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FORBWORD

The advancés made within the realnm of Electrical'Engmeafin%
during the twentieth century have been phenomenalJfremendous

~ advances and iﬁcreaééd ﬁawer démaﬁd spurred more and more power
transfer at longei distanéeé énd.hence at.higher volfage;_ In'
India 400 KV liﬁes are alreédy’in-operation and it ig eétimated
thaf up to the end of sixth five.years plan about 900 Km length

of 400 KV line will be in operation,

Thus‘with;largenummwof high voltage and extra high voltage
trangmigsion lines being constructed all over the country as
part of large power develogmeﬁtg programme, expenglve électrical
equipments are put intolservice‘ Congequently it has become ne;
cessary to ensure that suéh equipments are capable of withstanding
the overvoltage met.wifh in service due to lightning and
switching transient. .In order to simulate these over*#oltage
conditionsg all the powédr transmigsion and distribution apparatus
are frequently subjected to high voliage impulse or surge tests

which are performed by the impulse generator.

Thus impulse generator is used to study the insulation
' . eeream ' (
behaviour under all conditions which the apparatus is likedy %o
encounter, Tests are also made with higher impulse voltage

than normal working voltage to determine factor of safety over



working conditions. Impulse generator “gimilates-the -lightning

and switghing,impuyges_for research and development purpose,

To make an exercise in using the latest design for develop~
ing a 150 KV impulse generator vhich could be easily accomodated
in existing H,V, lab, and could be used for training, testing,

research and development; I have undertaken this particular job.

The arrangement of the thesis is as foliaws: first the
definitions, which are usually considered to bé most irksome
and exasperating adjunct of‘anylliterature;have been dealt
with, After considering thg theoreticai‘analysis of impulse
generator the evolutian'of multistage generator has been
described. The operation of multistage discharge circuit is
analysed and the photographs of various components made for
150 KV impulée genemtar"are ghown, A full photograph: ¢f
complete 150 KV impulse generator assembly congtrtcted is
~ also attached.. Tn addition some of the auxiliary eéuipments
needed are briefly discussed.- Thé thesis eonclude8 with discuss;

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



SUMMARY,

High impulse voltages are required mainly for testing purposes
to simulate over voltages that oceur in power systems due

to lightning and switching. Lack of well wriften 1literature
about impulse generator hgs been a hgndicap.  Here the
theoretical analysis of impulse generator'ciréui£ has been
discussed. The evolution of modern multistage generstor
cireult was studled and the design of 150 KV impulse
generator was declded on the basié of latest type of impulse

‘generatore.

Since the components of impulse generator i.e. spark
gap aSsembly, non inductive resistancesy charging circult
triggering eircuit, connections ete. havé speclal specifications,
1t was necessary to design and fabricate some of them. The
resistance has been Qesigned andifabriCated with non inductivé
. winﬁing‘tc have minimum Inductances Spark gap assembly has
been designed and fabricated to hgve 1.5 cm axlal movement
and at the same time there 1s provision that spheres c¢an be
taken out for cleaning'and’ﬁolishing purposes The sparking
plug in trigatrén‘gap-assembly can also be taken out easily

for cleaning purpéseJ'



The charging sets for trigatran triggering device
as well as for charging th@impulse gensrgtor capaeitors have
been designed and fabricated separately. The thesis contains
the details.about all these components as well as votal
assembly of impuls& genératary vhieh 1s made a8 a portable
unit« The commissioning and testing of impulse generstor 1s

also digscussed there in.
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INTRODUCTION

Despite the great strides made in.aquigman; design in recent
yearsy the wesk link in the chain of reliabilitf is sfill

the insulation. The importance of sound electrical equipments
has been recognised‘ffom thelearly days ofkeiectricity. The
neeessity'fbr'improveﬁ teating wasfemphas1zed by damagé.eaused
by flasghover of-equigment.by lightning strokesy trqnsients
caused by switching surges etc. etc. 4s the years rolled by

and the electrical industries expanded, various waahlnes, trans-
mission lines and cable# become iarger, methoﬁsvof impulse voltage
testing impéavad and test equipment itself grew larger to keep
pace with the equipment that had to be tested.

There 1s an increasing demand for iﬁpulsé voltage teatsy
particuﬁariy when 1t is'direétly employed in the transmission
of'powe:;' Impulse voltage tests are recommended with the
object of aetermining thé'effect of vnltage'surges of shért
t:lur_a‘ctionvon elegtificgl MStallat.iqns ahd on 'theixf individusl
pértgvbgcause to ensure satisfacfery opgration,Apower'traQSmiséion
equipment must successfully withstand notvonly the WOrking'
voltage ﬁut also overvoltages to which it may'ﬁe éubjegtad as
a result of switching;opargtiong and 1lightning strokes. From
the knowledge already obtalned of thevnature and magnitudé of

the surges occuring in practice it is now possible to specify
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appropriate impulse st;:engths for the msulgtion of the apmratus.
Impulse voltage testing is concerned with the investigation of
the electric strength of such new equimentj. It 1a.appafant
that, as the lé';ow:tedge of surge phenomena is increasing the
Ipurpose of '-l;esting electrical apraratus is better served by tests
which are more appropriate to the Qharacteritics of the surges

to be guard-gd agringt, and‘ thds impﬁlae voltage tests»»are
replacing 8 0me of gltérna#ing over: voltage tests. Although,

of course the latter will be re‘qgired perhaps in g modified

form as a check on the charaetgri»st ics of apparatus when power

frequency voltages are applied.

TAhe testing and Aeez_'ti'ﬁr.cation of power apparatus have
gained considerable recognition and importance déring la_at e
years. The rél&ability of a power system is very much linked
with the'appératus and eéuipment used, It is therefoi'e essential
that the power apparatus are tested in a recogxiged laboratory
and certified that thé design incorporated_ in power apparatus
adequately meets the requirement of sta.nd.ards.l This 18 a
well recogniged approéoh abroad and in faet no manufhcturer
markets his product unless this step has been completed. In
the past lack of laboratory facilities has been the mjor

congtraint, At present a host of H.V, lgboratories are éoming _
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up to perform various impulse vbltagerandfother tests« Really
speaking the performance of impulse ﬁests on power transmission
and distribution equipments, probably absorbs a large mroportion
of total effort in the field of high voltage teéhﬁolngy., |

The high voltage laboratory equipmenté are very costly
and in addition requires big and expensive building to accommodse
‘themé It was decided to bﬁild 150§KV'1mpulse generateras one
- of the equipment which could be used for trainingy testing,
research and development purposess D«Ce supplies made, isee
30 KV and 11 KV, are used for charging impulse generstor
"c;pacitors and trig%tron triggering device respectively,y in

addltlon these can be used for other purposes as well.
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‘2 DEFINATIONS AND STANDARDS OF WAVE SHAPE TERMS

Impulse is the pro#erly‘employed term to derote a controlleav'
surgey such ag is obtainable in shandard~farﬁ from an impulse
generator; To understand properly the canceﬁts Qf iitarature
concerning impulse generator, 1% 18 esééptial to get familiar
with theiﬁgsig terms. Hénce in_this chapter I would like to

give an idea of most of the terms.

2.1 IMPULSE VOLTAGE

Impulsé vbltaga 1s s unidirectional ﬁnltage whichs without
apprecigble'oscillatians riges rapidly to awmaximpm value and
falls more or less rapldly to zero. Ideally it approximates a
double exponential forme Other formss such as damped oscillatory
impulse and impulses which approximate a rectangular forms are

sometimes used for speclal purposes.

2.2 LIGHTNING AND SWITCHING IMPULSE

an arbltrary distinction is made between lightning impulses and
switching 1mpulges on the basiquf the dﬂratipn of the wave front
Impulses vith front durations from leag-than one up to some tens
of microseconds are in géneral congidered as»lightning impulses z
those having front qurations of some tems up to hundreds of

mlerosecondsy as switcehing impulses. In generaly switching impuls



are characterized'by cons iderably longer total durations than

those of lightning impulses.

2.3 PEAK VALUE
The maximum value is called the peak value of the impulse and the

impulse voltage is specified by this value,

2.4 FULL IMPULSE VOITAGE

If an impulse voltage develops without causing flashover or puncture

it is called a full impulse voltage.

o L

2.5 CHOPTED IMPUSE VOLTAGE

If flashover or puncture occurs, thws causing 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 WAVE FRONT

The wave front of an impulse voj.tage is the rising.portien of the
voltage time characteristic of the impulse voltage.

2;7 WAVE TAIL

The wave ‘tail qf an im.pulse faltage is the :_t!alling_portion of the
voltage time characteristic of thel impulse voltage. |

2.8 DEFINITION APPLICABLE ONLY TO FULL IMPULSES

For these definitions we will refer to fig. 2.8

2.8.1 Virtual Front Durati Ti
The virtual front duration T1 is defined as 1.67 times the time
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intervael T between the insfante when the impulse is 30/ and 90/

of the peak value. If_oscillations are present on the wave vfront,
the fpeinﬁs A and B should be taken on the mean curve drawn through
these oscillations. .

