CHAPTSR III

DESIGN OF ML 32 KV INMPULSE VOLIAGE GENERATOR

Consideration

In the design of the impulse voltage generator, the important considerations are
dqélt with -
l. The required impulse out put woltage.
2., The charging equipment which provides the DC for charging the
generator capacitancec.
Therefore, a single stagec or mulﬁi—stage impulse genrerator is contemplated

depends upon the above considerotionse

Single -~ stage Impulse Generator
The single stoge impulse generator consists of a basiec impulse eircuit, the
charging equipment and a triszger sphere gape
It is mainly employed in low voltage applications. But in some cases, it can
'\ be made up to a voltage out pvt above 100 KV which is uscd in some large industrial
1aboratories;A However the out put woltages of 200 V to 10 KV are obtained very
inexpensively. Figure 3-1 shows a circuit diagrom of the single stage impulse

generator, .

Fige 3=-1. A single-stage impulse generator circuit
with charging equipment.
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The charging equipment is of a conventional type, incorporating either valve
o¥ metel rectifiers with DC voltage of 10 KV to 200 KV, In figure 3-2 shows a
half wave and o full wave rcctifier which may be usede If higher charging voltages
are required,the voltage doubling rectifiers (also shown) are used instead. One

Rl

of the popular used in Bigh voltage is the Cockeroft multiplying circuit.

l A, Half-wave 2
::] Be Full-wave

D., Cockroft doubler

Pige 3-2 Conventional rectificr circuits

The trigger sphere gap can be
l_c A simple trigger sphere gap.
2, A simple thyratron.
3. A special 3-ball gap waiich can be tripped by applying o \

momentary potential to the middle ball.

Note Relating to Alternative Trigger Gaps
When an oscillograph is uscd in conjunction with an impulse generators In
practice it is either.

1, to trip the opeillograph by sending a tripping pulse along the trip lead,



2. or to trip the impulse generator from the oscillograph.
The sccond is an alternative methody, and is known as controlled trippinge.

An excellent 3-ball gap is the air trigatron, given in figure 3-3. This
Trigatron is adjustable for sew’;‘tin,g purposes In operation, the electrode shell
of cast aluminum alloy is the earthed member of the bottom stage gap of the im-
pulse generator. When a tripping pulse is applied to the probe, a discharge
appears between the prove tip and the shell, The ionization thus produced is
fed into the main gap, which, being under electrical stress, is caused to break

dowme®
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Fige 3-3 Air Trigatron

The delay to the voltage plates of the oseillograph is brought about by the

time constant of the tripping eircuit, by Varying resistance or capacitance, or both.

Advantages of the Single-s‘bage Impulse Generator
Though the out put voltage may sound low, but there are important applications

at this level of voltage.
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The great advantages are
1. Since the out put voltage is not so high that recording on
oscillographs con be done directly, without the intervention
of potential dividers which contribute a small amount of erxrors
2. A lorge value of capacitance dan be incorporated in the gene-

rator, thus enabling high capacitance loads to be impulse testeds

Multi-stage Impulse Generator
General
The multi-stage impulse generator is a sound preposition of the single-stage,

whenever a higher out put voltage is required. 4And still small charging equipment

can be used and obtained inexpensively,

In figure 3-4, the generator of several stage capacitors are charged in parallel
and then antomatically discharged in seriess
Modification of Marx Circuit

The multi-stase impulse generator cireuit is built up on the Marx principles

The circuit operates as follow.
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Tige 3~4 Multi-stage impulse generator circult
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All the stage capacitors‘ are Qharged in parallel through the front resistances
R3 until they reach the value + Uo’ with their lower plates being at garth potential
because of their comnection to ground througl; the tall resistances R 4

If the gap &, breaks down,.( 8,1 813 8y eee arve set to spark one after the other);
’.ih‘ere will be a momentary redistribution of charge potential on capacditor Cl’ its .
top plate falling to zero potential, its lower plate, suddenly rising to ~ Uo.
Across gap g2 therefore, suddenly appears a potential 2Uo" and this gap then in-
stantly breaks down, This process is repeated in every stage of the generator, and
the ouj: put impulse voltage at terminal A is theoretically -nUo, if there are n
stagese

The full impulse is developed across the total tail resistances And it has
the advantage that the test objeet is maintained at earth potential wntil the ime

pulse appears across the tail resistance.

