 	C2  R, > (1.25)2.L 

following table 6.2 ..3 shows maximum permissible value ofinductance 

for lightning impulses 

TABLE 6.2.3 PERMISSIBLE VALUE OF INDUCTANCE 

1 .0001 .0002 .0003 	,0004 1 .0005 	.0006J ..0007 .0008 

3660 1830 1220 915 	732 610 522.85 457.8 
value 

E 	 w 	 — 	214.32 	171,46 142.88 122.07 	106.93 



63 	c MTRUCTiON D TAILS: 

The construction of Impulse generator is not very complicated, 

all components are easily seen and accessible: The individual 

stages are erected one above the other on a modular system. 

The generator can be moved into the optimum testing position 

without the help of a tliary equIpmezit. 

.34. Freme 3tructw 

The basic movable frame structure Is made up of mild steel. 

The welded steel section have protective rust proof coating. 

The base can be moved with castors in the base. The support 

frame for capacitors Is made up of wood. The drawing of the 

metal frame Ia shown in figure 6,3 _1 • 

6.3.2  $park Gps 
Five pairs of 50 mn brass spheres, are attached to insulating 

colomn supports. The gap setting can be adjusted by moving 

one of the spheres of each pair, The bottom spark gap is 

'equipped with a ;penial triggering sphere and electrode 

arrangement. The drawings are shown in figure 6.3.2a, and the 

photograph is shown In Fig. 6.3.2 b. 
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g.6.3.2b-- Insulating 
Supports - 

rig. •6•3s)+a-  Different Stages of 
Wire Wound non Inductive 
Resistance. 

1g. 6.3•b'  Wirer Wound 
Resistance. 

Fig.6.3.)c- 150 1' gable Impulse 
Generator. 
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6.3.3 	Irni,ulae Caoacito  

The capacitors used at present are high voltage mica 

capacitors 0.1 A F, 5 XV, I PC. two in series. Impulse ca pa cit oo 

feature low inductance, reliability and long service life. Two 

additional capacitors can be provided for generators, in order 

to double the energy at a later date and for increased load 

ranrze. The rack is already built in' advance to accomo ate 

four capacitors,  

	

6.3.4 	Seres  

The resistors are formed by nickel .chrome wires, 

wound contrary wise over a porcelain tube. These materials 

ensure constant resistances and can withstand mean temperature o: 

18040, with peaks upto 250°C. The way wire is wound permits 

extra low inductance era lue . A coat of varnish protects the 

resistors against damages in transit,. All resistors are d men-- 

tinned for easy handelling and feature specially designed and 

contacts for rapid exchanging. The photographs of resistances 

made are shown in Fig. 6,3.4a and 6.3.4b. These resistances 

have been made after many trials and the various possibilities 

of size, shape and material. First of all I made a single layer 

resistance on porcelain tube ui40 - • The values of 

/7"" 
! 	{, 
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1 and L on bridge came out to be as fo itowe 

Ra 40 =A. 

Thea we see single layer has quite a lot inductance so we 

have to adopt noninductive winding.. Then I took a low resistant 

wire and wound it in different shapes to see the inductive effe( 

as I was mainly concerned with inductance to keep it m*imam. 

Tube dia 5#8 cm,. Tenth of copper wire 630 cm and 

noninductive winding; The inductance came out to be 

4.85 A H 

2. On porcelain tube dia 2 ems len th of wire 792 ems 

noninductive winding at less inter turn distance,- 

The inductance came out to be 4 A R. 

3. Porcelain tube 2 cm dia, total 49 turns, total length 

of wire * 352.8, cm Noninductive winding total 
reel-stance 21, SL 
inductance 42.5 h H 

Wire used here was n .chrome wire. 

4«  Then we measured the inductance of card resistances 

already available in the lab.. 

R 	1,4 X-"- 
L = 65 ,L,1 



Then I tried for .flat shape resistances.. I took a special 

type of wooden Frame and weaved a flat reistance with the help 

of wire and thread length of wire = 162 cm 

R = 20.25 j'" 

L a 205 /- H 

5. 	As it was very difficult to weave, we thought the idea of 

having resistance on thick cloth ( Niwar); then I inserted wire in 

the thick cloth, in a way so that it will give minimum inductance. 