The virtual origin of an impulse is defined as the inagtant preoee'-;- |
ding that cor:e;ppnd.igé »te‘» tbe poin-bmélby a time Q.‘B T_.;.. | Fpr
‘esci‘llo@ama having lix;ear t:.me s}«{égps_,_ Vthifs is the intersection
wyﬁ;h’ X;akis of a atraigl@ line dmwn through the reference point A
and B on the wave fren%; | |

2.8.3 Yirtual m;me To_Half Value T,

,The virfltial ti.m to half walue ‘1'2 of an im;)ﬁlse is the time interval
between the virtual origin and the‘ ingtant ofA the tail, when the
voltage has decreased to hal? o£ the peak 'wvalue,

2.8.4 Virtual Steepness gf'w;fg Front

ighe virtual steepness of yfavefrent,of an imbulse vo;tage is the
aveﬁagg rmte °f, rige of vg).fage measgred_fpetweenlthe poi;rhs‘on

thé wave front where the voltage is '301 and 90/ of peak value
respeot ively. _4 o . |
A n_Stend ' ds For I "h'!:nin_g and Sw; tching Impulse
Standard Lightning Impulse i.z/so A

2.8.5 In

Tolerances: Peak value ;t:, 3/
Front time  + 30/



-

Tail time (Time to half value) + 20/
Standard Switehing Impulse 250/2500 A S
Tolerances: FPeak value +3/
Front time i 20/
Tail time (Time to half value) + 60/

9

2.9 DEFINITIONS APPLICABLE ONLY TO CHOPFED IMPULSES
I&eallyrthe.ehgpping of an impnlse is cha;acteriged by{an initial
discontinuity'whigh deeoreases the voltage. The voltage than
continugu to decrease to zero or nearly zero, either directly

or via oscillationa.,

é}§,1 Virtual Time of Voltage Collapse During Chopping

The virtuel time of voltage collapse auring chopping is 1.67 times

the time interwal between points C and D (see Fig.2.9 'a) and 2.9b)

2.9.2 Instant Of Chagggng
The instant of chopping is the ingtant when the initial disconti-

nulty oceurs,

S

2.9.3 Virtual Timg T' 40 Chopping

The firtnal time‘mé to ehopping is the-time iptervalnpetween the
virtual origin O, and the virtual instant of chopping. |
'z.é.; Virtual Steepness of Voltage Dur ing Chopping

The virtual steepness during chopping 1é the éuotient'of the
estimated voltage at the instant of chopping and virtual time of

voltage collapse,
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2.10 IMPULSE FLASH OVER VOITAGE

In this we have two categories as follows:

2.10.1 50 Percent Impulge Flash Over Voltage

The 50 percent impulse flashover voltage is the peak wvalue of

that impulse voltage which causes 21ashover of therbject undexr
test for about half the number of applied impulses. Flashover
occurs at an msta_nt subsequent to the afta.inmént af the peak wvalue.
The value of the impulse flashover voltage depends on the polarity,

. the ﬁavefrdnt and the wavetail of the applied impulse voltage.

Y

1 2,10.2 In Excens of The 50 Percent Impulse Flash Over Voltapge |

The impulge flashover vq;tage i‘or flashpver on the wave-té.il is
the pagk valug of the impulse voltage which causes flashoﬁer on
the wave tail‘ Similgrly impulse ﬂa.shovgar voltage for flashover
on the wavefront is the value of impulse voltage at the instant

of flashover on the wavefront.

é'.‘l 1 IMPULSE PUNCTURE VOLTAGE

Impulse puncture voltage is the peak valﬁe of that impuise‘voitage '
which oausea' puncture -of the objeot undér_test when puncture occurs
'oﬁ the wave tail and 5.5 the value of the wvoltage at the invste.nt

of puncture when puncture occurs on wavefront.

2,12 IMPULSE RATIO FOR FLASEOVER

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



of the power frequency flashover voltage.

2,13 MINIMUM IMPULSE RATIO
For a given wave shape the minimum impulse ratio is the ratio
obtained from a 50/ impulse ﬂasho&e.r voltage.

The igppulse ratio is not constant for any particular object,
but depends upon thg shape and pelarity of the impulse voliage the
characterigtics of which should be specified when impulse ratios

are quoted.

2.14 IMPULSE RATIO FOR FUNCTURE

The impulse ratio for puncture is the ratio of the impulse puncture
voltage to the peak walue 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 tﬁe manner of application of tﬁe power
frequeney voltage. Information on these points should be given

when impulse ratics are guoted.

2,15 LIUE_T0 FLASH OVER AND TIM: 70 PUNCTURE

The time to flashover and time tc; puncture are the durations of
tﬁe impulse voltage prior fo being chopped ~hy fla shover or pmc‘t;ure
réspeotively. For the sake of conveniencg, the nominal times are
measured from the nominal start of the wawge té the ingtant when

chopping occurs,
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2;1'6 TIME LAG OF FLASHOVER
Tﬁe expression'tiﬁxe lag of flashover' is some times used} it is
generaliy the time frqm the ingtant when the peak veilue of the

pover ﬁeéu‘ency flashover voltage 1s reached on the wavefront teo

the occurence of the impulse ﬂéahover.

OVER_VOIPAGES
Any time ’depende-n’c voltage between two paﬁnfl;s with reak valge
exeeeding '.hhg no:ml_warking peak value bebwaen the;n ig 'knowx; as
e;ver voltage. Qver voltages are always ‘bransit o;-y phenomgna.. | A
réugh distinetion may be made between highly damped overvoltages
of relativély short duration and undamped or weakly damped over-;
voltages of relatively long duration. The border line between these
two groups can't be cieai*ly fixed.

In addition to power frequency voltage stress under 'normal
operating con&itions, the equipment has to withstand following
classes of over voltages:

a. Temporary over voltages
Y. Switching over voltage and
e, Lightning overveltages

2,17 DIELEGTRIC TEST |
The following types of dielectric tpests are generally considered
Be Shorj:‘ .&uration {one minute) power frequency tests,

b. Long duration power frequency tests



Ce Switchihg impulge tests and
d. Lightning 'impulse tests.,

Power frequency tests are intended %o verify, as far as
practicable, that theve will be no significant deterioration of
the insulagtor due to partial d‘iacharges during the expected wo?king
1ife of_eguipment and that in the most seferg conditions the
insulator is not J.iablgl fho thermal ingtabili‘by. Long_du:ation
power ﬁeqpency 't}:’e_sts intended ts‘demonstrate tﬁe behaviour of

| equipnent w;.tth.respeqf!; to age;ng of inte_z:naj. insulation or to |
contdmination of external insulation, The swi‘ﬁohing and lightﬂing
impulse tests are needed to check the performance under switching

and lightning overvoltages.

2,18 STANDARD INSULATION LEVELS FOR EQUIPMENT

The standardized values of the highest voltage for eciuipment are
divided into three ranges: ’

Range At above 1 KV and less t'h_a_.n;.Sz kv,

Range B: from 52 KV tollegs t han 300 K€, and

Range Ct 300 KV and above. - | | -
The sele_ct ion of d:i.eiectrié tests is different in voltage
range ‘A','B’ _and C. |
For range A and B the per:tprmance ‘upde;e powexr :reqnency

over voltage, temporary overvoltages and switching over voltages
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is checked in general by a short duration power frequency test.
The perf?rmanoé under lightning overvoltage is checked by a
lightning impulse test. Aging of internal insulation and contg-
mination of external insulation require long duration power
frequency teats; | .

For range C the ;)grfarmnee urder power frequency operating
voltages and t@mporary_overvmitagas is eheekéd byilong‘duration
pnwer>‘irequeney testa} ainming at demanﬂt:aﬁiné‘thelsuitability
of the equipment with respect eithér to ageing or tolconta:minatien.
according to which is the caee.' Thep@ifbrmance”under sw;tqhing
and lightning ovarvoltages‘is checked by switching'ana 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 voltagesy :br IQng duraﬁion'pawer
frequency tests,'the-geneual guidance is given in I1.5,21651977.

| A1l specifications concerning the values of the test
voltages, as well as the yest rrocedure and thertest conditions,
should be dEciﬁed‘by thé relevant equipment Gommitteelin agreement

with these indications and conforming to IS 2071~1974,

2.,18.1 Standard Insulgtion lLevels For Range 'A°

The standard insulation levels are given in table 1 below:
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TABLE-1: STANDARD INSULATION LEVEL FOR 1 KV<KUmC52KV 2

Highest Voltage far_;

Rated Lightning Impulse' Rated waer frequenc3

equipment withstand voltage - short duration withe
Um(xms) KV | {peak) KV _ >»§ stand yvoltage
| Dist 1§ List 2 | (ms) KV
3.6 20 40 10
7.2 40 60 20
12 60 75 28
24 95 125 50
36 145 170 70

The choice between list 1 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 ,where applicable, the

type of over volitage protective devigce.

The standard insulation levels are given in table 2 belows

BLE 22 STANDARD INSULATICN LEVEL FOR 52 KV(Um<3OO KV

Highest voltage

' Rated lightning im?ulse

} Rated power frequency

or equipment 1 withstand voltage peak} short duration withstan
Um rms) fKV) 1 (kv 3 voltage (rms) (KV
52° 250 95
72.5 325 140
123 450,550 185,230
145 450,550,650 _ 185‘230-275
178 838:38:238, 950, 1050

579:812°323 ,395, 46




From 145 KV upwards, two or more lower values of insulation are
given., The choice of a lower walue of insulation supposes that

the equipment is adequately protected against surges.

