ARCHIVES

. Recommended Guide

for
MAKING DIELECTRIC MEASUREMENTS
IN THE FIELD

@ THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS

A



http://www.avadocuments.com/doc/ieee-62-1958
http://www.avadocuments.com/doc/ieee-62-1958

IEEE
Std 62-1958

Recommended Guide

for
MAKING DIELECTRIC MEASUREMENTS
IN THE FIELD

\ g

Published by
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS
345 East 47 Street, New York, N. Y. 10017
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 20:22:17 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 62-1958


http://www.avadocuments.com/doc/ieee-62-1958
http://www.avadocuments.com/doc/ieee-62-1958

ACKNOWLEDGMENT

The Institute wishes to acknowledge its indebtedness to those who have so
freely given of their time and knowledge in the preparation of this Guide.

In the development of this Guide full credit is extended to the Dielectric
Measurements in the Field Subcommittee of the AIEE Committee on Instru-

ments and Measurements, the membership of this Subcommittee being presently

as follows.
E. B. Curdts, Chairman
W. H. Wickham, Vice-Chairman
J. H. McWhirter, Secretary
Working Groups
General Sections A-C Sections D-C Sections

W. H. Wickham, Chairman F.C. Doble, Chairman A. W.W. Cameron, Chairman

C. A. Duke 1. G. Easton P. H. Ware
J. H. McWhirter K. M. Stevens R. L. Murray
J. S. Johnson 0. E. Stamm J. C. Parker
W. S. Price E. L. Schlottere J. L. Kuehlthau
E. A. Elge R. J. Alke W. F. Dunkle

H. S. Endicott C. W. Ross

F. S. Oliver A. Pletenik

2

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 20:22:17 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 62-1958


http://www.avadocuments.com/doc/ieee-62-1958
http://www.avadocuments.com/doc/ieee-62-1958

Contents

Section Page Section Page
1.00 PURPOSE . .. e 5 6.00 DIRECT-CURRENT
MEASUREMENTS ... ... 20
200 SCOPE e
00 SCOFR i 6.01 General ... 20
3.00 GENERAL CONSIDERATIONS .____.. 6 6.02 Theoretical Considerations _........_. 21
3.01 Temperature of Apparatus 6.021 Conduction—Insulation
Under Test ... 6 Resistance .__..._.............. 21
3.02 Environmental Influences _........_.. 6 6.022 Irreversible Absorption....._. 22
3.03 Dielectric Networks ..._.._.....__..... 6 6.023 Absorption. ... 22
304 Test Leads ... ... ............. 8 6.024 Geometric Capacitance .._..... 22
3.05 Safety of Personnel ... ... 9 6.025 Polarization Index ........_.._. 22
6.026 RC Product eoeeeoeooeeeemaa. 22
400 SPECIFIC APPARATUS ... . 9 roduct
P . . 6.03 Test Equipment ... ... 22
01 Rotating Machines e T 9 6.031 Test-Voltage Sources ......... 22
4011 General Considerations...._._. 9 6037 Thstraientation ... ... 24
4.012 Test Methods .................. 9 604 Test Circui 24
4013 Test Conditions ._............. 10 : 63:; ‘,If“;‘;—": ----------- o
4.014 Multi-Terminal Networks_... 11 ’ essh-. l?it.npment Har 25
4015 Test Leads ............... 11 6042 S € "‘é----&-: ---------------- 5e
4.016 Safety of Personnel ___......... 11 i pecimen Luarding ............
402 Transformers Regulators and 6.05 Test Procedure and Methods ........ 26
’ DTS 2 BCE 1 6.051 Grounding Specimen .......... 26
4021 General Considsratons . 1 602 High Momentary Carrents. 26
4022 Test Methods ... ........ 11 6053 TEMBETAMIE ooooooeo e 26
4023 Test Conditions ............... 12 i i TS 20
s . 6.055 Voltage Application ....._..___ 26
4.024 Multi-Terminal Networks._.. 12 6056 E
4025 Test Leads ............... 12 6'05 xiraneous Corona - 27
4,026 Safety of Personnel ._....._._.. 12 057 est Methods s o 4
403 Cables 12 6.06 Safety of Personnel. ._....__.._......._. 28
4.031  General Considerations ..... 12 700 ALTERNATING-VOLTAGE CORONA
4032 Test Methods .................. 13 MEASUREMENTS oo 28
4.033 Test Conditions ._..........__.. 13 701  General 28
4.034 Multi-Terminal Networks.... 14 : ETBY eorrremorn
4.035 Test Leads oo 14 7.02 Measuring Methods ._.._._._.... ... 28
4.036 Safety of Personnel .__....._._. 14 7.03 Measured Quantities ...._._._........... 29
4.04 Circuit Breakers .............o......... 14 7.04 Some Factors Affecting
4.041 General Considerations ...... 14 Measurements _.._._.................. 29
4042 Test Methods ............__...... 15
4.043 Test Conditions -............... 15 8.00 ALTERNATING-VOLTAGE
4044 Multi-Terminal Networks.... 16 DISTRIBUTION MEASUREMENTS 30
4.045 Test Leads __............ ionennnn 16 801 General ... ... ieiiiannns 30
4.046 Safety of Personnel .._...._._.. 16 802 Test Methods - oo 30
4.05 Lightning Arresters ... 16 8.03 Safety of Personnel..................._. 31
406 Capacitors ... 16 THSTE OF INSULATING
9.00 T F INSULATI
407 1 lators ..o 16
nswiators LIQUIDS oo 31
5.00 Loﬁg’;f%gggiggv I?.JC‘)JS‘;’-C?{IZII; 9.01 Dielectric Strength Tests .._._..._._. 31
ACTERISTIC MEASUREMENTS. _ 17 9.02 D'etermmatxon of lfow.;ve-r Factor..... 31
S0l G 1 17 9.03 Direct-Current Resistivity
. SHETAY sxsesscassmsersssmssesssnassiastess Measurements ... 31
5.02 Frequency -oo.ooeooiomiiiiiiao.. 17
5.03 ‘Test Voltage -_..oooooeooee . 17 10.00 SURGE COMPARISON TESTS ........ 32
5.04 Measurements --.....oooooooooo.. 17 1001 General ... ... 32
5.05 Test Circuits - oo 18 10.02 Test Methods ........................... 32
5.06 Safety of Personnel ._.................. 20 10.03 Safety of Personnel .__..._._...... ... 32
3
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 20:22:17 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 62-1958