Analysis of the Multi-~stage Circuit

As an exercise in the design of a multi-stage impulse generator, consider
again the 4-~stage circuit of figure 3-4,

When the gaps have all broken down, the spark resistance in each gap may be
regarded as negligible compared 'bg the R3 and R4 resigtancess The circuit can
then be redawn as in figure 3-5 2.

But all the resistances are all of the same value, then by rcason of symmetxry

(equal potentials), so that the links may all be omitted. The circuit now resolves

itself into figure 3-5 be
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Pig, 3-5 Analysis of a 4 stage impulse generator circuit

of figure 3-4.

If let C! is the sum of Cl’ C,y and C3 in series, and R?! is the equipalent
resistance of scries~parallel circuit comprising E3 and R4. This reduces to figure

3"‘5 Ce
The final equivalent eircuit is simply a capacitor C .and a resistor R in parallel

shown in figure 3-5 de
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Alternative Circuit of Multi-stase Impulse

Generator

The alternative cireuit of Ffigure 3-6 is in popular use, It has also the

advantage of the test piece being at earthe potential until the impulse voltage

is applied,.
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Tige 3-6 An alternative schematic diggrom of a multi-stoge
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impulse generator circait.

The alternative circuit is different from that of the usual circuit that, the
bottom of the first capacitor stage is directly earthed, The gap is now issolated
from ground by a discharging or tail resistances,

However, the height of the generator is saved by one unit, bececause the generator
can be errected immediately upon the capacitor stage.

The equivalent circuit of this alternative multi-stage impulse generator with

its inherent inductance is given in figure 3-7.
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Fige 3~7 The equivalent alternative circuit

The Additional of Test Circuits

Usually, the impulse generator is operated in conjunction with test circuity

which results in a modification of the igpulse wave shape., Tigare 3-8.
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Fige 3-8 A 4-stage impulse generator circuit incongumeéticn

with the test circuit
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Such as the aggregate load c?.pacitance 02 effcets the wave shape by lengthen—
ing the front of the impulse wave. While a series resistonce R’Z is introduced into
the circuit betwecen the actual out put terminal of the generctor and the test object,
for the purpose of improving unwanted oseillations from the peak of the impulse
wave caused by the self inductance I'l'

The potential divider of the resistance variety type Rl is connected into the

circuit across the test object C,, then the generator resistances will have lower

0?
values, and the wave tail of the impulse will be shorteds
Since the inductance causcs oscillations of the impulse wave and it also
lengthens the wave fronte ’L’hén the inductance must be kept as low as possible.
Moreover, it is practicable to keep the ratios of 01/02 for at least 5‘ H 1’

in order to obtain the maximum efficiency.

The equivclent circuits are of the forms given in the previous chapter.

Design of the 32 KV Multi-stage Impulse Generator

Purpose of Miniature Equipments

For the production of ::mr;:ulse voltage of 32 KV peak used for apparatus testing
and for laboratory studyinge A small multi-stage generator charged up to a maxi-
mum of 8 KV can be useds This can be obtained inexpensively.

