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Abstract

This thesis presents the construction of High voltage DC
generaltor. This High voltage DC generator consist of a Transforamer,
voltage multiplier circuit Which employs the principle of Cockcroft
Walton voltage multiplier Which can generate DC+ and DC-  that can

divide to many layers to compose them, and Voltage divider.
#*“‘

~
-—

- According to the VolLage multiplier circuit theory. This

‘\-‘\_~
Projectf*WeNpre generate High voltage DC(DC+)output 42.42 Kv ( 5 states),

.":\u—'
and explain Lhe prinqip]e of Lhe High voltage measurement by series with

High impedance.
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Section 2: Test Procedures

2.1 General

2.1.1 Scope and Object. This standard is
applicable to: (1) dielectric tests with
direct voltage; (2) dielectric tests with
alternating voltage; (3) dielectric tésts
with impulse voltage; and (4) tests with
impulse current.

The objectives of this standard are:
(1) to deiine terms specifically relating
10 the above tests; (2) to describe 'meth-
uds for generation and measurement of
w0 voltages and currents; (3) to describe
test methods; and (4) to describe meth-
vds Tor the evaluation of tesl results »nd
to indicote criteria for acceptance or
refusal.

2.2 Tests with Direct Voltage

2.2.1 Definitions for Direct-Voltage
Tests.

2.2.1.1 Ripple. Ripple is the periodic
deviation  from  the arithmetic mean
value of the voltage. The amphtude of
the ripple is defined as half the diffex-
ence between the maximum and mini-
mum values. The ripple factor is the
ratio of the ripple” amplitude o the
arithmetic mean value.

2.2.1.2 Value of the Test Voltage. The
value of the test voltage is defined by its
arithmetic mean value.

2.2.2 Test Voltage.

2.2.2.1 Requirements for the T'est Volt-
age. The test vollage, as applied to the
test object, should be a direct vollage
with no more than 5 percent ripple

factor, unless otherwise specified by the

appropriate apparatus standard. Note
that the presence of the test object may
affect the ripple factor.

2.2.2.2 Generalion of the Test Volt-
age. The lest volisge is generally ob-
tained by means of rectifiers, but some-
times by cleetrosialic gencralors. The
requirements to be met by the test volt-
age sburce depend considerably upon
the Lype of appuaralus which is to be
tested and on the test vconditions. These
requirements are determined mainly by
the values and nature of the test cur-
rent to be supplied, the important con-

stituents of which are indicated in
2.24.
The output current rating of the

source should be sufficient to charge the
capacitance of the st object in a rea-
sonably short time (see 2.2.3.1). In the
case of objects having high capacitance,
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charging times of several minutes may be
required. The source, including the
storage capacitance, should be udequate
to supply the leakage and ubsorption
currents and any internal and externcl
partial discharge currents without exces-
sive voltage drops which might influence
the tesl results. For tests on internal in-
sulation, these currents are usually small;
but when testing wet insulators, leakage
currents of the order of tens of milli-
amperes, or predischarge pulses of the
order 10~ 2 C can be encountered.

For tests on contaminated insulators,
special circuits giving large output cur-
rents are necessary. Provisionally, il is
recommended that the source should be
such that when a pulse current of 500
mA is drawn for a duration of 500 ms
the voltuge drop during each pulse or a

sequence of pulses should not exceed -

5 percent when the repetition rate is
once per sccond.
2.2.2.3 Measurement of the Test Volt-
age.
2.2.2.83.1 Measurement with Ap-
proved Devices. The measurement of the
arithmetic mean value, the maximum
value, the ripple factor, and any transient
drop in the test voltage should, in gen-
cral, be made with devices which have
pas~ed the approval procedure referred
to in Section 3, Measuring Bevices. At-
tention is drawn Lo the requirements,
on response characleristics of devices
used for measuring ripple or transients.

) 2.2.2.3.2 Mecasurement with Sphere-
Gaps, in Accordance with Section 5. The
measurement  of only the maximum
values of the test vollage can be made
with a sphere-gap. The procedure usually
consists in establishing a relationship
hetween the spacing at which disruptive
discharges oceur and some other circuit
variable (voltage or current) related to

© self-restoring

SECTION 2

the test voltage (see Section 5: Voltage
Measurement by Means of Sphere Gaps).

The relationship may be dependent
on the presence of the test object and

. the sphere-gap, the precipitation in wet

tests, ete. Hence, it is important that
these conditions are the same during the
sphere-gap  calibration and the actual
test, except that during the test, the
sphere-gap may be opened sufficiently
to prevent sparkover. Attention is drawn
also Lo the possibility of erratic sphere-
gap measurements with direct voltage
due 1o contamination in the atmos-
phere.

The calibration is preferably made
al 100 percént of the test voltage,
e for lests on objects with non-
insulation, extrapolation
may be made from a value not lower
sthan 80 percent of this voltage. Extra-
polation may be unsatisfactory if the
current in the test circuil varies non-
linearly with the applied voltage.

2.2.2.4 Measurement of the Test Cur-
rent. When measuremenis of current
through the test object are made, a num-
ber of separate components may be
recognized which differ from each other
by several orders of magnitude for the
satne test object and test voltage. They
are: :

(1) The capacitance current, due to the
initial application of the test voltage
and to any ripple- or other fluctuations
imposcd on it,

(2) The dielectric absorption current,
due to slow charge displacements within
the insulation and persisting for periods
of a few seconds up to several hours.
This process is partially reversible; cur-
rents of opposite polarity being observed
when the test object is discharged and
short-circuited.

