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PHEFACE

To implement the changes made in AIEE Stanc-
ard No., 1, the AIEE charged its technicel com-
pittees with the responsibility for developing
test procedures for the thermal evaluation and
classification of insulation systems used in
electric equipment. These test procedures ere to
be in generel eccord with IEZZ Standard Ho. 1 and

its supplements. The principal objective of these

test procedures is to ensble the performence of
new end old insulation systems to be compered
directly in & practical wey end in a reascnsble
Rime, plus providing a sound basis for introduc-
ing new insulation systems into service.

A number of test procedures have been devel-
oped and published, One suck procedure is *The
Proposed AIEE Test Procedure For Evaluation of
Insulation Systems For Specialty Transformers.”

A review of this test procedure revesled that the
procedure did nct entirely satisfy the needs of
electronic transformers, The Electronic Trens-
formers Materials Subcommittes get out in 1561 to
modify the specislty transformer test procedure
t0 better apply to electronic power transformers.

Speci&lty'trahsformera_generally have their
primary windings comnected ;o_secondary_distribu-

tion ci¥cuits of 600 volts or less, and they sup-
ply power to lighting systems , machine tools, end
other power loads. Electronic transformers

usually terminate into or are energlzed from
electronic devices. w:ctronic transformers may
be of the power type wherein their losses are
significant and are dissipated as heat, or they
may be circuit elements which handle relatively
low currents but mey be subjected to high voltage
stresses including d-c, pulses, snd even tran-
sients. Most electronic transformers ere small

compared to specislty transformers, and in general,

they are operated in significantly different and
often varying ecviromments.
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INTRODUCTIOR

The intent of this test procedire is to
esteblish a uniforn method by which the life of
electronic transformer insulation systems cen be
compared, Thermal degradation has been chosen
to be the major factor affecting the life of
insulaeting materials. Other environmental factors,
such &5 vibration, thermal shock, and moisture,
have been included in the test procedure to
similate operating conditicons, These factors
have been chosen in such & way ag to develop and
disclose promptly any significant wesknesses dur-
ing the temperature aging of an insulation system,

This test procedure is offered as a guide
for prepar samples, conducting tests, and
analyzing results, This information is presented
in the following three principal sections:

Section 1, Insulation Test Specimens.

This secticn describes the types of
insulation specimens suitable for
use in the evaluation tests.

Section 2. Test Cycle,

© This section recommends the test cycle
for use in the insulaticrn eveluation
tests. The cycle consists of a series
of exposures to heat, vibration, ther-
mel shock, moisture, and voltages to
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Section 3. Interpretation
This section glves i =atlon on
establishing the criteria of failure,
methods for emalyzing test results,
end a gulde for interpreting test
results,

It is recognized that scme trensformers may have
specisl requirements other than those included
in the procedure. In these cases, special tests
should be added to the test cycle. It is all-
important that w-.n insulation systems are com-~
pered, the test semples must be subjected to
precisely the same test cycle.

The test procedure provides s statistical
method for establishing a life-temperature re-
lationship of an insulation system, This life-
To have
any significence, it must be backed up with
adequate field service data or be compared to
similar life test deta of insulation system with
known service reliability.

SECTION 1

INSULATION TEST SPECIMEN

Whenever possible, actual transformers
should be used for the thermal evaluation of
insulaticn systems, In the case of small elec-
tronic transformers, they are the simplest, most
direct, and least expensive test specimens,

Some guides that can be used in selecting these
specimens sre given in Section 3, IV.

In those cases where the actusl transformer
is too large to use as test specimens, a reduced
size specimen may be used. The lack of experi-
ence with large transformers prevents tha estab-
lishing of & standard test model, In the use of
reduced size specimens, adequate consideration
should be given to all the conditions and en-
vironments affecting the life &f the simulated
transformer. Each situation may involve a
pumber of different arrangements to adequately
cover the various ccmbinations of conditions
affecting the performance of the insulation
system. It shall be the responsibility of each
testing laboratory to select and use suitable
models., Full and complete design information
on the model shall be published at the time of
presenting test data,

Whether the test specimens are transformers
or models, consideretion should be given to the
following items when designing end building the
specimens: *

‘specimen mey be necessary.

