62

CHAPTER IV

MEASUREMENT OF IMPULSE VOLTAGE

! 2
Measurenent of Voltage with Sphere gops 4

A sphere &op is a simple instrunent used for the determination of the peak
value pf a voltage waves It moy also be used for the checking and calibrating of
the voltage-mecsuring devices for high-voltaze testse

The chief point is that, the impulse voltage wave must be frece from oscillations
as possible, since the sphere .gaps generclly measure the peak value of the voltagee.

By neans of the sphere gaps, the peak voltages may be neasured from about 2 KV
to about 2,500 Kv; Appa#endixil. These tables nay used for the measurcnent of in-
pulse voltages of negetive and positive polarity, and of wave shapes having fronts

of at least 1 M8 and times to half valﬁe of at least 5 48,

The Sparking Distance

The sparking distance between spheres should prelerably not exceed 0.5 D,
that is (figure 4-13.
S £0,5D soe =l
where D is the spheres dianeter.
The aceuracy of the results will be +3 percent if this condition is fulfilleda
The impulse breckdown voltage of a given gap is token as the voltage vhiech

causes breakdown in 50 percent of the applications,

Sizes of Spheres
The standard spheres arc of the following dinnmeters: w 2.0y 5.0, 6425, 10,0,

12,54 15,0, 25,0, 50.0, 75.0, 10040y 150.0 and 20040 centineters respectively.
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The measurcnients of the corrcet curvature are made with o spheroneter at va-
rious positions over an area enclosed by a ci;"cle of radius 0.3 D about the sparking

point. The errors in reading of 4+ 04001 D of the correct diameter are allowables

“Position of Spheres

The sphere gap should be situnted in a space conparatively free from external
electric ficlds and from bodics and suffaces which night distort the field between
the sphercs.

The vertical nounting of the one earthed sphere gops is given in figure 4-l.
The distance from the sparking point of the high voltage sphere to the equivalent

#*
earth plane to which the earthed sphere is connectcd is given by the expression,

u .
( 025 4 "3‘%89‘& ) neters 4 see =2
note that, when the large sphercs are used for the neasurcment of low voltages,

this expression may have a very small value, Thus the liniting distance shall not

be reduced to less than a spherc diameter in any circunstoncese
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Fige 4-1 Sphere-gaps used in neasurcnent

The above express valids only, when no conductor or body having o conducting
‘surface shall be nearer the spark point of the high valtage sphere than the distance

given by the cxpression.

* WoG.Hawley, Impul se Vdf.ggg Testing,Chapman & iall, Ltd., London,I959,P.67.
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Surface of Spheres

The spheres of brass, broze, steel, copper, cluniniun alloys gre recommended to
be used, The surfoce of the sphercs should be cleaned irmediately before use with
a dry chamois leather to renove grease filns, dust or deposited noisture. Afterwards

the spheres shall not be handled.

Using of Spheres
It is ndvisable to repeat the preliminory discharges until the breckdovn vol-

tage for o given sparking distance beeones constant before test readings are takene.

The sufficient duration of discharges to prevent any appreciable heating of the

spheres must be at the rate of one every 5 sccondsSe

Correction for Air Density

With decrecsing presmurc and inereasing tenperature, the breakdovm of the sphere

gop will decrcaseyand it is nearly proportional to the relative oir density, given by

P 273 + 20 _ D.386p :
K§ = 76 ‘2'273‘7%—} NG 4 tev Ao
where p is thc baronetric pressure in m. Hge.

t+ is the temperature in %
and Ki is the relotive oir density or correction factor . Foxr the rapid

determination of K is given in figure 4~2.
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Figs 4~2 Air density corrcction factor

8 2 g uh is the breckdown voltage for the standard atnospheric conditions;
t = 20%
— P = 760 mn, Hg, eoe Jupl

then the correet voltage for other atnospheric conditions is given by

u, = K eee J=5

The sparking disbance corresponding to a certoin breakdovm voltage under standard

atnospheric condition is given in Calibration Tables in Appaendix IH.

Effect of Atnospheric Hunidity
The other atnospheric condition éffects the sparking distan‘ees covered by the
calibration tables in Appgendix HI is the hunidity of the aire The breakdown vole
tage of the sphere éap is independent of ity such as the deposited dew on the sur—

face of -spheres lowers the breakdown voltage and invalidates the ealibrations.
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25
Measurenent of Voltage by CRO and by Calibrated

Potentioneter

This is the only nethod ajplicable to the negsurcrient of inpulses vol‘tages:,
It is also clear necessary for de'tge:mining the inpulse voltages chopped and the-
tine to puncture of the test sansles.

TFor the measurement of high impulse voltages, a potential divider is necessary
for the purpose of tapping off a sa.npie of high impulsevv‘oltages sufficient for
producing a suitable deflection on the rccording device. But attention st be

given to the accuracy of the potential divider under conglderctions

Capacitance Potential Divider

The copacitor divider is shown in figure 4=3. It is sinply represented as
two inpedonces Zl and Z2 in scries, and the sample voltage required for neasurenent
being taken from across Z2 by

u2=z_+zu eee 4“6

The voltage u, is normally o few hundred volts at nosty Z, is adjusted to a

2

value sufficient to produce full secale deflecetion on a CRO,.

2
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Fig. 4-3 Copocitor divider

It is sometines convenient to write down the dividing ratio

.Cl

T " T cer 48

Resistance Potential Divider

The resistor divider is widely used, its resistance value has to be taken into

account in relation to the equivalent resistance of the generator itself, in order

to ensure the correct value of the wave-Boil required.

The length of the divider depends upon the surface flashover gradient (in the

order of 8-10 KV/in.) and the resistonce value, Thercfore it is indxtricably

bound up with the sclf-capacitance of the resistance ecolunn given by

1,11 L
o .