2,18,% Standard Insu

The standard insulation levels are given in table 3 belows

TABYL 3 STANDARD INSULATION LEVELS FOR Unm > 300 KV
theat voltage for } Rateé swj.tch:mg lmpulse Rated lightning
equipment Um R withstand voltage - impulse withstand
{(rmg) XV ° 1 (Peak) KV « voltage {peak) KV
420 950 1050,1175
| 1050 1175,1300,1425
525 | 1050 1175,1300,1425
1175 1300,1425,1550
765 1300 1425,1550,1800
1425 - 1550,1800,2100
1550 1800,1950,2400

As the ‘cablve 3 shows several insulation 1et‘rels vx'l_xay exis‘_b in the
- same gyetem, ap'plfopriate to matallwbﬁ.qns situated in d;ffe:eent
iocations or to various equipnent. ‘s‘it..m_tgd. in the same .i’nsglat.ion.
Tha gelection of insulation level in relation to. the par.i;icular‘

conditiona of the installation can be had from Indian Standards?‘-
' Czs 271& —1a7Q)
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5 LHEORETICAL ANALYSIS OF IMPULSE GENERATOR CIRCUIT

Ifb is usually necessary to analyse the circuit performance
theoretically before we Jump to the practical aspec‘ts. A gingle
stage impulse genercator eircuit which arorresponds approximately
with pz'actieal conditions is shown in Fig. Bete

.Gq"," Discharging capacitor of impulse generator
Ly~ Inherent inductance of generator

R,+ Resistance for control of wave front
Ré g'r R;- Resistanee for control Qf wave _ta_il'
i‘2 - external 1nducta,hce’ of load and connections
cé - loaé capacitance
There ére oi;her ﬁriants nota*m%m’smptgactwal considerations
If the circuit of figure 3.1 is examined, it will be found that
the expression for the load side voltage is an eguation of the
~ forth order, and in that form is little more than of academioc
interest, although quartic differential equation can be solved
by laborious methods. __I*‘br simplicity, hence, if I.é is'made zero
or 1n’effeot cembingd with I‘:1 ’ the eciuat;on is reduced to one
involving rio power higher than the t‘hix@ . | o N |
Let us presume, “bhen, that'jalz_ :is zezféa and :RZ is in its
position Ré | (shown dotted)o The vq}.ta'ge'agrasa}the load Cé |

is theén across the parallel Rg D branch, which combined give .



FiIG 31 : THE EQUIVALENT IMPULSE
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R

en impedance Zp = TR,

22

The total circuit impedance is then

| R
1 ,, R,
AR AR R R~ 1
P”'ccn'zx.*:ea(cx.*c.o'%x'}r dn*cawn +
_ ZOCoRaty* P(CqTyv CyORTy + B CqRyt CqRpaGpRy +
P 0,(1 + BO,R,)
eesl1)

Voltage acrogs load e o —%—'-'

3 ,01321?3

| r3c-102néni+ 2% (0,1, + c,‘c'aﬁ,-ziay P (C4R,
+ CyR,+ 02R2) +1
For evaluating the critical resistance Ry necessary tb
supress any oscillations In the ‘circqit, R, canf?fxeglected. Because
of this 'omission the results of balcl_xlations are slightly
p:ess 1mistio as ’Ré w;i.]} 'é.b_scrb;,_ enérgy.and will therefore tend

to prevent oscillation in the cimecuit., |

Then

Foy ‘ . B

¢ = ‘ : e
30 o 2 _ ' ,
PC4C 1y + PCyO Ry ¢ :9(01-_502)

Cy e

4+ P C4C R+ (014» (32-9

2
P 0102L
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For eritical damping resistance

2 .
(C4CoRq) = 4. C4C,0q.(Cq+ Cp)

TS
R, = 2 S 3 20
- GGy

hence R, must be greater than thié vglué.

’I;‘Ré‘is_on generatpr side ofﬁR1, if@‘hin the poéition |
R, in Fig.v3§1 the~§grane%ers in éth(1)'ar; slightly d;fférent
’qut the ‘equa‘%:ion is of th‘e same i’omé.., .Evgn tmr.ef compkeated
representations have been exomined byso many persons but the
resulting exprgssipns gre'ef‘little mu:e than acadamic or matha;
mﬁtical interest especially és,the stray capacitances and 1nduet;
ances are distributedlth:oughogt the circuit andjgrecise numerical
values can be designed to them,

In practice it is cqnveniﬂnt ﬁo simplify the ualcélations

and four cases are examined in the following sections.

3,1 NON_ANDUCTIVE CIRCUIT

Now let us conglder the same circuit shown in Fig.3.1 to be non
inductive one, then Lﬁ‘ané_ig both be zer§. Considerfirst when
wave teil register R, is one .the load side of R1»1.e.°1n R,
positiou (shown dotted), The»Léplace trangform of output voltagé

is given by expression



% . z
o(e) = ¥ . zo
T8t gy
her . = w4 R
where 1558 T e
T R./C.8
R, .+ 1
ot T 5
2
T | R, /(1+R.C.S)
By substitution: e(s) = % . -é/ 2°2 )

R+1+ "2 + 1
1 5" RTGE

R

- B , 2 ,
§ - ™ ———
(Ry+ 1/€,8) (1+ R,C8) + R,
R,C," K0, © R, RRTLC,
%1% 8% + as + b
where &"(ﬁ‘%;‘* Ré % 10 )
11 262 R4Cyp
amd b= g
1%2%4%2
el 8) QWE . - [ LI, B
11 @;""12) S"‘-ﬁ@_ %2 -

where o4 and a, are the roots of the equation 5%« ag+th=0 and

both will be negative. Hence we get

- 3 Sfand P have been used interchang“ably



e(t) = 3‘027“1_‘:(2)” . ( G ) ~-e 2 )

The actual time for the voltage e to rise to its peak
value is given by

log, (ayfizy)
((!1 » a2)

'ta‘ =
and the voltage effeciency, L/ of the generator is givén by

- ‘ .y . . u1t . azt
amax/E i.e.—Y‘ = B -

ByCplay= ay)

The vglues .of t4 and " will be detgrmined in the same manner
. as when 32 is on the generator side. of R, . | |

The position of Ry may gometimes be of great practical
1mpor’ba‘nee_. It' will he‘ gﬁparant from f;gure 3.1 vtha‘c when Ré is
on. the load sgide of R,- the resigtor R1, a.nd_l Ré fomnv s potential

divider and the output voltage ig reduced. No such reduction

takes place when R2 is on generator side of Rq..

When Ré is on 1oad.side of ,R.; the 'effee»j'.en’cyk is fviexf-y‘low
for s.mal?. vg}uee of# 02/01, but when the _ei;'mxit_is 50 ar:e.::ged
that R, is on generator side of ﬁ,l 't.heﬂa‘ gffegzient?y is highest
when the loazd iss zero, and the 1aﬁer pizecuit shopld be used
where ver pessible, especially when the resistance of Ry is .

not very small when compared with that of Rg.



3.2 SIMPLIFIED NON OSCILIATORY INDUCTIVE CIRCUIT

If the tall of the wave is'.long as
compared with its front ( as it 1s for 1/50 wave) then very little

exrror result from ignoring the wave tail resistance when cleulating
the wave front duration,
The eircuilt is then simplified as shown in Fig, 22

in which

2 = ﬁé; + P « R # §5-

Opt P°C405L + POLC)R + Oy

=

P 0102
on _1)%_ P.G;,GZ. E
Ve 2
14 R a4
= . =, B where g= “e
Op ek T ? T em I

o(t)= """1; [wf et (1+at)}3

If eircuit in'critically-damped then

2205 4 (Cqe05). CC
ot o 410 Oregh
] C.e C
R = /4 - 2 o I

¢ 0

172



Voltage across Cz'ean then be expressed explicitly as

followss

ozt 0,0 -
e = %% {.1 - %ﬁ ( 1+'§§2)} [-C o E%E% _J

If£ the inductance is reduced %o zZero now, then

( 1;;e“t/RC)

a8

nov for standard wave
3 a1-e /RO
T =l = eth/Rc
1
There fore t1/Rﬂ = log, o
1
and /Ru = wuxm
Substracting (tgwtf) = RCG (lége7‘;ﬁ

When cilrcult is eritically damped then wavefront= 2.§ RC

With the impulse genérators in normal induatrial use, it
§s imperative that ‘t:he total circuit inﬁuetanee be as low as
possibles and even then, with large caéacitive loads, it is
virtually impossible to attain norml wave fronts as low as

148 in duration,



In practice fairly accurate resu’lts_are obtained by
computing ﬁ:psi_: the vaiue of % required to make the circuit
shown in Fig.3.1 non ogcillatory when R2 is absent, Then the
value of R, ( 12> V'4I:/C) éééuired to give the desired wave front
and f£inally the walue of R2 reqﬁired 0 give requiref wave tail

when R2 is on generstor side of Ry in the circuit shown in

Fig. 3.



.-23..

e dan

4 MODERN MULTI STAGE GENERATOR CIRCUITS

A high voltage generator could be provided by a single capacitor
charged from a high direct voltage source, but it is expensive

hence we have to go in for multstage impulse generators, The
additional advantage in multistage generator is that its capmei-

tance as well as output can be varied depending upon connections

441 EVOLUT IOR OF MULTISTAGE GENERATOR CIRCUITS s

In 1915, Peek produced 200 KV 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 could not be measured it was calcu-
lated dy means:%hose velidity was very gqeationablef Moreover
polarity of impulse was not readily controllable. In 1921,
Grunewald described a single stage circuit in which an electro-

static generator charged a condenser, which was then discharged

across a sparkgap in series with a load.

