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Proposed

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 loss
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.
pret:‘mon' f’f data: as 1t. rel.ates to the quality or (4) Direct low- and high-voltage insulation re-
sex"vxceab'lhtsll of insulation is beyond the scope of sistance measurements.
this publication. The measurement of the current-voltage re-

1.02 The purpose of this Guide is also to consider lationship of the test specimen with the appli-
the special conditions encountered in field testing, cation, for a specified time, of direct voltage
and their effect on instruments, methods and pro- in 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 resistance-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 w1th- high voltage and in proximity to (7) Surge-comparison tests.
energized equipment. 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.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 20:21:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 62-1956


http://www.avadocuments.com/doc/ieee-62-1956
http://www.avadocuments.com/doc/ieee-62-1956

(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

2.02 All electric power apparatus in all voltage and contaminated W{th airborne depos:xts. B?st re-
power ratings is considered in this Guide, as for Sl,llts are obtained when tll;.e 1ns}113t10(§1 }is
example: rotating machinery; transformers, regu- shgh.tly warmer th‘an the ambient air and the
lators and reactors; cables; circuit breakers; light- relative humidity is be1<.)w 60 percent. Tests
ning arresters; capacitors; insulators; hot-line :’r}llay dtzzl;n?rd'e atnz;rg' az‘;’entistesgs:;l;‘zv:}:ez

: i e ctric u stress
toglssitnsulating 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‘te‘st. . uncertainties in applying empirical temperature

As a general rule the characteristics of dielec- Eorrections for Targe: deviations.
trics vary with temperature, the most variable of . . .
the quantities mentioned under 2.01 being those re- 2 E1.1v1ror1‘menta1 electic an'd magnetic fields.
lated to the low-frequency loss characteristics and Dielectric .measure{n'en.ts n th‘? field W“St often
the direct-current insulation resistance. In order to be made in the vicinity of .IIVC equipment so
make proper comparison of results it is necessary thaiE measurements made at line frec.luency may
to make all measurements at the same temperature be mf.luenced by stray ﬁe:ld'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 shle!dmg the measuring apparatus and con-
temperature cannot readily be controlled so tem- flectn?g }eads. The influence of m.agr'letif: ﬁe!ds
perature corrections are usually applied. These is principally the ef’fe.ct 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 quz:telylshlelded. The ei’ffict of) stt('ia}t' ﬁelf:ls (firo;n
dielectric. external sources can often be determined by
For the application of temperature corrections measurements with reversed polarity of the
the desired temperature is the average temperature test source. The use of low-voltage instru-
of the dielectric. Usually this temperature cannot ments which operate at power-line frequency
be measured directly but must be approximated may be impractical in some switch-yard loca-
from other temperatures obtained by available meas- tions because of the large influence from
uring means as for example oil-temperature indi- electric fields.
catoYs, imbedded detectors, conductor resistance, 3.03 Dielectric Networks.
aPphed. 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 raplfi Iy changing dielectric tempera- become electrodes for the application of voltage
tm:le‘l shotuld be, avmde;l f(})lr rr(;?slt accurate dresults. used in testing such dielectrics. These electrodes
o e, of the dikeric adr 64 tr b eminls of .
avotd the gossibility of any mowsture Kieesing in minal electric circuit where the dielectric is the
; L " circuit under consideration. The dielectric under
the dielectric and thus changing the losses due to fest ‘ay have numerons conducting or ‘capacifive
free moisture. and making difficult the detection of paths. throughout its structure, thereby forming a
Hnwanted 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 KR, 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 equipment have severat
conducting elements or electrodes separated by in-
sulation, so that numerous terminals are available
in the network. Since all electric equipment in field
service requires insulation to ground, all equipment
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 » ungrounded electrodes then the num-
ber of dielectric circuits to ground is m, the
number of dielectric circuits between ungrounded
electrodes is 14 #n (n—1), and the total number
of dielectric circuits is 14 n (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

il

Voltage
Source
Test
]II Specimen
Measuring
elemeut
Figure 2.

