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AUTHORIZATION FOR TEST

1. This problem was authorized by Bureau of Engineering letter,
roference (a), and additional references pertinent to this problem are
listed s references (b) to (k).

Reference: (a) BuEng. ltr. 567/61(2-15-k8) of 15 March 1934.
(b) Navy Specifications 17-1-14.
(¢) BuEng. ltr. $62-2(V)/L5(2-1-H8) of 1 September 1934.
(d) Material Laboratory, Navy Yard, N. Y. ltr. $62-2/L5-2(V-4).
of 28 May 1934.
(e) Material Laboratory, Navy Yard, N.Y¥. ltr. JJL7IL4/L5-1(V-4).
of 23 July 1934.
(£f) Materiel Laboratory, Navy Yasrd, N.Y. ltr. $62-2/L5-2(V-4)
of 11 September 1934,
(g) Material Laboratory, Navy Yard, N.Y. ltr. $62-2/L5-2(V-4)
of 11 September 1934.
(h) Text book entitled "Dielectric Phenomena in Hizh
Voltage Engineering" by Peek.
(i} Weston Elec. Inst. Corp. ltr. to N.R.L. of 28 May 1334.
(j) Ne.R.L. Report R-1065 of 17 July 1934 - High Frequency
Insulation Tests.
(k) Navy Specificstions RE 134 317F.

0BJECT OF TESTS

2 The object of the tests was to determine if severul commercially
manufactured phenolic insulating products conform to certain of the specified
requirements for Type E insulating materials as stated in Navy Opecifications
for phenolic insulation, reference (b). These products were tested to
determine compliance in the following respectss

(a) Radio frequency loss factor as stated in peragraph 5(d)(2)
of these specificetions.

(b) Hizh frequency flash-over &s stated in paragruph 5(d)(3)
of the same specifications.

ABSTRACT OF TEST

3s The samples of phenolic insulating material were tested to deter-
mine the following:

(a) The loss factor, measured by the perallel substitution
method, this test being conducted in z manner similsr to
that described in pzragraph 6(g) of reference (b).

(b) The voltuze recuired at a frequency of 90 kilocycles to
czuse & flash-over slong the surface of the insulating
material, this test beinz conducted &s specified in
peragraph 6(f) of this reference.
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Recommendations

(a) It is recommended that paragraph 5(d)(2) of specifications,
reference (b), be amended as follows:

"The loss fuctor at a temperature of 20°C and at a fregquency

between 400 and 700 kilocycles shzll not be greater than 20%,
in either dry or wet condition. Loss Factor shall be defined
as the product of power factor expressed in per ceat and the

dielectric constant of the material.”

It may be noted that loss factor and power factor are expressed in per cent,
znd not by a decimal fraction, as was used heretofore in this paragraph

of these specifications. 4s these quantities are expressed in per cent

in nesrly all literature on this subject, this chanze has been recommended.
Lttention is called to the fact that these factors are expressed in

per cent in Navy specifications for ceramic and glass insuletors, refer-
ence (k). 4s it may be somewhat inconvénient to conduct loss factor

tests at a fixed frequency, @ reasonable frequency latitude has been pro-
vided,

(b) It is recommended that paragraph 5(d)(3) of the specificatioms,
reference (b), be amended as follows:

"The hizh frequency flash-over for the standard test specimen
shall not be lower than 10,000 volis.”

(e} It is recommended that paragraph 6(f)(3) of the specifications,
reference (b), be zmended as follows:

"ilethod of Test — The tests shall be made in &ir at & room
temperature of approximetely 20°C. A test potential of

5,000 volts (effective) shall be applied for a period of five
minutes. The test voltage shall be increased in steps of
1,000 volts each, at the end of each consecutive five-minute
period until breakdowm occurs.

"Three samples of ezch materisl shall be tested znd the
average of the observed flash-over voltages shall be con-
sidered that of the material."