= ~ pF eee 4=9
2 {1 28 1] .~ 1,09
S 7

where L is the length of the colunn in cna,

r is the radius of the eolunn in one



2}
e

This expression is valid for a vertical colurmn with one end just not in con-

toct with the ground plane, an’ the tinme constant RC must not exceed the duration

of the wave~front tl. Otherwise, the divider was not behaving corrcetly..
The resistor divider is shown in figure 4~-4, ond the dividing ratio is

n = -“——-—R2 eeea
R R1+R2 ea 4=10
ur
’,'
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Fig, 4-4 DResistor divider

CRO and Resistor Divider Circuit

Usually, it is not possible to record the voltage directly on the voltage arm

of the divider, because ¢f thc nccessary clearance between high voltage leads and
. 30

the recording instrument, Then the divider and recorder are connected by a coaxial

neasuring cable; figure -5
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Fige 4-5 Resistance potential divider recording circuit

This delay pable represcnts an additional lead for the divider and a possible
source of additional errors.

The resistor R is added at the CRO and of the delay cable for matching purposcs, i
that is,

R = Zc sse 4‘-11

The dividing ratio of the eircuit is then,

+ 7 .
V)R = Rlz g Ve 4"'12
2

Here the equivalent inpedence Z2 of R in parallel with R2 is given by

RZR

Z2 = R2 -I-R sve 4"‘13

Therefore, the voltage wave transmitted along this delay cable is neither

doubled nor reflected at the plates of the CeReO4
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The Delay Cable

The delay eable is a sereened lead used to convey the sample of the impulse
voltage wave tapped Qeross the low voltage arm R2 of the potential divider to the
voltage plates of CRO,

In practice, the length of the delny cable is of a few neters and its surge
inpedance Zc is 76 ohns. Thus the tine talkten by the travelling wave is ample for
the CRO to get sct in. The wnve shape at CRO is no substantial difference fron
that produced by the generator.

At'bennatiog?in o delay cable cannot be avoided, and in any case, can be deter-

“
mined and allowed for in oscillogrom analysis.

The CRO Trip Lead
‘Ble‘ CRO has a sweep circult associated with a paif of X-plates for producing
a single tine-sweeps These X plates, between the electron bean passcs, forn part
of a Balanced R-C circuit is discharged by neans of a 3 elecctrode devicee.
Bu: the nethod adopted in this thesks is to have an@erial wirc suspended at
a safe distonce fron the generator when the generator operates a potential is picked
up eledtro-statically by the arial and conveyed to the CRO tripping device. The

aerial wire should be terninated in a resistance nt the CRO end to suppress reflec-—

tions along its lengthe.

28,31
The Osecillogran

In dealing with an oscillograph, it is nccessary intinately to know one's ine

struzent, os well as to have a good working knowledge of transient theory. It is

also necessary to acquire o good cye 80 as to sce the front of an impulse wave on
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the screenj for an oscillogron which does not show the start of o wave is as good
as uscless.,

If, in taking an oseillogron, there is any doubt or any ocecurance indeed
vhich nightlnar the oscillogran, if is wise precaution to toke, 1if possibley a
repeat shote.

An oseillogran should showrnot only the inpulse wave, but also o zero line, a
timing oscillation , and a calibrating line, -Although the actunl oscillogran is
not absolutely essentialy it must go into the preparation of a hand drawn repro-—
duction,

Each negotive of an oseillographic fild should be replaced by a figurc nunber
stuck on the corner of the film with indelible ink before reproductiond

Sone‘times,'o. steep wave-front can be seen on a negative but gets lost in reprodi
tion of a print, In this casey, it is probably better to rely on a hand-dramwn repro-

duction.

© ureen sean vemmeas ruves

TYPE 565-DUAL-BEAM OSCILIO:

PF Mg
s @ )

Fbe oseillograph is showm in figurc 4—-6._}_“
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Inpulse Voltneter

The inmpulse voltmeter; figure 4=7, is a neasurirg instrunent to indicatc di-
reetly the sample of impulse voltage taken fron the potential divider. For accura-
¢y in neasurcnment, the meter must be warnmed up for at least half an hour, and the
reading must‘bo oalibrated between O ~ 200 volts both for positive and negative

neasurcrentse

N~ CALIBRATION
MEASUREMENT

/— x1
X2 | TerRmivaL

RESISTOR
— x4 | INPUT

—x6

\— DIRECT INPUT

Fige 4=7 Impulse voltneter

This impulse voltneter has a selective multiplier seale, in order to measure

any value of impulse voltagcs for the accurate readingse

= e



73

Accuracy
For every new measuring set up, the delay cable must be shoried at the po—
tential divider terminals,.so thot no signal may be shown on the CRO if a signal
is applied to the high voltage terminal of the divider,
But if there may be a signal caused by any sheath current on the cablé, then
the sheath of cable must be groundeds This grounding of sheath' of cable also

29 in the cable.

prevents the interferance of the travelling wave
More~over, any magnetic or electric fields must be prevented from +the CRO,
thus a Faraday cage or net is used to aveid these errors.
In measurement, the impulse measuring devices shall be approved for tests,
such that, the response time of the whole circuits should hot be more than the
values given below,

*
Impulse shape to be recorded Response time not more than Aarror

Full standard impulse and

standard impu;l_se chovped on 0.2 /uS 3%
the wave tail.

Impulse voltagg chopped on =

the wave front, - 0.05 1;3' us 5%

Impulse voltage 1l.2/5 wave 0.2 MS 3%

*
BeW. Stanb, Introduction to High Voltage Technique, Chulalongkorn
UniverSity, Sep‘t., 1968, P 15-
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