Figure 2. For a two-terminal measuring device
terminals I and II are provided for connection to
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:

Y12=g|2+j’712 (whereg = %— and b =

1

Y1a=glu+_ib;a

yz:l:gzn ]bn

Figure 3.
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The admittances to ground are:
Yon=gon+ J bon
Y3N=93N+{b3N
Yin=on+tiby
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,

termined from si ements in the followi Terminal
§1X Imea. o] 5
anner, surements in (4 owing Mea,s‘ure d Connections
Measured Terminal Connections M ,1 ? _3 E
Admittance 1 2 3 N Yo =Y+ };13 + Yin 111 Ii g
— - = = = Y = Yo+ Yoy + Yoy II 11
AT T o mmen Vi =Fig+ Vs + Fon LI I II
B = o II% I . Vg =Yg+ Vo VYou+ ¥,y 1 IIIII
P, ! ig 0o V= Vg4 Vg4 Ypgt Yy I I III
p="13+ Vin L Ve =Vio+ Yo+ Yeu+ ¥y 1 I T

Yo=Y+ Voo I 1 I I
Vp=VYp+VY¥g III I T I

From these measurements the inter-winding ad-

From these measurements the six admittances
may be calculated.

mittances may be calculated. V= YG;E‘;&
Yipg=Yg—Y B 4
Vig=Yp—¥, y Yo+ Y;—Yy
13 =
Yog =Yy — Vg 2
The admittances to ground are given directly as Vg = Yg+¥;— Yy
shown in the first three measurements. 2
It will be noted that in the above measurements Voo — Ye+ VYV, —Y;-Yq
terminal II of the measuring device was the 2N 2
grounded terminal in all six measurements, the volt- YV +Yy—Yg—Y4
age source being not otherwise grounded. If the Yon= 2
device is one which permits a choice in ground % y v %
connections and measurements can be made with Vin=—= + MZ_ H— "3

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
Admisttance 1 2 3 N test, must meet special requirements for field use.
713— T T I I They must be mechanically rugged to withstand

Y I II  III III continued moving and handling. They should be
y;; I I I I either 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 IT 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.

8

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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3.05

(a)

(b)

(e}

the standpoint of safety. Figure 4(c) illustrates the
use of a shielded lead on the low-voltage side to
by-pass stray currents around the measuring in-
strument.

Safety of Personnel,

Most test work on insulation in the field is done
on high-voltage equipment and in the general area
of energized equipment. The usual safety proce-
dures for working on high-voltage equipment must
be followed to insure that the equipment is safe
to work on and will remain so throughout the test.
Individual organizations have their specific proce-
dures and safety measures for this purpose.

The dielectric tests, in themselves, require some
special safety measures. Where high voltage is to
be applied, the apparatus under test should be
isolated in an area marked by readily visible tape
or other suitable markings.

Where direct voltage has been applied to appa-
ratus of high capacitance a ground must remain
connected until the charge has been removed. This
length of time is a function of the time of the
previous voltage application. A time four times
that of charge has been suggested. If removed
sooner a dangerous voltage may result from the
residual charge in the dielectric.

Measuring
Inatrument

—0-
T

Sourcs

Test Lead

1

Specimen

Test Leod

I

| —o—1

Heasuring
lnstrument

Source

Test lead ! |
/

—— ‘Measuring
- Instrument

Figure 4.

In high-voltage measurements the measuring in-
struments in the high-voltage circuit (Figure 4(a))
and the high-voltage test leads (Figures 4(a) and
(¢)) must be adequately isolated for the protec-

4.01

connected in parallel to protect the operator from
dangerous voltage in the case of accidental open
circuit in the measuring instrument or failure of
the apparatus being tested.

Section 4.00
SPECIFIC APPARATUS

Rotating Machines.

Rotating machines include alternating-current
synchronous, alternating-current induction, and
direct-current motors and generators. Physical di-
mensions, kva ratings, speeds, and voltage classes
vary widely. Applicable tests depend to a great
extent on type of machine, size, and voltage class.

4011 General Considerations.

Both the stationary and rotating elements of
rotating machines have windings consisting of a
number of turns which are insulated from each
other and from grounded parts of the machine.

Insulation in the various machine parts is in the
form of solid dielectric barriers, insulating surfaces
or gas, either separately or in combination. The
insulation in common use is characteristically of
the dry type, in which solid or very high viscosity
resinous compounds are used for internal filling
and protective surface films.

Understanding of some of the factors which
affect the continuing adequacy of machine insula-
tions and a general familiarity with the types of
insulation used on the various parts of assistance
in the judicious selection of an appropriate test
method.

The Insulation Maintenance Guide for Large
Rotating Machinery (AIEE No. 56) is an appro-
priate reference for a discussion of factors which
affect machine insulation, maintenance and life,
general construction of the insulation systems used
on various parts, and available test methods and
their effectiveness. AIEE No. 56 specifically covers
machines of 10,000 kva or larger and of voltage
ratings 6600 volts and above. No comparable guide
exists for smaller rotating machines.