Miniature equipments are therefore emcellent for this purpose, as the technique

is identical with that adopted in the large laboratoriess

Capacitors

This small multi-stage impulse generator requires a number of individual stage

capacitors suitable for 8 KV charging,,(via suitable resist?'nces) in order to restrict

- - N —

# J,8.Ce 60: 1962.
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the number of stagesto 4, Iach will be st least Os1amT in capacitance, so as to
produce a discharge capacitugce comparable with standard equipments. Such as, in
the 4-stage generator four 0.1 uI would give a discharze capacitance of 0.025 m F,
a value in common use, With a DC charging voltage of 8 KV such a generator should,
neglecting losses, theproticolly be able to produce an out put voltage of 32 KV,
The capacitors of‘cylinqical plastic type are best assembled between two ine-
sulating side pannels, allowing sufficient spacing between them to give clearance
for the charging voltage s and to accommodate the charging resistors on one side and
the discharging or tail resistors on the other. Figure 3-9, these copacitors
areall short dircuit proof, so that they can be discharged without any damping re-

sistance, even when fully charged,

Figy 3-9 The 32 KV
multi-stage impulse

geneyator
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Resistors
For the charging voltage_ cnvisaged, ordinary l-watt carbon resistors of com-
mercial quality arc satigfieds The values of ecch resistor can conveniently be
all the same throughout for any equivalent discharging eircuite
However, it is preferable to use non-inductive wound wirc resistors in the
actual generator circuit, whenever the voltage exceeds 8-10 KV per resistors
The ohmic value of the wound wire resistoxg 1is depended on the length and the -
diameter of the wirc. The data sheet Silke resistonee ribbon is given in Appendii.
These resistors cre of such ample dimensions that cven with the grectest impulse
energies and short intervals, there is no excessive heating. The resistors used
exclusively for chorging, are wound in the normel way, but the discharging and
damping resistors are made in a speeial way to obtain a very low self-inductance.
Usually, the damping resistors ore provided in the right proportion to the total self
inductance and the capacity of the circuit, so that ’.the right wave shape is produced
and oscillatiors on the volBage  wave are prevented, The resistances of these re-~
eistors are given that.
Charging resistance 10 Ka / 10 KV each, 3 pieces
Discharging resistance 887,5 K2 /10 k\f eachy 4 pieces

Damping resistance 54 K2/ 10 KV cach, 4 pieges

30 KA /10 KV cach, 1 pieces.

Spark -~ Gaps
The spark gaps are mounted on two cylindical rods made cof insulating substancey,.

called plexiglasse 'ﬂhese gops arc actuated by hands, so that the spark gaps of
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all stages require gareful init#al adjustments But once set subsequent handliqg
is rarely necessary, |

The sparking distance of gaps is set at any desired spark voltage, with the
lowest gap leading and other gaps follow bne after the other, Resulting an impulse
voltage of the desired peck value ot the out put terminal of the generator.

The == spark gaps a;e of the steel balls about 2,5 cme in diamcier. Their

i 5 5 ) 1 ] ' < B
surfaces cre ®oated with chronfum in érdor tb have good sparking property.

-

Circuit Connecting Leads

The connecting leads betwcen the various components of the impulse ecircuit
should be kept as short as possible in order to minimize the self inductance of

the generator,

~

It sometines uses the thin strap of copper for this ourpose.

Earthing of Impulse Generator

The generator earth should have as low an inpedance as possible. The carthing
plates can be buried in the ground directly below the base of the generator position,
or otherwise the generator should be placed to the rearest point from the ground

position and used a copper strap as its lead.

Adaptability of Miniature Impulse Generator
The miniature generator is permissible to reduce the number of stages by the
simple cxpedient of removing two resistances, Sce figure 3-10, The following stages
can there be receivalno charge, so that the stage gaps beyond the last left in cir—

cult need not be opened out,
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Fige 3-10 Adaptability of miniature impulse generator
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There will be a slight change in wave fail length, but it is still possible
*
remain within the tolerance allowed. In any case, it is a simple motter to check the

\ wave tail, either by caleculation or by oscillograph, and to make whatever adjustuent

is necessarye.