The result was as follows 

Length of wire = 273 cm 

R "34.10 -~ 
L 	 1.l mf 

Thus the inductance was very high, 

As we know inductance I a . N2 r 
r 	equivalent radie of cross section 

N -no, of turns. 

As we 'now i' or same cross a tions area i;e for same 

equivalent raclie, eqIETe,Xssit n had mix mum periphery  so 
ideally we should ham sgaar cross section of res .stence rod so as 

to have minimum, ducts e . 

Finally we decided resistances to. be made on porcelain tube 

having outer dia 3 cm and length 25 cm; based on the construction 

of impuse'generator and availability of material.  

The full photograph of impulse generator is shown in 
Fig. 6.3.30. 
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6,4 	AUXILIARY EQUI: NTS s 

Impulse generator consists of so many auxiliary equipments, which 

may be assembled with impulse generator for making a full unit 

complete in itself. Some of the auxiliaries like charging D.C. 

supply, trigetron triggering device along with its supply etc. we 

have ma'e to one single unit, We will elaborate few auxiliary 

equipments in the following sections 

6.4, .  ChartUnR _ $yet 

Charging set is required for charging the capacitors of 

impulse generators. Since -we need high voltage D.C. supply we have 

to have rectification techniques i.e. high voltage D.C. is obtained 

with the help of rectifiers from A.C. voltage. Alin we have optioi 

to use half wave rectifier circuit, full gave or bridge rectifier 

circuit or voltage doubler or eoe' raft Walton circuit etc. Each 
type has its own advantages and disadvantages. or instance a 

bridge rectifier needs four diodes and transformer, while voltage 

doubler circuit needs only two diodes ( different rating than used 

in bridge rectifier circuit). Similarly the rating of transformer 
is also different for the same D.C. output in both cases. Seeing 

the overall economy i.e. in transformers and rectifiers, we have 

selected a bridge rectifier configuration for 30 XV  D.C. charging 

set. At the same time we have providion for increasing this value. 
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b. .Z.Z 	gi Asp e) 

We are having a tracnsfo rmer of following ratings - 

230 V/50 1V3 0.5 KVA, as we know In bridge rectifier 

configuration If secondary Jt.C. voltage peak is Rj then average 

D.C.output will be M. Hence the maximum D. C+ output Upto 
Pt 

which the capacitors could be charged Is 50 Th XV. 

The maximum current of transformer secondary winding 

0. I VA 	= 10 m,: r,• 
0 KVO 

30x3•1t- 
• Hence minimum value of charging resistance =  

(For 30 KV D.C. out put ) 	r 3.3 M.n 

Charging time~- 5 RC 

~= 5x3.3z106 xC seta 

•6. .1.2 Rectifiers andTransformers 

Most modern test sets employ selenium rectifiers when 

maximum output current is below 25 mA and silicon rectifiers ` 

when heavier currents are required. We can Increase the voltage 

or current ratings by connecting the rectifiers in series or 

parellel respectively . Since the loads are capacitive the load 

Impedance itself aids in the filtering. 

While mounting the high voltage rectifierst adequate 

spacing must be allowed between the assembly and any nearby 



grounded sur .ces to prevent arching.* Assemblies with ratings 

of 5 KV + below may be bolted. directly to a mounting surface. 

Higher voltage assemblies should be spaced in minimt distance 

of one halt the terminal spacing dimension from the grounded 

surface. For higher altitndeo the voltage ratings must be reduced 

to prevent arcing between thy" insulating terminals • This is due 

the fact that air at high a-Ititudes is rarefied and has le rer 

insulating ca. itb ilit ies 

6.4.1o3 	0Derat ion..L 

The circuit diagram is shown in Fig. 6,4.1.3. When we 

press the switch KO  _ the supply voltage cf 230 volts comes the 

primary of low voltage auto transformer, whish is indicated by 

red neon lamp. The output of the variac is directly fed to the 

primary of high voltage transformer, and the voltage fed is shown 

by voltmeter. In order to measure high voltage of secondary 

side a znilliammeter is provided in . series with a resistance, ki 

overcurrent relay has been provided in.  the load circuit. When 

the current in the.  load circuit the preset value, the normally 

closed contact N,.C, gets _open and thus the supply to the primary 

side of variac is automatically switched off. 