In 1923 Marx published a simple eircuit wbigh effective
solved the fundamental problem by eleminating the need for any
individual components to operate at more than a small fraction
of the desired voltage output. The most convincing proof of th
merit of his invention is that after the lapse of mofe than

half a century, the circuit, without any basic change, is still
invariably used, although importent modifications have been

made to the details,

Fig.4.1a shows Marx'e so called 'voltage doubling.
circuit?!, fitted with a spark heating condenser 03 across the
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sparkgap to accomplish the breakdown of sparkgap. The inherent
disadvantage of this circuit is that there is at least a
voltage V across the test specimen all the time,

Marx described voltage trippling cirouit, and a
little later to it he modified his circuit slightly. The
new circuit had an earth point but no spark heating condensers
{see Pig, 4.1b and 4.1c ).

The eirecuit pf_Fig, 4,14 shows Marx's 8 gtage generatc

If the point O were earthed, the left hand side of the Fig,
would show a four stage circuit wi@h a steady‘vvltage E is
- superimposed when_the'apark eap bxeakﬁ down; The right hand
side is an entirely different four stage circuit with the léad
earthed at the point J through the'resisfbrvconﬁecteﬁ between
the points J and 0 during the charging period, an impulse ‘f/
voltage of 42 being applied to J when four right hand spark_f
gaps breakdown. | . ,:

| If the point J is earthed the sparkgap GH must bé _
arranged tovfail.firat and the vnltagé onZ( initially E);riseé
to 8 E, 4 , | . ‘hQﬁ .
- Fig. 4,1¢ illustrates a circuit which is n@feworthy,
it has an earth poin$ and twovqnite separahlq circugts. The
.charging voltage is applied to‘the_lcaé but. 1f Maikv had
taken only the right hand side of the circuit shown in Fig, 4,1
and connected the charging resisters in the magner shown in

Fig, 4,18, he would have had an entirely satisfactory ecireunit

ag shown in Fig, 4.1F with the 1oéd eérthed during the chargir
period and with the polarity of impulse voltage opposite to

+hat of the ehareing voltare. This later circuit is8 described



\

by Goodlet. Alternatively he could have added ano;hher @p
and another resistor to the top half of the circuit of ?Lig. 4,1}
(as shown dotted) and obtained another equally satisfactory
circuit z-;i’th the charging veltage and impulse voltége of same
Polarity. |

Some of the points regarding Fig. 4.1F are that speci-
-men 1is earthed during the charging period as wall and hence |
there is no need of the spark gap to isolate the specimen from
the generator, The polarity is reversed and botht he spheres
of first stage attain zero wvoltage during discharge.

In 1929 Peek gave a circui£+shown in Fig. 4.16, it
ghould be noted that resistor 3'4 has to withstand the full out-

put voltage,
| Miner also published some comments on Marx cireuit and
extended the cirecuit shown in PFig. 4.,1a to obtain two inter~

cam.xec'!v:ea‘ cireuits which have been separated emd redrawn in
Fig. 4.14; at a later date he added isolating gaps at the
points p and Qe _

‘_ Iater Marx's original eircuit has been extended by
Mark and other investigators., PRig. 4.9 and 4,15 shows éueh
two circuita‘t Fig‘;-_d-,‘l'j shows a rather inconvenient way of
shox;t circuj.tmg the load during the chg:ging cycle_.. In
Pig. 4;.’1_ J the test s‘pecimen is separated from the mpufa\’se
generator by spark @p G and specimen 1s earthed through a

t

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

across specimen., The polanity, of course, acroass the specimen

rem_ins the same as that of charging voltage.

| Bpuwer‘ also'reviewea various impulge generator oircuitt |
.‘E’ig. L‘IK shows such a ¢ircuit, _whzare the series resistors
are distributed throughout the generatog. This arrangement
reduces the need for an extemal resistance capable of whthstand;
ing the fuwll 6atput voift:age of the impulse generé.tori Usually
half the res.istance ig placed outside the generator and fhhe

logd while the remaining half is distributed among thé generator
stages. This helps to obtain a perfectly damped impulse wave
form. The polarity rem#ine unc,hangea...

A method of using distributed wave front resistors and

- also qﬁ’ta_ini’ng high effecliency has 'be‘er} developed by Edward;
ahd Scoles the.eir’auit is shown in Fig.. 4,.11-_. The essential
feature is ‘l;ha;t 33 (is Jarge'comparg‘d with R1 g,nd RZ 3. made |
as small as necessary to give the required wave ta 1’1, Ux;der_
these conditions the current through Ré gloes'not ‘flow thgongh .
R.,_' and so has no effect in reducing the initial generator output
voltage, no matter how small Ré or how large Ry may be. The
" polarity is raverged. Thus this circuit includes all the good
features of Fig, ;4.1F'and 4,1 K, and hence is widely umed now

a days.
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4.2 GIRCUITS I MODERN IMPULSE GENERATORS

Fig, 4.2a, 4.2b,and4,2c and 4.2d shows four different impulse
56,45
genemator circuits of modern multistage generators, Let us

discuss the different featuraes of every type of circuits.

a. Range of Impulge Voltage

| The circuis ;%‘2& produces mpulse voltage from 200 to 16",600 XV

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

- voltage impulse from 100 to 1600 KV, Circuits 4.26 and 4,24
'arej nged for' 260 to 1600 KV impulse voltage generator, |

_ b.ﬁg;@ citors |

S 011 impregnated capacitors have higher warking stress than

ﬁaliew cylinders of varnished paper with concentric metallic

| '1ayérs inserted at éuitable intervals., The capacitors should
be highexr stability and low inductance. Circuits ‘shown in

Fig. ‘4.2.9. and 4.21: use oil megnated eapa;zitora, /impregzzated

with high grade castor oil, Circuits 4.2c and 4.24 use oil

fimpremated paper type capacitors with protruding foils.

¢. Rgsistors

Cireuity shown in figure 4.22 and 4.2b uge wire wound resistors
cast in epoxy resin ahd_ equipped with plug in end contacts.
The series parallel resistors are of identipal. i size and can

be used interchangeably. In control of some of the circuits
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some time a push button change ﬂrom lightning to switching
surge is provided, This is achieved by shorting some of the
resistors required for either of wave form, For research and
devglopmenf a mnual change of resistors 'is preferred 1n(which
case spring ‘loadeﬁ contact enable easy change of resistors. Ve
nust re‘alige that :t’a;: voltage as high as 10,000 KV and the no
of stages 50, the heigh't could be as ‘nigh as 35 m, In order to
be a‘ble te cmnge the resis"cors of each stage not only a permanent
hﬁder to reach the higher s'bagee is ;n:ovided ’Qf&ilao space to
store warious valueg of res;storzs on__eaeh s‘t‘:la..ge,_. Circuit 4.,2¢
8;11& 4-4.‘26 use Nickel chrome wire on resin glass stem for

resistances,

d. Indoor / mdogg Operation

All of the gerlerafor circp.its shovn é:ce forA indoox opqra'%ion

outdoox operatipn is a must for equipme?z?s having high level

of insnlation, which require extra big Jaborataries. Ou‘t‘daor
opera‘bion gives difficulties like rain snow a.nd w:f.nd wtc. Ve
adopt a sel?f carryir;g m‘onolithj.c st:rupture having sufficient

mechanical strength. An air conditioning plant mg;de the

generator ensures proper humidity and temperature conditions,

e. Yor Stage Voltage

The per stage voltage must be a ecompromise between conflieting
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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 ghren energy

storage capacity will not usually vary widely with no, uf gtages.

The per stage voltage for circuits shown in fig. 4.2a and 4.24

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

100 KV

£, Firing Cagacz;t;)gér

Ag thé no, of stages increase we use firing cammeitors in some

of t'he lower stages for congistancy of firing. 'Far circuilt shown

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

the total no, of stage increases beyond six.

The insulating supports in case of cirocuit of i’ig. 4.2& are

mde up df ‘balcelized paper. If more than 15 stages are to be
mwalied than epoxy resin is ueed l’n case of circuit of

figure 4,2b porcelain pin 11’18111&’!501'8 ?ave been used with Spacer

plate made up of @lvaniaed sheet steel.

t’. :@,, m’ Sghggeg
The standard sphere dia, are 2 5,6 10.12.5 15 25,50, 75, 100 150
and 200 cms in use. The usuwal separation of two spheres whould

not exceed the dia, of the sphere. No measurement should de
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taken with épacingless than 5/ of radius. The sphere diameters
used in. circuits 4.2a and 4.2’0 are 250 mm and 150 mm respectively.
f. Enerzy vPer Stage

. Energy per stage will affect the capability of cireuit being
utilized fbr standard as well as other Bwitahing surges. Higher
i.s» vthre energy Abgtter is the eff‘eciefxey :ﬁor préauc’éion of switching
surges as‘compa:gd_to lightning impulse.'_Fig.hasa I shows
gffeciency versua-lcad ~ourves ft_ar 1ightn1ng im;:ulae. The energy
‘per sﬁage ?p eiraui?s o; fig. 4.2a, 4.2b and %‘Qd are-2?5 to

30 K33 1 to 5 EJ3 2.5 to 5 KJ and 5 to 20 KJ respectively.

3. Spark Gaps
For higher rating igpulse generators spark gap colum is enclosed.

The enclas&re containg U.‘V.'lamp for U,V, illumination for

cousiefaney of firi.xig and compressed ai:c__ supply which is used
for br&shing offdust before starting mpuise generation, In
circuit of‘#ig. ;.Qa andiﬁ.Zb prqteetive bakeliéed'paper | |
cylinder encloses all spark gaps. In case of circuly of fig. 4.2d

conpressed grns resin glass cylinder casing has been used.

k. Portebility
S,ationary impulse generators are afimost exclusively used for
routine test systems, | Modern 'H.V. lab use mobile test systems.