Advantoges of Reducing of Generator Btages

The advantages of reducing the number of stages where possible are that
1, circuit loops, and thercfore inductances, are made smaller
2. the discharge coapacitance of the generator circuit is there by increased.
Both of these having a beneficial effect on the wave front which can be of valie
when testing loarge capacitance loade |

Another method to increase the generator capacitance is obtained by paralleling

generator stoagese

deaiin{o of Impulse Generator
If the impulse generator is place mear one wall of the H.V. room,
Clearance from the highest potential point facing the wall to the Wa:ll surface is
‘\ based von a figure of 11 KV per :?.nch. For instance, this 4-~stage generator with a

nominal output voltage of 32 KVa Then it can safely be situated 4 ing'. from the wall,

Charging Equipments
The stase capacitors of the impulse generator are charged by the charging vol-
tage, generctecd in a voltage doubler circuit; the scme given in figure 3-2, provided
with silicon or selenium rcctifiers.' Hach reetifier is suitable for 4 KV charging
woltage, with its DC out put of 8 KV, This DC voltage (8 KV) then charges the stage

capacitors of the generator through a suitabhe limiting resistor of the liquild typee

# See Chapter I,P.I10,



54

{
{

Its resistive value would be high enough,so that it will proteet the rectifiers
against damage when flash over in the spark gaps is occurred during discharging
processe

The polarities of the chorging voltage may be positive or negative.

Voltage DoublerCircuit
The voltage doubler circuit in which the selenium rectifiers arc connected
in cascade is given in figure 3-1l.. By means of the two sclemium rectifiers and
two capacitors of equal copaeitance, it is possible to obtain a steady DC voltage

(8 XV) with equals the peak to peak voltage of the rectified AC voltage ( 4 KV)e

Fige 3-11 Voltoge Doubler Circuit

The operation of this cireuit can be explained as follow: 4if the rcetifier
Rfl is disconnected, then the condencer Cl will charge to thc-peak suprly voltage ,
and the potentinl at point A will fluctuate between zero and twice the supply vol-
tages If now rcetifier Rfl is connceted, the voltage between A and ground will tend
to charge 02 to the peak woliape excisting at A, thercby giving thc possivilffty of

twice the peak supply voltage being obtained at the out pute
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The exact out put voltage of this doubler circuit depends upon the voltage
drop in the rectifier units, that is produced by the DC current that is drawn by
the load connected to the out puts As the load current is increased to the moderate

value, the out put voltage will drop off rapidly; i.e. the voltage regulation is poor

in this systern,

Data :
Ri‘l, Rf2 Iwo selenium rectifiers. R.C.A, maximun inverse
peak voliage 10 KV, maximum current 1 A continuously
in ambient temperature not exceeding 3000.
Cys G, Two condencers O.l"‘u‘F / 10 KV.

Liniting Resistance
The limiting resistors are of the liquid type shown in figure 3-12, The liquid
used is the pured water and is coantained in plastic tube of suitable length with
its ends arc of the hook type, make it possible to connect cach other on the insu-—

latorse.

Fige A-~12 Tdquid Resistors used as the liniting

resistances of the voltage doubler circuit



56

The resiswive value depends upon the length of the tube as well as the diameter;
i.e. the cross-scetion area of the tubes And the resistances are measured by «°

the neg-ohn ncter,

|
{ : 23
a0 o Highwyvoltage Transformer

A high voltage transformer of the oil immersed type is used. Herg /the low &
voltage colik is connected to the AC low voltage main of 240 / 489 V 50 Hz, so that,
the high voltage coil will give an out put AC voltage of 6/12 KV s+ This high wvoltage
coil is cgnnec'ted directly to the rcctifier doubler circuit with one bushing connectir
to ground.

The necessary power out put of the transformer is given by

p = 2 W &v2c x 1072 kva

where f = frequency of supply voltage ( 50 Ha')
V = AC out put voltage at the terminals in KV rms.
C = loading capacitance in PT

Here, the used transformer has a power of 5 KVA at the maximum out put of 12 KV,

Figure 3-13,

2KY

0 %

Mge 3-13 Power transformer
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Potentiometer

For w;ol‘bage variation of the low AC voltage supply, in order to charge the
rectified voltage at any desired voltagey a potentionmeter is connected to a 220 V
nains via automatic circuit divice for safety protections The tapping control is
taken to the low iroltage coils of the poweI; transforner across which the AC voltage

is indicated by a volt-meter. TFig. 3=1l4
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Fig, 3-14 Potentiometer

With this potentiometer, the AC main volfage is varied from O - 160 V corresponds

to high voltage oup put to the rcctifiers varied from O - 4 K¥, for the two low vOol—

tage woils of the transformer arc connected in serics.