6..4.2 2rouding Device a 

For the safety of operating personnel it is very 

necessary t hat the generator should be fitted with a .device 

n 

to eatth the condensers,, when equipment is not in active operatic 
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The earthing device may have the form of suitable switch. arm 

and could be operated . mechani.csliy or electrically. For more 

sophistication and advancement, the device may be prorided 
with signal lamps and automatic interlocking. The switch a 

may be applied; to the charging point of impulse generator and 
then stages w ,li be discharged through the various inter-stage. 
resistors or all the stages may be connected directly to 

earth points • 

t taring the operation of generator sometimes, it may 

be necessary to earth the equipment when condensers are fully 
charged. If this is effected by short circuit switch, there 

will be a heavy spark hence one resistance is added in series 

with the arm of earthing switch • 

We are using copper rod with insulating handle for 
grounding purpose. The series resistance is i 5 K... 

f•4•3 ;Tr. c iron Trigger±ng- Circuit) 

Triggering device has been assembled in a draw o t 
cabinet and has been built by Miss Priti Advedi as a B . • 
Project. Please refer to B.B. Project report 1980 by 
Priti D4ved .. 11owever 11 LV D. C. supply  for this circuit has 
been built as an integral, part of impulse generator with 
Capacitance of 0.01 &? in the output circuit. The circuit 

. diagram of 11 LV supply, is shown in figure 6.l•3 a. 

For the testing of triggatron circuit $ 10 X . supply 
built by Mr. A.IC.Shrivastava and Mr. Mohd • Fariduddins M.B.II 
P.S.E. in 1978 was commissioned and calibrated. The circuit 
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diagram is shown in figure 6.)•3 b and calibration table 

is given below 

Table 6.443 Calibration Table 

S 	. J 	ete~r~ Readings Output 	oVoltage Remark 

1. 6 0.425. Corrosponding to zero 
position of variac 

2 • 12 1 For input supply 
100 Volts 

3. 18 1.5 -do- 

Li.. 2+ 2 -do-- 

30 2.5 -do- 

Linear hereafter till 5 KV* 

We could not go beyond 5 KV as the capacitors of high voltage 

rating were not available. We have used capacitors , of 0.25 jP, 
two in series. 

,...1. U.V.L : 

1or consistancy of firing of sphere gaps the gaps are 
arranged one above other so that the sparidng irradiation 
of first gap will go to second gap and so on. To ensure 

regularity of firing we provide artificial radiations • We 
have used 220.230 Volts, 300 W ultra-voilet lamp for 
Providing radiations to the gaps. 
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7 	LSE GENERA.fi ~0. . OPERATION ION 

While operating the. impulse generator following Sequence of 

instructions is. to be followed. 

1. ;off, .2 Ky. 

a, Earth one pole of generator and one pole of object. 

b. Plug in the - supply points into 3 way socket I on the 
front panel, 

C. Jeep the auto transformer at minimum position. 

a. Switch on the switch K1 on the board. 

e. Move the auto slowly and thus high voltage 'ON* is 
indicated by red lamp L1 . 

f. Increase the auto transformer putting slowly and make 
desired voltmeter reading after -seeing calibration chart 
of d .c. voltage output Ve A.C. voltage input. 

g. Check the output voltage reading with. the help of 
calibratl~d+ chart (b.C. voltage output Vs Ammeter 
current (mA) and ammeter A, reading. 

2. or 11 KV Sun ?ly 

a. Plug in the-supply points into 3 way socket 2 on the 
front panel, 

b.. Switch on the switch K2 on the board. 

c. Check the output voltage reading with the help of 
calibrated chart (D.C. voltage output Ve Ammeter 
Ammeter current (mA) and ammeter A2 reading„ 

3. For tretron tr:Lga2 in deyio;e- 

. Switch on the switch X3 on the board„ 

b. Push button 'I to trigger the spark gaps. 