http://www.avadocuments.com/doc/ieee-62-1958
http://www.avadocuments.com/doc/ieee-62-1958

Recommended Guide for
MAKING DIELECTRIC MEASUREMENTS IN THE FIELD

Section 1.00
PURPOSE

(1) Low-frequency, low- and high-voltage loss-
characteristic measurements.
The measurement at power frequencies of

1.01  The primary purpose of this Guide is to present power factor, dissipation factor or watts 1?55
and discuss the applicability and limitations of the and capacitance or charging current; or equiv-
various measurement methods now in use, or avail- alent quantities which define the electric circuit
able, for testing the electrical insulation of power constants of the test specimen in the voltage
apparatus in the field. range of approximately 80 volts to 50 kilovolts

Although factory tests assure the initial quality or higher.
and condition, electric apparatus is subject, during (2) Alternating-voltage corona measurements.
shipment and installation and in operation, to in- The determination of the presence of corona
fluences which may affect the insulation and shorten discharge in the test specimen, usually related
its useful life. As a result the practice has grown to the magnitude of the applied power-frequency
of testing the insulation in the field from time to voltage. The presence and the severity of
time to determine its suitability for service and to corona are usually determined by indirect
detect deterioration which can often be checked or means; for example, by the resultant increase
prevented by suitable maintenance procedures. in dielectric loss or by the measurement of
Various electrical characteristics of the dielectric high-frequency components in the current
have been suggested, and used, as criteria for judg- (3) Alternating-voltage distribution measure-
ing the quality and condition of insulation. In this ments.
Guide the instruments and measurement techniques The measurement of the potential of the ter-
for determining these electrical characteristics are minal electrodes and of one or more defined
presented. The Guide is a summary of the present points between the high- and low-voltage elec-
state of the art and is intended to serve as an aid trodes of the test specimen, usually with applied
in obtaining reliable and accurate data. The inter- voltage of power frequency.
pretation of data as it relates to the quality or (4) Direct low- and high-voltage insulation re-
serviceability of insulation is beyond the scope of gistance measurements.
this publication. The measurement of the current-voltage re-