The main advantage lies in improved utilization of available
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space and in greater "ﬂexi"b:n.ity for different types of
test configurations, Nodern impulse generators are dispdaced

to desired location by cushicning created by compressed air

supply ¥
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5 GENERAL FEATURES OF MULTISTAGE IMPULSE GENERATOR

In principle the impulse generator is an extremely simple piece
of eqtirment. It consists of & charged capacitor which at an
appropriate instant discharges .mf:» an external nef;work. For
good performance of impulse generator certain requirements of

impulse generator are required to-be met,

5.1 REQUIREMENT OF AN _IMPULSE 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 low as possible as it saves building cost.
The third reciuirementnis that thve construc‘_hicn of impulse generator
shoulﬁ he g‘ooa.l It should_ be robust and mechgnical stablé. And
lastly there should be ease of access and of acijustment of movable

or moving parts and ease of extension,

5.2 BACTORS INFLUENCING THE DESIGN AND SAFETY ASPECTS

First of a:!.l we hgve to choose the chargmg“velt»age. There are
'eonﬁicting reg;ﬁirements in ohoosifxg and hence we have to mgke

a compromise. A low ctarging voltage permits the use of a smll
and cheap d.c. charging set but requires an increased no. of stages,

The total cost of condensers alsoc sometimes gets affected iIn the
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two above mentioned cases. The charging voltage selected
should be about 10-15 perceont less than The open circuit voltage
of D.C. geot used if the *ime of charging is to be kapt down to

a reasonable valuge

There are certain adventages in having a multistage

generator instead of single stage. These are as follows:
T D.C. get can be used for other pﬁrposes alsé.
be Higher is the charging woltage greater is the difficulty

*and cogt of supressing corona disehargea from the leads during

the charging period.

c. Multistage generator has greater flexibility as|by the
rearrangement of connection between staggs, large vapiations
in the output voltage and capacitance are possible for the

‘same charging voltage-

~ As ye know the length of wave tail depends upon the
discharge résisténce (RéwL .the generator discharge capacitance'v
(Ci.)and load capacitance (C .h wve should bave 8 set of discharg
resistance so that wave tall variation Within 4-Varia*ion is

assured with varying load values.

As the ratlo of C, to C, is increased the open circuit

voltage required for a glven output voltage across}load
decreases and the circuit characteristics becomes less dependent
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on the external load. However for economic reasons it is Gesir-

able to 1imit the ratio.

If V 1s open circuit voltage of generator, of output

capacitance Cys and Vo 18 crest value of voltage (assumed to be
, | a _
non oscillatory ) reaching the load then V-V, (1 + ai-)-

From the above equation it 1s clear that an increase in
ci/cg from 1 to 2 causes g reduction in V/Cc of 0.5. An increase

from 2 to 3 causes a further reduction in V/V_ of 0.17+ For
successive equal increments ot Cy/C, the corrosponding reductions
in_v7Vé are extremely small when cl/gz exceeds 55 ahd,in practice

this ratio is rarely exceeded when Ca 1s maximum load expectede.

The power output of testing plant (or the stored energy
in case of impulse gensratorl)is determined by the capacitance,
inductance and resistance of the test sample. In most cases the
capacitance term predominates.s The following table shows: the
order of magnitude of the capacitance ofvdifferent types of
apparatus? |

Table Y4t Capacitsnce of Different Test Objects

Name of Test Objeet ' | Order of Capacitance Value
Line insulators,y pin insulators Several pF

Bushings . © 150 « 400 pF

Current Transformers. 200 - 600 pF
Transformers upto 1000 KVA Approxe« 1000 PF
Transformers over 1000 KVa | 1000 ~ uobo pF

Cable per meter length 150 - 300 pF
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The rating of impulse generstor shﬁuldbe about 30 perceht higher
than the desired maxinum output« With inereasing load cgpaci—‘
.tange; higheg‘and higher generator capacitance is required

| to obtain a good efficiengy'af the generatarQ The accumglated

energy of generator 1is given by

Y = (n.vae P . cg—10"3 Ky
2

where Vdc “*d.c. voltage per stage
n “noe of stages

qé ** capacltance of generator

The.possible lethal effects of high voltage make
extreme cau;ion‘and‘safety awvareness essentlal elements
éf testing. ot only the equipments but all aspects of.
eﬁtire testing should be a8 safe as_possible to minimize-
dange: to personnel. Even,é popr bodily contact is very
ﬁangerous in case of equipments‘supplying many thousands
of voltse As the size of unit increases we have to include |
‘more and more safety featurés in'itg FblloWing are soms
of the essentials which facilitate.the‘use of equipment and

some are essential for the safety of its user.



1. We should have 2 min on off switch and a pildt light to indicate
tbe application of primary pover.

2. There should be g fuse or etrcuit'bieaker in fhewprimary cirenit
to shut off power in the event éf internal shorts or protected
overloads, | | |

2. There should be three wire input liﬁgvcard, so that the unit
can be grounded right at the power line.

4, A voltmeter should be comnected direetly at the output sé that
ita reading at all times is a true indication'of voltage at the
Terminals, ( Voltmeter accunaciea of 2/ of full scale for d.c.
apd 3/ of full séale :b? a.Cs a#e common 1y available and ure
aqquatg for most app&ioations)@

5+« Thereashould be no buzg or hum from traensformer or busling
aﬁ\maximum setting of veoltage. | |

6. Functional layout with all ccntrols should be c¢clearly marked-
éo that their operation can't ba misunders#ood.

Te Provision'should belmade for bleeding éff any charge left on
the capacitors or load_after the completion of the test,

8, A test cage piéferably‘with a sufficiently large clear area of
glass or plastic to permiﬁ the view;pg the pquipment under test
should be included whenever possible._ |

In addition to being rughged constructed of high quality
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and Villa uses speecial -0il impregnated paper fype with protruding
foils to minimise Inductance and assure a sturdy inter conneotion.
Hpefely uses capacitors imprggnaﬁed with high gra&e caster o0il,
The welded can is equipped with Porelgin bushing.

| At low voltagg @.rbqn xesistars can be used but at high volta
wevshould,use non “tnduetivgly‘wixe wound resigtors and we shouid
- avoid_the carbon beﬂf type., Resistances néylbe composed of
liquids or 'solids in the form of rod as ngl'. Isiguiﬁs have high ‘hea
capacity but their resistance is unstable., _The generator resistance
in common withthose normally éemployed ig H,V, 1lab, generators,
are éomposed of 'sili¢o' resistance ribon fimed length Qire along
varnished raper tubes; then taped up'wiﬁh linen tape, and f£inally
treated with_several coats of épeci§1 hard water proof varnish,
lt.is important that the ené#mbled wire should be wound oi to its
support, free from strain é.nd that turns electrically remote
from each ‘other should also be physically remote.

The best way for wgvefront‘resistor is to distributé it

in ail atagesvwith&n'the genergtﬁr 1tse1£._vae more practical
reaslon for distributir;g t’hé wgveﬁ'ont reais‘!‘;ors- is that the. need
is then diminished fbr an extermal resistor capable of withstanding

the full voltage., Wave tail reéistors also perform function of
charging resistances and distributed throughout the generator,

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



1. We should have a2 min on off switch and a pildt light ¢o indicate
the application of primary powér.-.

2. There should be g fuse oy circult bieaker in fhe primary oireuit
4o shut off power in the event éf internal shorts or protected
overloads.

3+ There should be three wire input 1i§1e ¢ord, so that the unit

can be grounded right at the power line. |

4. A voltmeter should be connected direetly 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 ééale for aec. are commonly available and ure
a@eégaté for most app&ioations),

5« Thereeshould be no buzg or hum from transformer or busling
at|maximum setting of voltage.

6. Functional layout with all controls should pe ¢learly marked

éo thgt their operation can't be nisunderstood.

(R P,rovis'ionv should be made for bleeding §ff any charge left on

the capacitors or load after the completion of the test.

8., A test cage pﬁeferably with a sufficiently large clear area of
glass or plastic to permit the viewing the mquipment under test
shonld be included whenever pogsible.