8 DIS0U$SIONi 

The evolution of multistage circuit from the original idea of 

Marx, now can meet any load conditions likely to occur in 

practice. Use of high voltage and a few stages is advantageous 

from the stand point of simplicity and economy, as multistage 

unit, requiring a lower input voltage is less subjected to 

corona problems and offers further advantages of -'flexibility. 

In chapter 3 as we have shown the ez c t calculation is tedius 

to perform and the complication enormously increased if attempts 

are made to analyse the multistage circuity with its many degrees 

of freedom, coupled with the difficulty of assigning precise 

values to many of the parameters such as stray capacitance to 

earth at different points in the circuit. Simple calculations 

such as those outlined, together with the use of C.R.O. permit 

considerable and rapid control of output wave shape of impulse 

generator. 

A high voltage could be provided by a single capacitor 

charged from a high direct voltage source, but it is expensive. 

As we th the capacitance of H.V. cables is roughly of 

the order of O.2, P per 1000 yard; we have to test only a few 

yards of cable . However there are generators availablee which 

can be made to test complete manufacturing length. Such type 
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are available In Switzerland, Germany and Denmark. They 

differ fundamentally; a high voltage cable is used In generator 

capacitance, so that much higher charging voltage can be 

employed with this system all the complications of marx i.e. 

series parellel, spark gaps, adjustments etc. can be eleminated 

entirely. In Felten and Gui .leanme, Cologue. The main capacitanc 

comprises two duums of cable which are charged to 700 KY. The 

generator is for 1400 1(V operation with a discharging energry 

•110 KW see. 

The resin bounded paper insulation is probably better 

than prooe].ain from the leakage point of view in high humidity, 

but it may suffer damage through flashover, and its use therefore, 

should be confined to relatively easily replaceable components, 

A 50 cycle test should be a type test on the complete. 

apparatus or on component Parts and may neeesslatate testing 

to destruction, whilst the impulse testing purpose should be 

achieved by ordinary acceptance test, which should verify that 

the apparatus is sound but should avoid any unnecessary risk 

of danage. 

According to wards and Perry use of solid resistors 

are better than wire wound but this must be giving . problems of 

skin effect and at the moment of discharge passing. In case 



of wire wound resistance when their L/R rate is suller than 

O,1 ,sec, the use of wire wound 'resistors are advantageous. Theti 

can be designed to have desired value of resistance, heat capacity 

and length simply by changing the size of conductor. The winding 

is of so called non inductive type giving sufficiently low values 

of inductance although not eleminating it entirely. 

For a given power rating the capacitance of generator must 

be inversely proportional to the square of the voltage rating 

of the test object, Hence it is desirable to have a provision 

that the condensers of the generator should be readily arranged 

in parallel when testing low voltage objects. 

The continued use of impulse generator will make the gaps 

pitted and oxidized„ This will alter the uniformity of electrosta-  

ic3 field in the gaps and could affect the generator stability 

in two ways: 

a. By making the gaps slightly less sensitive to dust it could 

increase the generator stability. 

b . By raising the impulse ratio of Baps it would make then more 

difficult to trigger on the very short duration over voltage 

available and might possibly lead to the necessity of making 

the gap smaller. This would decrease the generator stability. 

We may think of single or two stages generator as it is 
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attractive on account of its simplicity and possibility of its 

cost,. However, there is first the fact the higher the charging 

voltage the greater is difficulty and expense of supressing 

discharge from the leads during charging. Secondly a few 

laboratories can allow themselves the. luxury of a range of 

impulse generators and space. Most of the. labs have to content 

themselves with one really big one only. This may be used very 

occationally at its full output voltage; for most of the time it 

is working at much lower voltage on a wide variety of loads.  

It is hero that the flexibility and ease of extension of the 

multistage generator become valuable, 



Although printed words soiling pure whiteness of 

paper can not reveal the gratitude of the deep layers of 

my hearts yet I take this opportunity to acknowledge my 

honourable guides who have generously given their assis-
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changes in the write up. Above all I am very grateful 4 , 

to the Almighty for the very helpful and generous attitude 

I have received from many people in the department at 

various stages of work. Appreciations are furnished to 

Drives lab, power system lab. H,V# lab. Senior m./c lab.  

and Measurement lab. who extended permission for using 

their equipments and sincere thanks to all concerned lab. 
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