1. Tae mmrerials used for th

uatios
1d be

to as-
Jonents
orm, -apd rapresentative of
the zaterials used in actual service,

2, Imsulatiop thickness and creepage dis-
tances should be appropriate for the
Yoltege class and industry or equip-
Zent standards or practices.

3. The errangement of the different com-
poneats, such as conductors, insulation:
supporting qggpgréf spacers, shields,
gnd ground, should duplicate electri-
cally, thermally, and mechanically the
conditicns existing in the actusl trans-

forrer,

k. The design and construction of the

- specimens should be representative of
the prevailing engineering practices
end cenufecturing procedures and
processes,

5. Provisions should be made for meking
electrical tests on the various insula-
tion components.

6. If gelf heating is used, provisions
should be made in the specimen for
heating,

SECTION 2
TEST CYCLE

_The test specimens shall be subjected to &
repeated test cycle, consisting of the following
parts, in the order given in Table I. Where
indicated, specific values for some of the test
conditicos will be found in Table III., which
Provides verying degrees of severity for differ--
ent applicatiocns,

I$ 1s recognized that for some equipment
there may be epecisl requirements, other than
those represented in this Test Procedure, such
as ability to withstand surge tests, d-c polar-
izing voltages during moisture exposure, etc,
For these cases, special tests should be formu-
lated and added to the test cycle recommended -
herein,

It is alsc recognized that, depending on
the test facilities available, the type of
specimen employed, and other factors, slight
veriations in the methods of exposing the
It is sll-important
that, when any two different materials or
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conditions of
recomended by appliceble standards
for the type of electronic trans-
formers involved,

end at the voltages -

Equipment for which no acceptable
standerd test is availeble may be
tested eccording to the following
recommended procedure at epproxi-
metely rocm tempersture and in
normel humidity.

1. Applied-Potential Test

&. The sppiied-potential test
skhall be made by applying
USLNRED cuch windng depe.
rately, and all other wind-
{5gs and ground, & B0-cycle
veltage from an external source.
The winding undsr test shall
be shorted on itself during
the test, A4All other circuits
and metal parts shall be
grounded during the test.

II.

- & -y
=l !

- normel ¥orking -voltese

not 5L oz, wind-
ing-t insulaticn
n that

saturation dwring thiz test.

. The duration cof the induced-
potential test shall be the sama,
measured in cycles, as for a
120-cycle per secord one-minute
fest, except that it shall not
exceed 60 seconds. These equiva-
lents, for purposes of stendard-
lzation, are as follows:

Frequency Dureticn of Test >
Cycles Seconds
120 or less 50
180 Lo
2Lo 30
360 20
LIOO 3 -‘--'aé&-:;é-nﬁ'ﬂgigv'
900 8

Proof Test During Test Cycle - Applied
and induced potential tests are not
normally made during the test cycle.
Overvoltage tests msde during the test'
cycle may influence the time to fajilure
of the samples. They are usually used
to locate and determine the causes of
failure. It is recommended that cur-
rent be monitored as & meens of deter-
mining failure.

Temperature Aging

The duration of the applied-

potential test shall be for A.
one minute &t the value speci-

fied in (c) below.

The RMS test voltage shall be
NZ tires normel working volt-
age plus 1000 velts, The RMS
test voltage shzll be applied
at & rate not to exceed 1000
volts per second. (The working
voltage is defined as the maxi-
mum pesk voltage siress that
may occur under normal rated
operation ecross the insulation
being considered. This insula-
tien mey be between windings or
between winding end case or
core, )

C.

2, _nduced Potential Test

8. The induced-potentiel test shall
be made by applying across the
terminals of any suitable wind-
ing a voltage that will stress
the turn and layer insulation

at a peak value twice their
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Temperature aging of test specimens
shall be done either by internal
heating or a combipation of internal
heating end elevated ambient,

Internal heating shall be done by ex-
citing the test specimen at rated
voltage and causing current to pass
through the conductors until the
desired test temperature is attained,

- When conservation of power and simpli-

fication of test setup is important,
the specimen may be loaded in a buck-
_bhoast or opposition arrengement,

For transformers normally operating in
ambients of 40°C or below, the test
specimen shall be aged in an ambient
temperature between 20°C and LO°C.
Transformers normally operated in

. ambient temperatures ebove 40°C shall

be tested in their normal operating
ambients._

A heat run box of the type shown in the
Appendix, may be used where ambient
temperatures above room temperature are_



D.