1.02 The purpose of this Guide is also to consider latl.O“Shlp of the tf?St specimen Wl_th the appli-
the special conditions encountered in field testing, Fatmn’ for a specified .txme, of direct voltage
and their effect on instruments, methods and pro- m‘ the range ,Of approximately 500 volts to 75
cedures for making tests on the electrical insula- kilovolts or higher.
tion of power apparatus. (5) Direct low- and high-voltage absorption or

“In the field” refers to the location of apparatus registance-time measurements.
in operating position or where environmental con- The measurement of the insulation resistance,
ditions cannot readily be controlled. or total current, as a function of time of ap-
To make tests on electrical insulation in the plication of a fixed voltage. Alternatively a
field requires special instruments and measurement measurement of absorption current as a func-
techniques. Equipment must be suitable for trans- tion of time on discharge may be made.
porting to the site, connecting to the apparatus in (6) 60-cps breakdown tests (liquid samples
position and operating on location. Since environ- only).
mental conditions cannot be controlled, their effect The determination of the dielectric strength
on the measurements must be eliminated or evalu- of samples of insulating fluid from or for use
ated. Test procedure must be safe for personnel in power apparatus.
working with high voltage and in proximity to (7) Surge-comparison tests.
energized apparatus. The evaluation of the insulation between turns
of coil structures by a comparative impulse
Section 2.00 test.
SCOPE (8) 60-cps withstand tests.
The demonstration of the ability of the insu-
2.01 The following general methods of test are either lation to withstand a specified 60-cps voltage

discussed or referred to in this publication:

for a specified time.
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(9) Direct-voltage withstand tests.
The demonstration of the ability of the insu-
lation to withstand a specified direct voltage
for a specified time.

be obtained. If the temperature of the insulation
surface is below the dew point, surface mois-
ture may have a marked effect on the dielectric
measurements particularly if the surface is
contaminated with airborne deposits. Best re-

2.02 All electric power apparatus in all voltage and . . . X
power ratings is considered in this Guide, as for Sl_‘]ts are obtained when thfz mS}llatlon 1S
example: rotating machinery; transformers, regu- shgh'tly warmer thfm the ambient air and the
lators and reactors; cables; circuit breakers; light- relative humidity is bel<.)w 60 percent. Tests
ning z_;rreste.rs; capacitors; insulators; hot-line :Ezy ;;:1;::::2 a:nZ:i', Zﬁg:ngste:;e;;zz; »\:t\e:
tools; insulating liquids. temperature higher than the freezing tempera-

Section 3.00 ture of water. Measurements made at tempera-
GENERAL CONSIDERATIONS tures near the reference temperature are pre-
ferred in making comparisons because of the

3.01 Temperature of Apparatus Under. ’I"est. . uncertainties in applying empirical temperature

As a general rule the characteristics of dielec- corrections for large deviations.
trics vary with temperature, the most variable of . . .
the quantities mentioned under 2.01 being those re- (2 E.nv1ron.mental electric a.nd magnetic fields.
lated to the low-frequency loss characteristics and Dielectric .measurer.nfan.ts n th? field must often
the direct-current insulation resistance. In order to be made in the vicinity of ‘l“’e apparatus so
make proper comparison of results it is necessary that_ measurements made at line freguency may
to make all measurements at the same temperature be mf}uenced by stray ﬁ‘fl‘?s‘ .The influence of
or to apply corrections to reduce all results to a ele_ctrl'c fields can be‘ minimized by properly
common reference temperature. In the field the shielding the measuring apparatus and con-
temperature cannot readily be controlled so tem- necting 'leads. The influence of magnetic ﬁe!ds
perature corrections are usually applied. These is principally the eﬁ‘?‘:t on the indicating in-
temperature corrections are empirical and will vary struments and necessitates that they be ade-
according to the type and the condition of the qutatelylshxelded. The efffetct °£ St‘:{ ﬁelfis flro;"
dielectric. external sources can often be determined by
For the application of temperature corrections measurements with reversed polarity f’f the
the desired temperature is the average temperature test source. The use of low-vc31tage Instru-
of the dielectric. Usually this temperature cannot ments w}uch operate at power-.lme frequency
be measured directly but must be approximated may be impractical in some sw'ltch—yard loca-
from other temperatures obtained by available meas- tlons' because of the large influence from
uring means as for example oil-temperature indi- electric fields.
catos's, imbedded detectors, conductor resistance, 3.03 Dielectric Networks.
aPplxed. thermometers or thermocouples and am- Since dielectrics are used to insulate electric
blent-al'r .thermomet‘ers. ) conductors from one another, any two conductors
Conditions of rapx.dly changing dielectric tempera- become electrodes for the application of voltage
ture should be avoided for most accurate results. used in testing such dielectrics. These electrodes
The temperature of the_ dxelec.tnc under test therefore become the terminals of a basic two-ter-
Sho?ld be abO\.re. .the freezing point of water to minal electric circuit where the dielectric is the
avoxd‘ the ;30551b111ty of any moisture freezing in circuit under consideration. The dielectric under
the dxel?ctrlc and thus.changing the losses due to test may have numerous conducting or capacitive
free mmsture_ and making difficult the detection of paths throughout its structure, thereby forming a
unwanted moisture. complex electric network, but when only two
3.02 Environmental Influences, electrodes are available for the application of a