In addition to being rughed constructed of high quality
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components and conserva:hively rated, the wnit should present a
pleasing appearance with all operating controls and meters arranged
in a neat, funotional‘nanner. mhé out put voitage should be capable
aof'being smoothly from a low value to the maximum., The operator

is responsible for the safety of all personnel while uaxng‘thglb
eéuipment; It is therefore very necessary that he should follow
all accepted safety p:getices,‘proceed with cautipn agd do all as
pover to agsu::fgsafety. Iﬁ g'eneral' in o_rder to prevent flashover |
tolthe'exﬁraneous strqcturga, i$413 necessary to keep thg clearance
greater than_minimum values‘given inévthe spegifications‘ The éafe
distances for A, is 50 cms for every 190 KV similarly ibrf%Q;ZEQe

safe distance is 20 cms for every 100 KV,

5,% THE GENERAL CONSERUCTION OF IMPULSE GENERATOR

The method of congtruction 1s largely governed by the type of
condensers used. Three maian types of condenserg are used in the
oongtruction of impulse genem'bors. Hollow ecylinders of varnished
paper with concentric metalic layvers inserted at suitable intervals
a;re ra,re}ly used, now » days. Since thege hgve low wg;rk%pg stress
and inc onvenignt shape and rgquire» exp'ensviv.e t‘pame work., Oil
impregnated in metal 'tam‘c‘ lravg higher_ atres'é than the above mention
and can be made weather moof, Most recently impulse »ggnemtora |

use oil impregnated capacitors in insulating containers. Passoni
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and Villa uses special -0il impregnated paper ;t:ype with protruding
folls to minimise inductance and a.ésure a sturdy inter connection.
Hpefely uses capacitors 1mprg@aa*bed with high graée caster oil.
Tﬁe welded can is equipped wifh Porelgi‘n bushing.. |

| At low véxltage carbon :_ves:lstors can be used but at high volta
we _should, usge non - l'ndu.otivgly wire _wou_nd resigtors and we shoﬁld
avoid the» carbon film- type, Resistances may be composed of
liquids or solids in the form of rod as wt?ll; I:iciuids have high hea
capacity but their resistance is unstable. ﬁi‘he generator resistance
in common withthose no:mlly_ éemployed in H.V, lab, generators,
are éompoaed of 'siliéo' resistance ribon :rj.n:ed length v;ire- along
varn;ished raper tubes, then taped up wi‘qh linen tape, and finally
treated with several coats of épecigl hard water proof wvarnish.
It ‘is important that the ene;maﬁled wire should be wound ofz to its
support, freé from strain and that twns electrically remote
ﬁ'om each ‘other shoqlfi also be physicé.lly remote, |

The best way for wa‘nvefront‘» resistor is to_ ﬁistribute it

in all stages withm?; the g'enerator 1tsel£ . __One more practical
reasvon for dis‘cributing the wave:&*ent resisto»rsv ig that the need
is then diminished for an extermal resistor capable of withstanding

the full voltage., Wave tail reéietors also perform function of
charging resistances and distributed throughout the generator,

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

I ——
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4$0 be placed outside the generator as then it can be used also
to sérve the\purpoae-of potential divider.

For H.V, conmections it is mnnecessary to use starp or
thick gause wire.‘ A 24;gauée copper strand is a oonvenignt size
of wire for the purpose, and‘a single touching contact is all

that can be desired.,

5,;1 OPERATION OF DISCHARGE c:[RcUI!n1

Referring to Fig, S.A-When first gpark 228 o) 61 fires the stray
capacitance hgtwenn B an@ ground is very rgpid;y'ghgrged from 01
through spark. The stray camcitance at D, however, must be
chaiged through the resistance B,D. which shows down the process.
Thug, while B énigkly'assumes the potential of A, D is slower dan
responding. Meanwhile, the voltage across Gz can't suddenly charge
go that C rises with B, A consequence of this is that a voitage
approaching 2V avpears across the second gap CD and it breeks
down. The stray capacitance bgtween D and ground can now be
Qhérgea direet;y th:ohgh two sparks, so D quickly assumes the
potential of C, Thg progess-then repeatBRWith 05, thg eap EF
coming into the act.. The whole process is cumulative, so that

in shoxrt order ell gaps fire and the oatput_terminal flies up in -
potentinl to a value approaching nV, where n is no, of stages and

V is charging voltage. TFor consistant operation it is found
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advisable to hyediate the gaps-; Thig ean be Bone by an ultra
voilet lamp etc., It is also cuetomary to put the gaps as line
of sight of each other, for then thé'radiation from the spark
in the 1owe1f gaps_help to frigger the uppe’r £aps.

Aitbough the %heory §u€lined abovg goes a long way towards
an explanation of the observed i)henomena, it is still very 1mper-;
fect and does not g.mount for the extrémely erratic behaviour of
im';‘oulse generator when the resistances have. begn made very small
in order to proéuce 2 wvery short -- ta.iled wgve} Let us reconsider
Fig. 5.4. The stray capacitance immediatgly begin to receive or
loose cbarge-, 'tﬁrough the resistoms, so0 that the over voltage across
next grp énickly reaches to zero. Since the eapacitance are norxﬁall
of the oxder of rtens of micro micro farads, the time constants of
the local cireuits are likely to be smells S0 if ﬁhe resigtances
are of 1560-1Leaoﬁ, thén_the'time congtants will be of the order

2

of 10°° 4o '10"1 miero sce., and corrospcndingly less for lower

values of reeietance'. The valuesg of stray Gé.paeitances depend

upon the physical construction of the genera‘t'or', but can be .’mcre&;
sed artificiallsr, whilst rebbstance ._values are :fitxed by the
capacitance and reéuired wave shape, The over voltage across

the second spark gap ig reduced even mére as the current flowing

through resistance after the breakdown of first gap causes a

drop as voltage applied to second one,
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5.5 EFFECT OF DUST AND ILLUMINATI(N ON CONSISTENCY OF BREAK-DOWN
OF GAPS ® : '

The presence of dust can cause irregular operating a multistage
generator. Ve can't set the subaequent gaps to breakdown at a
voltage much higher than that at which first spa;rk gap breaks down,
as the availablg overvbltage is small and of brief duration, The
diapersion» of d.c, breakaown_ volfage in presence of dust may be
great. |

Fo ~Qve:§:c'oine this difficulty, e:tpeximez;ts- have beermade with
each gap enclosed in a cylindrical shroud mde of press board

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

Si-égiiia:éi‘éy but l‘ncxne of the othergap broke down, The later can
be explained as the ultra vholet 111umination from the srark in
the first gap was prevented from reaching the othergaps,and
conseque_mtly therer were insuffic iept elactrons to initiate break-ls
down during the brief period when the gaps vere subjected to
okrervalta‘ge. Narr;:w slits were then introduced at the top and
bottom of each shroud so as to facilitate irrediation from gap
to gap. The peffornance was satisfactory now, TFurther it was
found that a slight horizontal displacement from vgr‘tical plar;e
ig the alternate gaps reduced the ihtensity of 11iumination tq
adjacent gep, and this resulted in irregular firing sometimes,

¥he gaps arranged in vert idal line gave reliable performarice.



5.6 MEASUREMENT ASPECTS

There are four basic methods of measurement of impulse voltage.
a. Resistance divider and C,R,0,

b. Capacitance divider and C.R,0.

¢. Sphere gaps

d. Peak voltmeter.

In resistance potential divider the .im,pulse voltage is
applied to the C.R,0. through a coanial cable, terminated in as
resistance R of ‘magnitud_e gqual to the surge impedance of the
cable to avoid ieﬂect ions.

-The' min disadvantage of capacitance divider is that the
load inductance with the capacitance forms g resonant éireuit.
This_- has to be supressed by damping reais‘bor‘.

Sphere gaps and peak voltmeter of course are used to see
the peak value of impulse voltage. The aphere @.ﬁ is tobe
connected directly ag parallel to thé test object. A resistor
should not be used in series with the sphere grp, as the capaci-;-

tance of lpter modifies thé vave shape and leads further inadcu-»

racies in the measurement, The sphere gap probably melugles
‘superiposed oscillations as well if there é.re present. It

{8 possidble however, that such osqﬂlaﬁ ions would have a difffrent
quantitative effect ;n flashing over or breaking down othe?

type of air @p or insulation, and it is for this reason that
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the presence of superimposed oscillations in undesirable.

Thus gingle sweep cathode ray oscillograph ig the most
suitable and satisfactory mespns of examining the shape of an
impulse wave; it may be used to obtain visual or photographic

recodg of the wave ﬁra.ce.
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6 DESIGN OF 150 KV IMPULSE VOLTAGE GENERATOR

The high voltage laboratory equimerts are costly and at the
pame:> time requires large and expensive building fqr placement,
Seeing‘the present laboratory having_ moderate size of halls

it' Vg8 deemed to build a portadle 150 KV impulsé generator with

fire stages.

6.1 SCOPE OF PRESENT PORTABRLE GENERATOR

The ;mpulse generator charging se't; has a charging voltage
up to 30 KV, Thus the range of applications extends up to 150 KV
impulse voltage generator. Thus this portadble ifipulse voltage
| generator can be used for tmmining, testing research and develépmen
purposes In the laboratory, This is also suitable for the point of
view of clear layout and techhiéwlij:y. The unit is expandable,
‘and we can have more stages by u‘biiizing additional resiétors.

The generator is designed for indoor operation.

As shown in Fig, 6.1 ve have adopted the most modern marx
multiplier circuit, The reliability and accuracy o triggering
is improvgd by the reciproecal ;rrediation o_f’spark gaps with |
| the ultrav_iplet light ‘of thg discharge spark. The first stage

is triggered with the help of triggering device,

All registors are distributed among the stages within the

generator, Thig concept guarantees minimum space requirenients



F/G 61 BASIC IMPULSE wWAYE FRONT

I-OO_T:LJ'—I ' |
¥  Je

FIGO ..t . EQUIVALENT D/IACKRAM &F
IMPL SE GENERATOR

r , .
o055
TS T2

FIG W2 b EQUIVALENT DIAGCRAM OF

GENERNTOR  C KT

[ 1 i

| Ky Co

FI6. 620 EQUIVMLENT L/AGRAM OF
WAVE 7L

3 o |
Q S L ,
~ “‘z’1ﬁﬁ ‘ \
r 1w
~ ﬂar i ,
P4 ' j \ |
X7k <ot \_ UPPER Lims 7
X ;
3 UPPER. LIm) T N
T e - LOWER, Loy |
N i i
~ Y -~ P
KT w ter ;'
2 < !
I8
x4 gk
“ X
%U'ﬁ ."Ll AQL
X <
ZF \‘10-
1 - 194 '
M”_ o — - '
L—-—-_...J_.__._L_..__ A — i U - © n X A i - A 1
o ol o2 o3 G 5 56 9 of od e} 4 oS  ob
LOAD CAPARCITANCE 2f » . LIAL CAPACITHENCE Nf ».
FIGE2Z Q.. : R KANGE F( R FIC 62t b R, KANGE FOR !
LIGHTNING IMPULYE LICGHT NING 1/’7"’1/.&#‘!