4.012 Test Methods.

(1) Most of the tests applied either to the rotor or
the stator concern the circuit-to-ground insula-
tion and involve direct connection of the test
equipment between these parts. In cases where
the neutral can be conveniently opened on
three-phase stators, phase-to-phase tests are
sometimes made. The tests applicable to this
insulation are:

(a) Alternating-Current Stator Windings.
1. Low-frequency, low- and high-voltage
loss-characteristic measurements.

tion of the operator. Measuring instruments in the ' (Sec. 5.00)
low-voltage circuit (Figures 4(b), (c¢)) should 2. Alternating-voltage corona measure-
have a protective gap of low sparkover voltage ments. (Sec. 7.00)
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()

(3)

3. Direct low- and high-voltage insula-
tion-resistance measurements.
{Sec. 6.00)

4. Direct low- and high-voltage absorp-
tion or resistance-time measurements.

(Sec. 6.00)
5. 60-cps withstand tests. (Sec. 5.01)

Direct-voltage withstand tests.
(Sec. 6.00)

(b) Rotor Windings of Alternating-Current
Machines and Armatures and Fields of
Direct-Current Machines.

1. Direct low-voltage insulation resistance
measurements. (Sec. 6.00)

2. Direct low-voltage absorption or re-
sistance-time measurements. (Sec. 6.00)

3. 60-cps withstand tests. (Sec. 5.01)

Direct-voltage withstand tests.
(Sec. 6.00)
Equally important, but usually more difficult to
test, is the insulation between turns. Tests
made on this insulation are usually of the
withstand type and include:

(a) Stator Windings of Synchronous and In-
duction Machines.
1. Surge comparison tests. (Sec. 10.00)
The method of application of the surge
voltage depends on the voltage rating of
the winding. Direct connection may be
made where this adequately stresses the
conductor insulation. Application by in-
duction can be made on high-voltage wind-
ings where turn-to-turn stress produced
by direct connection is not adequate.

(b) Rotor Windings — Induction and Syn-
chronous.

1. Impedance tests. (AIEE No. 56)

2. Surge-comparison tests. (Sec.10.00)
This latter test is possible for rotor wind-
ings, but has not been used to any great
extent in field tests,

(¢) Direct-Current Armatures and Fields.
1. Surge-comparison tests.  (Sec. 10.00)

Other tests of a special nature are sometimes
used generally on stator windings of large
high-voltage machines. These include:
(a) Slot-Discharge Tests.
This test detects the presence of surface
discharging between the conducting coil
surface and the core of high-voltage stator
windings. See AIEE No. 56.
In the application of the slot-discharge
tests, the presence of unusual harmonics
in the supply may limit the sensitivity of
the tests. In these cases, suitable line filters
must be provided to filter out objectionable
harmonics from the test voltage.

(b) Corona-Probe Test.

(¢) Interlaminar-Insulation Tests.
AIEE No. 56 outlines a method of check-
ing the interlaminar insulation of stator
cores. This test has been applied to stator
cores of high-voltage synchronous ma-
chines.

(Sec. 7.00)

4.013 Test Conditions.

oY

(2)

(»

Temperature,

Where temperature is of importance in evaluat-
ing results of tests, the temperature of the
machine insulation should preferably be uni-
form throughout. Examples of such tests are
insulation resistance and power factor or di-
electric loss. It may be necessary in some cases
to apply temperature-correction factors. For
direct-current measurements see ATEE No. 43.
For alternating-current measurements refer to
manufacturer.

Temperature Measurements.

The insulation temperature may be determined
by:

(a) imbedded detectors

(b) average conductor temperature as deter-
mined by change in resistance

(¢) thermometers placed on the winding sur-
faces in appropriate locations

Environmental Influences.

(a) Ambient temperature, particularly as re-
lated to machine temperatures may affect
results of leakage tests, particularly where
large exposed insulating surfaces are in-
volved. It is generally considered desirable
that the machine temperature be above
and never helow the ambient temperature,
to avoid effects of condensation on exposed
insulating surface.

(b) The effects of high humidity are most pro-
nounced in tests on those machine parts
involving large exposed insulating sur-
faces. However, prolonged exposure to
high-humidity conditions prior to tests
may result in moisture absorption in the
solid insulating barriers and accordingly
affect test results. Where possible, it is
generally considered desirable to make in-
sulation tests on equipment shortly after
shutdown or disassembly.

(¢) Relative air density as influenced by baro-
metric pressure and ambient temperature
is largely of importance in the measure-
ment of test voltage by sphere gap or
other similar means. However, where ex-
posed insulating surfaces are involved, par-
ticularly in testing new machines at high
overpotentials, unusually low relative air
density may result in flashover of exposed
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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) tube.
4016 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,

4.021 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-
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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) 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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