(1) Atmospheric conditions.
Dielectric measurements on insulation which
is exposed to the air may be influenced by
atmospheric conditions. For example exces-
sive humidity may result in surface moisture
and consequently increased low-frequency loss
and decreased insulation resistance. The quan-
tities which should be measured to suitably
define the atmospheric conditions are wet- and
dry-bulb temperatures and, for withstand tests,
barometric pressure. From these measurements
the relative humidity, absolute humidity, vapor
pressure, dew point and relative air density can

test voltage it remains a two-terminal network.

In some cases the two-terminal network may be
converted to a three-terminal network by applying
a third conducting electrode or terminal to certain
surfaces of the dielectric. A sample of a simple or
basic two-terminal network would be a single sus-
pension type porcelain insulator. Figure 1 shows
such a network, C: indicating the capacitance in-
volved, R, indicating the volume resistance, and
R, indicating the surface resistance. The dotted
connection to R, indicates how a third terminal
may be made available by applying a metal band
around the surface of the dielectric.
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Figure 1.

Some forms of electric apparatus have several
conducting elements or electrodes separated by in-
sulation, so that numerous terminals are available
in the network. Since all electric apparatus in field
service requires insulation to ground, all apparatus
to be tested will have ground as one of the elec-
trodes. For example, a two-winding transformer
has a grounded electrode formed by the tank and
core, and two ungrounded electrodes, each formed
by one of the windings and its associated bushings.
If there are n ungrounded electrodes then the num-
ber of dielectric circuits to ground is s, the
number of dielectric circuits between ungrounded
electrodes is ¥4 n (#—1), and the total number
of dielectric circuits is 14 » (n+1).

In general, dielectric measurements in the field
are made during the application of either direct
voltage or single-phase alternating voltage to the
insulation in question. Therefore, essentially two-
wire (two-terminal) devices are used to test multi-
terminal networks. A third (guard) terminal may
be provided in the test device to make it possible
to eliminate from the measurement the insulation
associated with certain terminals of the multi-
terminal network under test.

The test circuit consists of three basic elements;
the voltage source, the measuring element and the
test specimen, connected in series as shown in
Figure 2. For a two-terminal measuring device
terminals I and II are provided for connection to

I
Yoltage
Geczen
Test . A
i sz T

Measuring
Zlement

Figure 2.

the test specimen. For a three-terminal measuring
device the guard terminal III is also provided.
Since in field measurements one terminal of the
dielectric network is always ground, it follows
that one terminal of the measuring device must be
connected to ground. In some devices any one of
the terminals may be connected to ground, in
others the choice is limited to one or possibly two.
There are many variations of the basic circuit.

One of the problems in making dielectric meas-
urements in the field is how to use most effectively
a two- or three-terminal measuring device on the
multi-terminal insulation network in the apparatus
under test. In general, where the number of ter-
minals available exceeds those of the measuring
device, they are grouped in such a manner that
some insulating paths may be measured in paral-
lel, some may be short-circuited, and others may
be isolated by holding them at guard potential.

It is usually possible to determine the impedance
of each single two-terminal element of a network,
either by direct measurement or by calculation
from a series of measurements.