E.

F.

G.

H.

“Table II {ITustrates typi

reguired,

Transfdrmers which norm
a temperature of H0°C oz
therraily aged in still =iy
by natural cooveotion,

Heat run boxes used to mifintelpn spbients
above L0°C may have the sir within the
box recirculried by e fan to eliminate
hot spots and maintain essentially con-
stant temperature throughsut the box.

A minimum of exchange air from ouiside
the box, consistent with maintaining
the required ambient, shculd be per-
mitted. Air flow should be baffled if
necessary to prevent eir blowing ai-
rectly across the test epecimen.

The test temperature is that of the
hottest spot in the specimen windings.
The relationship of the hottest spot
temperature to the average winding

o emperature or to the temperature of
an embedded detector shell be deter-
mined for each type of specimen under
test. The test temperature 'hall be
controlled within plus or minus 3°C.

Normal operating voltage siresses
should be used in the test specimen
during aging. Other than normel volt-
age stresses might effect the end of
life.

The test specimen should be tested at
their normal rated frequency. The fre-
gquency will effect the life of insula-
tion if corona or dielectric heating is
present. Therefore, it is important to
test at rated frequemcy to bring in eny
effects of dielectric heating or corona
deterioration.

The temperature aging should be done at
& minimum of three different tempera-
bures. Tom & statisticel ‘arproach, it

is suggested that a minimm of six
duplicate specimens be tested at each
temperature. The lowest test tempera-
ture should be 30°C to 60°C sbove the
expected limiting insulation tempera-
ture. The other temperatures should be
separated by intervals of 15°C or more.
The shortest aging time should not be
lesa tha1 300‘h9uRs and the 1ﬂngest

" time should not be less than 3000 hours.
cal exposure
temperatures for the various classes of
insulation.

The specimens shall be switched "on"
for 20 hours and "off" for four -hours
in each 2h-hour period. While "off"
the temperature of the sample shall be
reduced to within 5°C of its ambient
tempersture, even if forced cooling is
required. This test shell be repeated

Iv.
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¢ Bging, .each specicen or
ta \’i fafed, X
formers,

nilit&. Ty¥oe trins the spe
shall be vibrzzed as shown in Table IIT.

Specimens representing military type trans-
formers Bhall be vibrated in simple har-
monic motion for e period of 15 minutes,
The amplitude of wibration shall be 0,03
inch (0,05 inch maximum total excursion)
and the frequsncy shall be varied uniform-
ly between the epproprimte limits of 10 and
53 cycles per second (cps). The entire
frequency rarze from 10 to 55 cps and re-
turn to 10 cps shzll be traversed in ap-
proximately coe minute. |

The specimens shell be mounted using suit-
eble mounting apperatus to assure that the
mounting is fres from resonance over the
test frequency range and that the motion
occurs parallsl to the exis of the coils.
The vibration test should be made &t room
temperature, vith normal humidity, and
without any erplied voltage.

Thermal Shock

After temperszture aging and mechanicsl
stress, each specimen or test model shall
be placed in & low tom“erature chamber
mainteined with + 5°C of the value end for
the duration of Teble III, The units
should be approximtely room temperature
immediately prior to placing in the cold
chember. Nz wvoltage should be applied to
the test semple during this exposure,

Moisture Exn:sure

After tempersture aging and mechanical
stress, and t_-rma} shock, each specimen or
test model shsll be exposed for the duration
and to the strmosphere specified in Teble IIT,
No voltage should be applied to the test
sample during this exposure,

SECTION 3

Criteris of Failure

The criteria by which a test specimen is
considered to have failed should be fully
defined pricr to the start of the test.

An edequete test should be included in the
test cycle to detect when & failure occurs.
For example, fuses can be used if current
is selected as the failure criteria. The
use of more than cne criteria of failure
will tend to m=ke the interpretation of the
test resulis more difficult., It is recom-
mended that oaly one criteria be used.
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II.

III.

VS

the specimen shoulcd be put back on test.
For exsople, e lesd joint mey open during
the test.  Since lezd Joints ere usually
not a part of the irsulstion system and if
eniently repaired, the joint
ired znd the specimen put

should be rep
back on test.