(3) The continuous leakage current,
wlhich is the final steady direct current
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TEST PROCEDURES

altwmed  at  constant applied voltuge
after the above components have de-
cayed to zero.
(1) Parvial discharge currents.
Measurement of the first three com-
ponents necessitates the use of instru-

ments covering a wide range of current -

magniludes. 11 is importanl to ensure
that the instrument, or the measure-
ment of any one component of the cur-
rent, is not adversely affected by the
other components. From the observed
current variation with {ime, in non-
destructive tests, information may some-
times be obtained concerning the condi-
tion of the insulation.

The relative magnitude and the im-
portance of each component of current
depend on the type and the condition
of the test object, the purpose for which
the test is being made, and the duration
of the test. Accordingly, the measure-
ment procedures should be specified by
the committee developing equipment
standards, especially when it is required
Lo distinguish a particular component.

Measurements  of  partial-discharge
pulse currents ure made with special in-
struments which are dealt with in IEEE
Std 454-1973, Recommended Practice
for the Deotection and Measurcment of
Partial Discharges (Corona) During Di-
‘electric Tests.

2.2.3 Test Procedures. The disruplive
discharge voltage of a test object is
subject to statistical variations. Some
guidance on methods for determining
voltages giving a specified disruptive
discharge probabilily is presented in the
Appendix.

2.2.3.1 Rated Withstand Voltage Tests.
The voltage should be applied to the test
object starting at a value sufficiently
low to prevent any cffect of overvoltage
due to switching transients. It should be
raised sufficiently slowly to permit ac-

IEEE
Std 4-1978

curale reading of the instruments, but
not so slowly as to cause unnecessary

. prolongation of stressing of the test ob-

jeel near to the test voltage. Generally,
these requirements are met if the rate of
rise above 75 percent of the estimated
final voltage is about 2 percent of the
test voltage per second. 11 should be
maintained for the specified time and
then reduced by discharging the smooth-
ing capacitor through a suitable resistor.
The requirements of the test are general-
ly satisified if no disruptive discharge
oceurs on the test object.

The polarity of the voltage or the
order in which voltages of each polarity
are applied, and any deviation required
from the above, should be specified by
the appropriate apparatus standard.

2.2.3.2 Assured Disruptive Discharge
Vollage Tests. The voltage should be
applied and razised in thc manner de-
scribed in 2.2.8.1 until a disruptive
dischurge occurs on the test object. The
value of the test voltage reached just
prior to the disruptive discharge should
be recorded. The requirements of the
test are generally satisfied if this voltage
is not higher than the assured disruptive
discharge voltage on cach one of a speci-
ficd number of voltage applications.

" 2.3 Tests with Alternating Voltage

2.3.1 Definilions for Allernating-Voltage
Tests,

2.3.1.1 Peak Value. The peak value of
an alternating voltage is the maximum
value, except that small high-frequency
oscillations arising, for instance, from
partial discharges arc disregarded.

2.3.1.2 Root Mean Square Vilue. The

rms value of an alternating vollage is the
squarc rool of the mean value of the

.1



MEASURING DEVICES

or on request in connection with a par-
ticular test, to ensure:

(a) That the scale factor of the measur-
ing system has nol changed from the
value determined in accordance with
3.1.4.2,

(b) That the interference level is suf-
ficienuy low,

3.2 Measuring Sysiems for
Direct Voltage

]
3.2.1 Quantities to be Measured, Ac-
curacies Required, and Requirements
of the Measuring System. The general re-
quirements for direct voltage measure-
ment are as follows: .

to measure'the mean value of the volt-
age with an error of not more that 3
percent

to mecasure the peak-to-peak ripple
amplitude with an error not more than
10 percent of the actual ripple ampli-
tude or not more than 1 percent of the
mean value of the direct voltage, which-
ever is the larger.
A
NOTE: In certain cases, it may he necessury Lo
detect and mcasure trensient components No
requirements for this are givefl Liere, but rome
puidance may be obtained from the sabsection

of Section 4 dealing wilth impulse voltage mea-
surements.

These requirements will be met if the
system meels the general requirements
of 3.1.4 and the performance tests
specified show that:

(a) The voltuge ratio of the voltage
divider or the value of the high-voltage
measuring  impedance  is stable  and
known with an crror of not more than
1 pereent.

{h) The current drawn by the voltage
divider or the high-voltuge impedance is

- - o e
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not less than 0.05 mA (but see Note).

(¢) The frequency response of the sys-
tem used for measuring ripple voltage
is adeyuate and known to within 10
percent for frequencies from the funda-
mental of the ripple frequency up to five

- times this frequency. .

NOTE: In the case of high-impedance systems
invalving cither u voltage divider or high-voltage
measuring impedance, it may not be possible
to eomply with (a) and (b). In this case, an
error of up to 3 pereent is permitted if a stun-
durd instrument asccording Lo 8.1.4.1 is used for
the measurement of the mean value, but this
may resull in the overall error slightly exceeding
3 percent which is still acceptable. This should
be noted in the test report.

3.3 Measuring Systems for
Alternating Voltages

3.3.1 Quantitics to be Measured, Ac-
curacies Required, and Requirements of
the Measuring System. The general re-
quirecments for alternating vollage mea-
surement are as follows:

to mcuasure the peak or rms value of
the voltage with an error of not more
than 3 percent

Lo meusure the amplitude of harmonics
with an error not more than 10 per-
cent of the harmonic amplitude or not
more than 1 percent of the funda-
mental, whichever is the larger.
NOTE: In certain cases, it may be necessary Lo
measure voltage transients superimposed on an
alternating voltage. No requitements for this are
given here, hut some guidance may be obtained
from the subscction of Scetion 4 dealing with
inpulse voltage meastiements,

These requirenents will be met if the
system meets the general requirements
of 3.1.4 und the performance tests speci-
fied show that:
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