The application of these principles to dielectric
measurements of electric apparatus is illustrated
by the equivalent circuit of Figure 3. In this cir-
cuit the terminals 1, 2 and 3 represent the con-
ducting elements of three windings; for example,
the primary, secondary and tertiary of a three-
winding transformer or the stator windings of a
three-phase generator. The dielectric circuits be-
tween windings and from windings to ground are
represented by six admittance elements.

The inter-winding admittances are:

Y= G + j bis (whereg = :— and b =

1

- =27fC)
Yn=gu+jbu
Yn=gsa+jb-

Figure 8.
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The admittances to ground are :
y2N=g2N+-_ib2N
Yyn = 9sn ] bygx
Yin=gwtiby
The circuit constitutes a four-terminal network
in which the terminal N is grounded.
Using the three-terminal measuring device of
Figure 2 the six admittance elements can be de-

It is recommended that such information be ob-
tained from the manufacturer of the specific test
equipment being used.

If the guard terminal III of Figure 2 is not
provided, the measuring device becomes a two-
terminal device, The six admittance elements of
the dielectric network of Figure 3 can be deter-
mined from the following six measurements.

! X ' A Terminal
termined from six measurements in the following Measured Connections
el
manner. .
Measured Terminal Connections :‘,‘M _1 _2 _3 1!
Admittance 1 2 3 N ’};G = ;’12 + ;’13 + I}:IN III III g E
— - = = = =Y+ Yy + ¥,
H 12 23 N
g‘ =Yix I I iH g Yy = Vig+ Yog + Vay I I
Ys= Yon Ir - 1 I - Vg =Yg+ Vos+Vou+ ¥,y 11111
Vo= }}:aN+ ’ Iil ig III I Yy =Y+ Vig+ Vou+ Vg II 1111
D= 7"13 iN Y, =Y Y Y Y I ITII
Ye=VYVp+¥p I I I I M = izt Yag ot Yon 4 Vix

Ve=Vyu+Vey I I 1 II

From these measurements the inter-winding ad-

From these measurements the six admittances
may be calculated.

mittances may be calculated. Vi = llil%l___&
Yip=Yg—VYy
=Y, — ¥ _ Yot ¥i—Yy
13 D A Vig=
YVog=Yp— ¥, 2
The admittances to ground are given directly as Vo3 = Ya+¥; ¥,
shown in the first three measurements. 2
It will be noted that in the above measurements Voo — Ye+Y, -V, —Yq
terminal II of the measuring device was the 2N 2
grounded terminal in all six measurements, the volt- Yo+ Vy—Yg—Yg
age source being not otherwise grounded. If the Yon = 2
device is one which permits a choice in ground v v Vo — ¥
connections and measurements can be made with Vin=—X + 1“2— B I

terminal III connected to ground, then it is possible
to measure the inter-winding admittances directly
by the following connections.

3.04 Test Leads.

Test leads, that is the leads necessary to connect

Measured Terminal Connections the measuring instruments to the apparatus under
Admittance 1 2 3 N test, must meet special requirements for field use.
VyV. I 11 IT I They must be mechanically rugged to withstand
yla I II I I continued moving and handling. They should be
y;i I I I I ecither shielded or sufficiently free of corona at

In the application of a three-terminal measuring
device the shunting effect of the impedances of
the guard circuit, terminal III, to the specimen
terminals I and II of Figure 2 must be recognized
as a possible source of error. Impedance between
terminals I and III imposes an additional load on
the voltage source. Impedance between terminals
IT and IIT shunts the measuring element. In varia-
tions of the basic circuit this impedance may shunt
the current coil of a measuring instrument or one
branch of a bridge network. The shunting impe-
dances can be measured, the error can be calcu-
lated, and if it is appreciable corrections can be
applied. The mathematical expressions for correct-
ing such errors will vary considerably, depending
upon the test circuit used, and would involve more
detail than can be adequately covered in this Guide.

maximum test voltage to avoid significant influence
on the measurements.

Bare leads if properly supported and isolated for
safety are sometimes sufficient for use in withstand
tests.