<

R




.‘.}__‘5.-.

and low "'impalsev circuit inductance, All series and parallel

resistances are V_ interchangeable.
6.2 DEBRGN _OF 150 XV GIENE 'm

Let us consider the equivalent diagram of the impulsge generator.

(Pig, 6.2a) where

c.;‘( s F)e equivaleht capacitance of generator

02( 4 B): Capacitance of 1load + divider

R.,(ohm) front resistor ( sum of series resistances of

stages and output resistance if any)
R )ohm) tail resistor ( sum of pamallel resistors of
the stages)

T4 and T, are front and tail times of wave in 4 sec.

Capaeitar‘%, charged at vo}.tage E?discharges across
capacitor C, through resistance ,ﬁR‘*' The voltagg V4 reached by
both capa-citors, j,s J.bwei: than the E cmrgmg valnve. The theore-;-
ticai efﬁgiency’ is yielde& by the eéuali‘by of the charge
quantitiess

T
172
which evidences the need of having 01 for bigger than 02.

For instances in order to have 85/ efficiency C, must five times

-



bigger than 02. By. 6onsequence, the energy value t0 be given
to the genérator is thus &etei'miﬁed. |

For design we will keep in mind the Indian standard speci~
fications ( I.8. 2.073, 197;4), For -t_:he vave front, the equivalent
cireuit may be as shown in Fig. 6,2b. For 1.21 50'wave,-tﬁe

duration of wavefront

P n27R m1€2' | | |

Similarly for wave tail resistance we will consider the diagram

si}dwn”in Fig. 6,2¢. ' | |
Capaciters 01 and Gg,aischarge in ';m:allel écross resistanc

Ry, following an expomential law with a 7%= Ré(c1+ca) time

congtant. To reach half of the voltage time needed 1is

Te = OtT R (c1 "‘02) | coo(2)

6.2.1 Technical Dnta

Ag we will use 2 capacitors of 10-q000 PF in marallel.energy

" -—1 2
energy = -?,-2- W“o x 150::1 ‘30x1 06 © 45 Joule

Total stages = 5

Height of each stage = 25 cms,



. )+7..

' . OF v
The standard lightning impulse is 1.2/%50
Tolerences are peak walue = j—_ 3/
Front time : 3_ 30/
time to hal? walue _% 20/

_ 0 C '
hence according to eqn,.{1) Ty = 247 R.‘ E’T $ considering

the hypp'!:hesis," t0 have C,‘ = 5466 02; i.e, 85/ efficiency
and co_'nsidering wave front as 1.245 ﬁ 350/

0,366 < RC, < 0.680

TAFLE 6.2.2.a WAVE FRONT RESISTOR RANGE FOR VARYING LOAD

T — ! — Y N Y ' : ¥ Bk
2(» ¥) § .0001 | .0002 | .0003 %..9004 % .0005 | .0006
;‘ : . i 4 - 1 ) 1 H
Ry (JL) 6797 3399 2266 1699 1359 1135
Upper limit | ‘
Ry (=) 3660 1830 1220 915 732 610

' Lower limit

Plot is shown in figure 6¢2.2a -
According to eqn. (2) 1‘2 = 0.7 R,(Cy4+C,)
here also considering 95/ efficiency i.e. Gy = 5.66 C,,

and considering + 20 / tolerence
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8,571 < R202 < 12.857

TABLE 6,2.,2b VWAVE TAIL, RESISTOR RANGE FOR VARIFYING BDOAD

4 F) .0001 | .0002 | .0005 | .0004 } .0005 } .0006
' 1 | i

, () 128570 64285 42856 32142 25714 21428

pper limit _ ' g

» () 85710 42855 28570 21427.5 17142 14285

ower limit

Plot is shown in figure 6.2.,2b ‘ .

6.2.3 lMaximum Inductance Permigsible

Say the total inductance of impulse generator is L, then for

(/5
circult to be non oscillatory R, > 1.25 V’L/cz )

or €, RZ > (1.25)%.1
2 ™
following table 6.,2.3 shows maximum permissible value of inductance

for lightning impulse:

TABLE 6,2,3 FERMISSIBLE VALUE OF INDUCTANCE

) g' .0001 | .ooozi' 0003 | .0004 .0005 ! .0006 ; 0007 } .0008
1) 3660 1830 1220 915 752 610 522.85 457.8
value ,

) < - - - 214.32 171,46 142.88 122.07 106.93
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6.3 CONSTRUCTION DETAILS:

The construction of impulse generator is not very complicated,
all compnnents are easily seen and accessibles The individual
stages are erected one above the other on a modular systeme
The generator can;be ﬁoveé into the optimum testing position

without the help of asuxiliary equipment.

| $e3.1  Fraonme Structuret

The basic movable frame structure 1s made up of mild steel.
The welded steel section have pioteetive rust proof coatinge.
The base czn be moved with céstors in the base. The support
frame for eapacitors 1§ made up of wood. The drawing of the

metal freme is shown in figure 6.3.1.

6.3+2 Spark Gapst

Five pairs of 50 mm brass spheress are attached to insulazing
colomn suppofts‘ The gap‘setting can be adjusted by moving
one of the spheres of each pair. The bottom spark.gap is
‘equipped with a special triggering sphere and electrode
arrangemente The drawings are shown in flgure 6.3.2as and thé:

photograph is shown in Flg. 6.3.2 be.
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Flg.6.3.26- Insulating Flg. 6.3.4a~ Different Stages of
Supports - | Wire Wound non Inductive
Resistance.

o -

|

Flg. 6.3.4b~ Wire Wound Fig.6.3.4¢- 150 KV Porable Impulse
Hesistance. ) Generator.
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6.3.3 wm :

The capacitors t_xséd ‘at present are high voltage mica
capacitors 0.1 # ¥, B XV, 1 PC, two in series., Impulse capacite
feature low ind_uctanc-e,. reliability and long service life. Two
additional capacitdrs can be proviaded' fo:t' generators, in Qrder
to doqble the energy at a 1aj&er dete and for ipcreased lﬁad
range. The rack is already built imadvance to accomodate
:fot;r capacitors, |

| The resistors are formed by nickel«-.-chrome wire-s.
wound contrary wise over a porcelain t"ube_. These materials
'ensur«'e qmstaﬁ# resistapces and can withstand mean te/:_nperature o:
180°¢, with peaks upto 25000 . The way wire is wound permits
extra low 1nductance value, A coat of_ varnish mrotects the
resistors against aamages'l 1;1 tra.nvsit.. All A._resisto:_rs are dimen;
tibme@ for easy mndelling .a.nq feature specially designed and
contaqts for rapi& exg:haz_zgi‘.ng.v mhel phot-oéraphs of resistances
made arev shown in Fig. 6,35 .4a and 6.,3,4b, These resistances
have been made affer many trials and the various possibilities
of size, shape and material, First of all I made a single layer

. Of
‘resistance on porcelain tube waduing,40 —% , The wvalues of

176468
Woereey “"‘i’T"f OF HO0RRED

: ;’n

s



R and L on bridge came out to be as foblows

R = 400

Thias we see single layer has quite a lot inductance so0 we

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

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

as I was mainly concerned with inductance to keep it mamimum.

1.

24

3

Tube dia 5,8 cm, lenth of copper wire 630 em and
noninduetive windings The inductance came out to be
4,854 H

On porcelain tube dia 2 cms length of wire 792 cms
ngninduptive winding at less inter turn d;stemee.-
The inductance came out to be 4 AH, |
Porcelain tube 2 cm dim, toté.], 49 turns, t§ta1 length
of wire = 352.8 cm Noninductive winding total

resistance = 21,00

: mﬁuctanaa = 42,5 AH

Wire used here was nichrome wire,

" 4. Then we measured the inductance of ecard resistances

already avaiia‘ble in the lab, .

R= 1,4 Kf-
L = 65 AH_



~52,

Then I tried for flat éhape resistances. I took a special
type of wooden frame and weaved a flat reistance with the help
of wire and thread iength of wire = 162 em

R = 20,257

L = 2054 H

' 5. As 1% was very difficult‘ to weave, we thought the idea of
having resistance on thick cloth ( Niyar); 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 com,

R = '34.16—“’
L = 1,1 mH
Thus the S.n&uc'tance was very high,

As we know inductance L « N% p

r = equivwalent radie of cross section
RN - no. of turns,
As we ¥now for same cross se€tionak area ije for same

equivalent radie, square cpdbs seefion has maximum periphery so

| ideal;ty we should hav Square oross gection of resistance rod so0 as

. 40 have _mifnimmn |
| Finally ’;«:e decided reaiatancgs to be ltgaf_de onﬁparoe};at.in tu‘bé

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, 6.3.3%0,
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6.4 AUXILIARY EQUIPMENTS 3

Impulse generator consists of s0 many auxiliary equipments, whieh
may be assembled with 1mpdlse 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 ete. we
haye made in one singiglunit, ;We;willvelaborate few auxiliary

equipments in the fblluw&ngvsectians.