Mathod for Detevmin*nc the Averape Life

When all the test specimens have failed,
the average life et each exposure point
should be calculated, It is recommended
that the aversge life be & logarithmic
average (enti-logaritnom of the average of
the lcgarithmic lines). The standard
deviation of this life and the 95 percent
confidence 1imits of this 1life should be
calculated using logarithmic 1life values
znd by statistical rcethods. From these
values, an indicaticn of the accuracy of
the average life values at each exposure
temperctura cen be determined.

Metheds for processing thermal aging data
are given in AIEE Feo. IF.

Extrapolation of Data

The celculated regression line and the 65
percent confidence tend can be used to
determine the 1life end corresponding
temperature for other than the test polnts.
The extent io which data may reasonably be
extrapolated is limited by these require-
ments:

A. The celculated regression line must
plot &5 & straight line on the co-
ordinates specified in’section 3, V.D.

B. The life to be expected at & lower
tempereture which may be extrapolated
from deta taken at higher temperatures
must be considered to be anywhere be-
tiizen the upper and lover confidence
linits existing at the desired tempera-
ture,

Applic-iion of Results

It is gquite impracticel to evaluate every
transformer model ard rating built by a
manufecturer and tke use of a prototype
design is very desirmble, Also, it is
known that life test data can be applied
with resascpable.confidence to similar and ,
prototype designs providing that extreme
care is teken to control the range of the
extrapolation. The following conditions

' are offered here as-gul

des for applying
egpecific life teat data to other designs.
Thege similarities moy be revised as data
is collecied and experience ig gained in
conducting tlicse tesis.

A, The windlnpgs shall be constructed with
the same materials and processes,

B The.transforners shall be similar in
configuration and constructien type.
Typicel examples are:

« Solenoidally wound

Toroidally wound

Duolaterally or universally
(honeycomb) wound

+ Metal encased ;

. Encepsulzted and molded, and

. Non-encapsulated and non-encased.

v & W

C. The voltege stress across the insula-
© tion (volts per mil) shall not be
more than 125% of  that used in the
test unit.

D. The operating frequency should be
the same,

E. In extrapolating data to product wound
with other wire sizes becezuse of the
effect of mechanical stresses on the
insulation, consideration should be
given to the wires comprising the bulle
of the windings (not single layer or
few turns, etc.) The extrapolations
should be limited to T-gauge sizes
(2 diameters). &

F. The core and coll weights shall dbe
between 507% and 2003 of the test
gpecimen.

Report of Results

Similer insulation systems mey be used in
different equipment and under varying ex-
posure conditions. It is imperative for
the sake of clarity that the test results
be identified with the conditions of test
and failure criteria, as well as, the
temperature classification and life ex-

pe riancy.

A report of the results of the tests shall
contain the following information:

A. Conmplete description of test sample
(including insulation system),

B. Description cf test cycle including
dielectric tests, temperature aging,
mechanical stress, thermal shock, and
moisture exposure.

C. Calculated regression equation with
95 percent ccnfidence limits.

(1]
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: TABLE I. TEST SCHEDULE

J = e e
25 o o Test, -
Initizl Test 13 Dielectric Proof Test
II | Temperature Aging Four 20 hour periods
IIT | Mechanical Stress See Table III
Basic Test IV Thermal Shock (when
cle ; specified) See Table III
Vv Moisture Exposure
{or special atmosphere) See Table III
1I Repeat the basic test
Complete Test thru | cycle until failure
3 v Occurs

TABLE I1#*

R T

TYPICAL TEST TEMPERATURE AND CORRESPONDING ESTIMATED LIFE

Estimated Life

Hottest Spot Temperature (°C) or Equivelent for

Systems Expected

to Operate at

Hours
105°¢ 130°C 155°¢ 180°c 220°C 250°¢
3000 135 165 195 225 275 310
1000 150 180 215 245 300 340
350 165 200 235 Z70 325 375

* The tewperzture and times in Table II were de
presented by Nerbutl in 1953, _
times do not describe any actual ‘insulation system.

rived from data
The various temperatures and

They

are intended only as a guide in sslecting aging temperatures.

The temperatures in Table IT camnnct be expected to'give the

same end points for &ll insulation systems,

The life curve

end end point of & specific insuletion system are relative -
and they must be compared to similar data on a system of
known reliability and service life to be significant,
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