Guard shields and ground shields may be incor-
porated in test leads as for example in alternating-
current loss and direct-current insulation-resistance
measurements. The use of a high-voltage guard
shield on the test lead is illustrated in Figure 4(a).
In this application the guard shield eliminates from
the measuring instrument the unwanted stray cur-
rents from the conductor of the test lead to ground.
Figure 4(b) shows the use of a low-voltage guard
shield for the same purpose. In this application
the conductor of the test lead must be insulated
from the guard shield for the full test voltage. The
low-voltage guard shield is advantageous from
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4.02

surfaces, such as bushing terminations.
The design of these surfaces is generally
such that effects of relative air density
present no serious problem.

(d) The insulating parts of rotating machines
are generally effectively shielded from the
effects of environmental electric or mag-
netic fields by the frame of the machine.
Also, the capacitances of the windings in-
volved are relatively high, so that the
effects of stray fields on imperfectly
shielded test leads or short lengths of ex-
posed leads are usually not appreciable.
Consideration, however, must be given to
the effect of stray fields on the measuring
equipment used, as outlined in a later sec-
tion of this guide.

4.014 Multi-Terminal Networks.

In the application of the test methods involving
direct connection to machine parts and where a
quantitative measurement of some insulation prop-
erties, such as insulation resistance, power factor,
or dielectric loss is involved, the electrodes involved
and the intervening insulation may be conveniently
thought of as a circuit problem involving two or
more terminals. In common usage for testing ma-
chine insulation, either a two- or three-terminal
network will be involved. A measurement of the
insulation to ground of a complete winding is a
two-terminal test. In cases where the phases can
be separated a three-terminal test can be made.
For instance, the insulation between one phase and
ground of a three-phase stator winding may be
tested by making the terminals of the other two
phases the guard terminal of a three-terminal
network.

Also, see Section 3.03.

4.015 Test Leads.

bility of a migration of contaminating particles
which may result in internal flashover.

4,022 Test Methods.

(1) Winding Insulation.
The winding insulation, including the terminal
bushings, may be tested by the following
methods :
(a) Low-frequency, low- and high-voltage loss-
characteristic measurements. (Sec. 5.00
and AIEE No. 505)
(b) Alternating-voltage corona measurements.
(Sec. 7.00)
(c) Direct low- and high-voltage insulation-
resistance measurements. (Sec. 6.00)
(d) Direct low- and high-voltage absorption
or resistance-time measurements.
(Sec. 6.00)
(e) 60-cps withstand tests. (Sec. 5.01)
(f) Direct-voltage withstand tests. (Sec. 6.00)
Since the capacitance of the windings is often
large in comparison with that of the bushings
it is desirable to make measurements to deter-
mine the condition of the bushings separate
from the windings.

2

-~

Terminal Bushings.
The following methods are applicable to the
terminal bushings in place on the apparatus.
(a) Low-frequency, low- and high-voltage loss-
characteristic measurements.  {Sec. 5.00)
(b) Direct low- and high-voltage insulation
resistance measurements. (Sec. 6.00)
In order to isolate the bushing for such meas-
urements one of the following features must be
provided in the bushing or its mounting:
A conducting center tube enclosing an insu-
lated lead to the winding with facilities for
electrically disconnecting the lead from the

(Sec. 3.04) il
4.016 Safety of Personnel. Facilities for disconnecting the ground layer
(Sec. 3.05) of the bushing from the mounting flange.

Transformers, Regulators and Reactors.

This section includes distribution, power and
regulating transformers; instrument transformers;
step-voltage and induction-voltage regulators; re-
actors; specialty transformers and rectifier trans-
formers.

4021 General Considerations,

Dielectric measurements on transformers, regu-
lators and reactors may be made on the insulation
between windings; or between winding and core,
frame and tank. Included in this insulation are
terminal bushings and insulating liquids, where
used.

Where insulating liquids are subjected to intense
electric fields during high-voltage testing, particu-
larly in the case of direct current, there is a possi-

1

A potential-device tap connected to a layer
of the bushing. This layer is usually near the
outside of the bushing.
A bushing flange which may be electrically
disconnected from the tank.
(c) Alternating-voltage distribution measure-
ments. (Sec. 8.00)
(3) Insulating Liquid Samples.
The liquid sample should be indicative of the
worst conditions present. Since moisture will
settle at the bottom of mineral oil, the sample
should be taken from the bottom. Moisture
will rise to the top of askarel and the sample
should be taken from the top. It may be de-
sirable to drain off a small quantity of liquid
before taking the test sample in order to ob-
tain a more representative sample. Samples
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should be extracted from the apparatus and
handled in such a way as to avoid contamina-
tion.