6.4,). Charging Set t

Charging set is required for charging the capcitors of
impulse generators.vSincg;We'need higﬁ_vnltgge_n,c. supply we have
to have rectification techniques i?ef high.vbitage D.c,.is gbtained
with the hélp_qf rectifiers from 4,C, voltage. Again we have optior
to use half wave rectifier circuit, full wave or bridge rectifier
eircuit or voltage donbler or cockraft walton circuit ete., ZEach
type has its own‘advantages and disadvanégges. ?qr_instance_a
bridge rectifier needs four diodes and transibrmér, while voltage
doubler eircuit heeds q@l&_two di@des { aifferent rgtingvthan uéea
in bridge rectifier circuit). Similarlykthe rating of transformer
is also different for the same D.C, output in both cases. Seeing
the Qverall‘e§onomy i.e. ih'%ransfbrmers and rectifiers, we have
selected a bridge rectifier configuration for 30 KV D,C, charging .

set. At the same time we have provi@ion for increasing this value;



6elyelel Dgsign Ashect:

‘We are having a transformer of following ratings -
| 230 V50 KV, 0.5 KVA, as we kmow in bridge rectifier
configuration if secondary 4.C. voltage peak 1s B&, then average
DeCe output will be,g_ﬁ&.tﬂence the maximum D.C. output upto

g
wvhich the capacitors could be charged 1s 50 /2 KV.

The maoximum current of transformer secondary winding

- 0. KVA - 10 md;&-

| . 30x3.14
Hence minimum value of charging resistance = 57517)

(For 30 KV D.C. out put ) = 3.3 ML
Charging time = § RC

= 5 x 3.3 % 10% x C sgecs

| 6el4e1e2 Rectiflers and Transformers?

Most modern test sets employ selenlum rectifiers when
maximum output current is below 25 mA and silicon rectifiers '
when heavier currents are required. We can increase the voltage
or.eurrant ratings by connecting the rectiflers in series 6r
parellel respectively+ Since the loads are capacitive the lozd
impedance itself alds 1in the filtering.

While mounting the high voltsge rectifiers, adequate

spacing must be allowed between the assembly and any nearby
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groﬁﬁdedsurfaces to prevent arching, Assemblies with ratings

of 5 KV or below may be bolted directly to a mounting surface,
Higher voltage aaaembliés should be spaced in minimum éistance

of one half the terminal spaéing dimensian from the'grounded
surface. For higher altitndes'the voltagé ratings must be reducéa
to prevent arcing‘between the insulating terminals. This is due
the fact that air at high altitudes is rarefied and has lower

insulatirg capabilities,
6.4,1,3 Cperation 3

| | Thg ci:cuit diagram is_shpﬁn in Fig, 6,4,1,3, When we
press the éwitch Kt:#he supply voltage of 230 volts comes the
primry of_low voltage autbvtransfbrme:, whiéh is indicated by
red neon iamp. The output of the variac is directly fed to the
primary of high voltage transformer, and_the voltage fed 1s shown

by voltmeter. In order t0 measure high voltage of secondary
side a milliammeter is provided in series with a resistance, An
overcurrent relay has been provided in the load circuit., When
the current in the load circuit the preset value, the normally
closed contact N,G; gets open aﬁd_thgs the supply to the primary
gide of variac is automatically switched off,

6.4,2 Grounding Device ¢

For the safety of operating personnel it is very
necessary t hat the generator should be fitte& with a device

to eatth the condensers, when equipment is not in active operatic

-
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The earthing device may have the form of’suitablerswitch arm
~and could be operated mechanically or electrieally. For more
eophistication and advancement, the deviee nay he p*ovided |
with signal lamps and automatic interlocking. The syitch am
may be applied to the charging point of impulse generator and
then stages will be @ischargeﬁ through the various inter-stage
resistors or all the stagés may be connected directly to |
earth pointse. -

Iaring the operation of generatmr; sometimes, it nmay
be necessary to earth the equipment when condensers are fully
charged. If this ig effected by short eircuit switeh; there
will be a heavy spark hence one resistance 1s added in series
'with.the‘arm of earthing switch;

We are using copper rod with insulating handle for
grounding purpose. The serles resistance 1s 75 Ka.

6+4+.3 Triggaron Triggeriggicircuitx
Triggefing device has been assembledvin a draw out

cablnet and has been built by Miss Priti Dyivedi as a B.E.
Project. Please fefer to B.E. Project report 1980 by .
Priti Dwivedi. However 11 KV D.C. supply for this circuit has
been bullt as an integral part of impulse genérator'with |
capacitance of O-OlizF in the output éircuit. The circuit
dtagram of 11 KV supply 1s shown in figure 6.4e3 a-

- For the testing of triggatron circuit, 10 KV supply
built by Mr. A.K.Shrivastava and Mr. Mohd. Fariduddin, M.E.II
P.S.E. in 1978 was commissioned asnd _caiibrated- The circult
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diagram is shown in figure 6+4.3 b and calibration table

is given below?

Table 64443 ¢ Calibration Table

S.Nd. Ammeter Readings Output Voltage Remark
wead) oo (KV) ,
1. 6 0425 Corrosponding to zero
) | position of variac
2. 12 | 1 For input supply
: ﬂ ' : 180 Volts
3 . 18 ) 1 ﬂg ‘?dO"
" ke 2k 2 - ~do-
5 . ’ 30 265 ""&0“"

Iinear hereafter ¢ill 5 KV.

We eould not go beyond 5 KV as the capacitors of high voltage
rating were not avallable. We have used capacltors of D.z5 uF,

two_in serles.

Go‘t.},ch- TaVe @p {4

For consistancy of firing of sphere gaps the gaps sre
arranged one above other so that the sparking irredistion
of first gap will po to second gap and so on. To ensure
regularity of firing we provide artificiasl radiations. We

have used 220-230 Volts, 300 W ultra-voilet lamp for
Providing radiations to the zaps.
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7 IMPULSE GENERATOR OPERAT TON

While operating the impulse generator following Sequence of

ingtructions is t0 be followed:

1. For 30 XV Sat
a. Earth one pole of generator and one pole of object.

b. Plug in the supply points into 3 way socket 1 on the
front panel,

¢. Keep the auto transformer at minimum position,
d, Switch on the switch K, on the board.’

e. Move the auto slowly and thus high voltage 'ON' igs
indicated by red lamp 1;1, .

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

g. Check the output voltage reading with the help of -
calibratedt chart ( D.C. voltage output Ve Ammeter
current (mA) and ammeter A4 reading.

2. For 11 KV Supply

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

b. Switch on the switch K2 on the board.

¢. Check the output voltage reading with the help of
calibrated chart (D,C., voltage output Vs Ammeter
Ammeter current (mA) and ammeter A, reading.

3. For trigetron triggering device
a. Switeh on the switch K3 on the board.,
b. Push button ?1 to trigger the spark gaps.



§ DISCUSSIONS

The evolution of multistage circuit from the original idea of
Marx, now can meet any load conditions likely to occur in
rractice, Use of high voltage and a few stages is advantageous
from the stand point of simplicity and economy, as multistage
unit requiring a lovwer input voj_'t;age ig less v-subjeeted to

corona problems énd oife_rs furt‘her advantages of . flexibility.
In §Mapter % as we have shown the ex,et calculation is tedius
to perform and the complication enormously increased if attempts
are made to analyse the multistage circuit, with its many degrees
of freedom, coupled with the difficulty of 'ass igning 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,0, 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 direect veltage source, but it is expensive.

Ag we mow the capacitance of H.V, cables is roughly of
the order of 0.24 F per 1000 yardj 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 Syitzerland, Germany and Denmark. They

differ fundamentallys a high voltage cable is used in generator
capacitance, s0 that much higher charging voltage ean be

employed with this gystem all the complications of marx i.e.
series pérellel, spark gaps, adjustments etc. can be eleminated
entirely. In Felten und Guilleanme, Cologue. The’main capacitanc
comprises two dnume of cable which are charged to 700 KV. The
generator is for 1400 KV operation with a discharging energei

110 KW sec,

The resin bounded paper insulation is probably better
than procelain 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 5§ cycle test should be a type test on the complete
apparatus‘cr on component parts and may necessiatate testing
to_destruction, whilst the impulse testing pur pose should be
achieved by ordimary acceptance test, which should verify that
the appargtus is sound but should aveid any unnecessary rigk

of damge.

According %o Egqwards 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 psssing. In case

N T
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of wire wound resistance when their L/R rate is smller than
0.1 usec, the use of wire wound resistors are advantageous. 'Theﬁl
can be designed to have desired wvalue 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,

L

For a given pover rating the capacitance of»generator mst
be inversely proportional to the square of the voltage rating
of the test object. Hence it is deslirable to have a provision
that the condensers of the generatqr shoul.d pe readily arranged

in parallel when testing low voltage objects.,

The continued use of impulse genepator will make the gaps
pitted and oxidized, This will alter tﬁe wmiformity cf electrosta
ic field ip-the gaps and could affect the generator stability
ip two ways: | ) '
a.+ By making the @st slightly less sensitive to dust it coﬁid
increase the generator stability.

b. By raising the impulse ratio of gaps it would make ‘then more
diffidult fo trigger on the‘very shgrt duration over voltage
available and might poasibly 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 acconunt of its gimplicity and possibility of its
cost, However, thexe is first the fact thé higher the charging
voltage the greater ig difficulty and expense of supressing
discharge from the ~1'eads‘ during charging. Secondly a few
Jaﬁoratories can allow themselves the luxury of a range of
impulse generators é.nd space. Most of the labs have to content

: theﬁselves with one z.'eélly big one only., This may be used very
occationally at its full output voltages for most of the time it
is working at much lower voltage on a wide wvariety of loads.

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

multistage generator become valuable,
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