DC Charging Voltage
The DC charging voltage of the wectifier doubler circuit is measurcd by means ‘
of a secries high resistance to xrrhich a microammeter is connectcde
With the resistance of 277.7 M-*“, the current rccorded by the nicroarmeter |

about 28/MA corresponds of 4 KV of the chorging voltage value,
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The calibretion of the charging voltage to micro-amperc is given in figure 3-15.

&v

Series resistance 277.,7 M-

2 For DC charging voltage 8 KV
" 8 KV
fleading = 377,717 #a-
/ = 2848 1+ A
” +- + + 5 -+ 5 . + + 5 5 + - y
Q /0 - 20 e

Fige 3-15 Calibrating Curve
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Operational Technique

The niniature impulse generator can be operatéd in relatively confined space,
or it should be worked in scroencq enclosures having openings interlocked with the
suppdy to the chorging equipnents,

The generator is sct up at one end of o table where grounding is available,
The controls of its charging unit should be on the right, close at hand, leaving enoug
floor in front left hond corner of the table for oscillograph, impulse voltage meter

and test data sheets Fig, 3-16,
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Fig. 3=16 Iayout of the generator for testing

Electrical Data

Impulse Generator

Nominal output impulse voltage 32 KV.

Number of stage capacitors in series 4 wnils.

1

Total capacitances Cs (each O.L)Qﬂ 0.025/1F
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Spark gaps ( 4 pairs of stecel Balls) 2.5 cme in diameter
Damping resistances £ & ola) . 216 &/ 32 KV,

192 02 / 32 KV.
Charging resistances | o 2n.) 30 K&/ 32 KV,

Discharging resistances [ & c¢u.) 3550 £/ 32 KV,

D-C Charging Equipnents
Selenium Rectifiers (R:’c‘l, R:f2) each 10 KV Inverse peak voltage

1A Inoxe at 30°C.

Condencers (cl, 02) cach 0.1 AP / 10 KV;

AC Supplied liains
Potentiomecter for AC low voltage O - 240 V 50 Hz. .
Power transformer for AC rectified voltage |
Low voltage coils 240 -~ 480 V. 50 Hz.
High voltage coil 12 KV. 50 (Hz.
Rated power 5 KVA at 12 KV 50 Hz.

Type oil irmersed

Control Desk

It contains all the controls and safety devices required for the installatione
There are controls for high voltage transformer, limiting the primary current of
the transformer, meters indicating pr:i.‘mary’."voltagc and current and the out put vol—
tage of the charging equipnentsy the C_.R.Ogh and impulsc voltmetere. It also carries

various equipnents and the data sheetsa



Accessories

Serics medsuring resistor  277.7 MQ/ 10 KV.
Sphere gaps for measureuent of inpulse voltage 25 cm. in dianeter,
copper balls : with one of it is earthed.
Load capacitances 2000 pF / 700 KV. 200 pF / 350 KV
4000 pF / 700 KVi 3000 pF / 750 KV
Series inductances 512 /;,H / 32 KV,
8,70 ol / 32 XV,
) 9.72 »H / 32 KV.
BExternal discharging resigtances 181 -/ 32 K¥.
2800 —*/ 32 KV.
Potential divider 7440_.62 T
dividing ratio 95.5 for positive and negative polaritics.
CRO., for recording the impulse voltages with cathode-roy tubes
and cammera bracket.
Comera . Kodoxy Rotina IV. 35 mi. lens. 8.8 T
Impulse voltmeter.

Trirping device.
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