The tests generally applied to insulating liquid
samples (see also Section 9.00) in the field are:

(a) 60-cps breakdown test. (Sec. 9.00)
(b) Low-frequency, low- and high-voltage loss-
characteristic measurements.  {(Sec. 5.00)
(c) Direct low- and high-voltage insulation-
resistance measurements. (Sec. 6.00)
Either the measured uniform temperature or
the approximated average temperature can be
used for correction to a selected reference
temperature.
4.023 Test Conditions.

(1) Temperature.
Tests should preferably be made with the
apparatus at a uniform temperature through-
out the insulation. When this is not conven-
ient it is necessary to measure an approximately
average temperature. It is generally necessary
to apply temperature corrections to low fre-
quency loss-characteristics and direct-current
insulation resistance. For alternating-current
measurements see AIEE No. 505. For direct-
current measurements refer to manufacturer.
(2) Temperature measurements.
The following may be used in approximating
an average temperature.
Oil-immersed apparatus—top-oil temperature,
temperature by winding resistance.
Dry-type apparatus—temperature by wind-
ing resistance, air temperature, insulation-
surface temperature.
Bushings—temperature by average or
weighted average of the oil or air and the
ambient temperature when the bushing is
mounted and by ambient-air temperature
when the bushing is not mounted.
(3) Environmental influence.

(a) High humidity may cause moisture con-
densation on insulating surfaces and result
in measurements which are not good indi-
cations of the permanent condition of the
apparatus under test. This is particularly
true if exposed insulating surfaces are not
above ambient temperature. With sealed
and oil-immersed apparatus this will only
affect the exposed surfaces of bushings.
High humidity may affect the tests on
dry-type apparatus which are open to the
atmosphere.

(b) Field tests on transformers are often made
in the vicinity of energized apparatus.
Under these conditions special shielding
may be required for accurate low-frequency
measurement.

(c) Lower relative air density is favorable to
the formation of corona and its effect
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should be considered in making corona-
detection tests.
4.024 Multi-Terminal Networks.

The tank, core and other connected parts usually
form the ground terminal of a multi-terminal net-
work for the measurement of dielectric loss or in-
sulation resistance. A winding, a group of connected
windings or any section of a winding, may be se-
lected as a network terminal. Combinations of the
grounded and other terminals can be used to form
two or three-terminal networks. (See Sec. 3.03).
In cases such as potential transformers where the
magnetizing current is small and both ends of the
high-voltage winding are insulated from the tank,
it is possible to make low-frequency loss-charac-
teristic tests with one end of the winding connected
to the high-voltage test lead and the other end to
the low-voltage guard. The secondary is usually
grounded but must not be short circuited and the
test voltage should not exceed the rated voltage
of the winding. The voltage applied to the dielec-
tric circuit between the high voltage and the
grounded case will be graded from the test poten-
tial at one end of the winding to practically ground
potential at the other end.

4025 Test Leads.

(Sec. 3.04)
4.026 Safety of Personnel

(Sec. 3.05)
Cables.

This section includes power, control and low-
frequency communication cables of all types and
sizes and splices in and terminations of these ca-
bles. It does not apply to high-frequency cables.
4.031 General Considerations.

Power cable may be single or multiple conduc-
tor. The insulation of single-conductor power cable
may be shielded, or non-shielded. In multi-con-
ductor power cable the insulation of the individual
conductors may or may not be shielded. The assem-
bly of non-shielded, insulated conductors in multi-
conductor power cable may be covered with a belt
of insulation, a metallic sheath or both. The insu-
lation of power cable may be oil-impregnated paper,
varnished cambric, natural or synthetic rubber or
any of a number of the plastics. Power cable may
have either a metallic or a non-metallic sheath.

Control cable may be single or multi-conductor.
Low-frequency communication cable invariably has
2 or more conductors. These cables may have nat-
ural or synthetic rubber, plastic, varnished cambric
or dry-paper insulation. Control and low-frequency
communication cables do not have shielding over
the insulation of the individual conductors. Control
cable rarely has shielding over the assembly of in-
sulated conductors. Communication cable usually
has either a metallic sheath or shielding over the
assembly of insulated conductors. Each of these
types of cable may have either a metallic or non-
metallic sheath.
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