(d) It is recommended that persgraph 6(g) of the specificstions,
reference (b), be smended as follows:

"Messurements of power factor and dielectric constunt shell

be made on samples of sheet insulating material 6" x 6" x 1/4"
whose thickness and flatness are uniform to within 3% of the
thickness. The sample shall be placed between, and in contact
with, two metallic plates six inches square, which shall serve
&5 electrodes. The measurements shall be made at low impressed
voltage, et a frequency between 400 and 700 kilocycles, and at
s temperature of approximately 20°C.

Lilhets &



"Three sumples of each material shill be tested and the averag
of these three measurements of loss factor shall be conzidered
that of the material.

"Each semple shall be first tested as received, and subse-
gquently tested after immersion in distilled water at a temper—
ature of approximately 20°C for & period of 24 hours. After
removal from water, the specimen shall be dried with & clean
cloth and tested immediately thereafter.”

(e) If the Bureau of Engineering concurs with the Laborztory's
recommended changes in specificsations regarding flash-over, it is recom-
mended that Products 2 and 7 receive Navy type approval for type E
materials, in so far as their radio freguency characteristics are
concerned.

(£) Since Products 3, 4, 5 and 6 conform neither to existing
flash-over test requirements, nor to recommended requirements, and
since Product 4, in addition, does not comply to existing loss factor
requirements, it is recommended that Navy type approval for Iype E
meterizls be withheld from these products.

(g) It is recommended that an additional Navy type of insula—
tion be designated to ineclude the low loss types of orgsnic insulators,
end that specifications for this type of material be prepared.

(h) It is recommended that any materizl now approved for Type E
insulation, but on which no flash-over tests have been conducted, be
tested to determine compliznce with the revised high frequency flash-over
specification when issued by the Bureau.
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DESCRIPTION OF MATSRIAL UNDER TEST

e Descriptions of the specimens used in the tests zre furnished
in the following subparsgraphss:

(a) The specimens used in determining the loss fucior were
in the form of flat sheets having & thickness of approx-
imetely 1/4" and an srea of from 25 to 36 squsre inches.

(b) The specimens used in the high frequency flash-over tests
were in the form of flst sheets, 6-1/2" x 8" x 1/2v,

5. The materials tested and the symbols used in this repori to
refer to these materisls are shown in Table 1. Of these materials, only
Products 2 to 7,inclusive, were tested to determine whether or not they
should receive Navy type approval. All materials listed in Table 1
received the high frequency flash-over test, but only Products Z to 7,
inclusive, were tested for loss fzctor. No flash-over tests have been
previously conducted by this Laboratory, and consecuently, as mony materials
as were avellable were subjected to the flash-over test for compurative
purposes, and {o obtzin more flash-over test data to serve us a bzsis in
recommending specification revision. Product 1 wes obtained from stock
aveileble at this Leboratory and was used in making preliminary fests to
determine standard conditions under which a sample should be tested for
flash-over. Product 2 was submitted to this Laboratory at the reguest of
the Bureau of Engineering, reference (c¢). Products 3 to 7, inclusive,
were furnished to this Laboratory via the Materisl Laboratory, Navy Yard,
New York, as indicated in references (d) to (g), inclusive. The test
numbers assizned by the Materizl Laboraztory to each sample forwarded are
shovm in Table 1. Products 9 to 13, inclusive, were obtzined from stock
available at this Lzboratory. Products 11 to 13, inclusive, are not
phenolic materials, and these products were tested for information as to
endurance of' types of organic insulators when subjected to the high
frecuency flash-over test. Where more then one sample of & product was
tested, separate samples are indicated by letters appended to the symbol.

6. During the past five years, this Laboratory has messured the
loss faclors of many types of organic imsulating materisls, and the results
of these tests are useful in certain subsequent parts of this report. These
materials are listed in Tzble 2, with information as to manufacturer,
manufacturer's grade or type and trade name, date of test, and the symbols
used in this report to refer to the various products.

METHOD OF TEST

Ta The methods used in testing the specimens of insulating
matericl tre discussed in the following subparagraphs:

(e) The method used for determination of loss fector is
commonly knowvm &g the parallel substitution method.
The equlpment, the procedure, the circuit analysis,
&nd the condltions under which specimens were tested
are discussed in the following subpcragraphs:
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(1) Plate 1 shows & wiring dlcgrem of the eguipment
used for determinstion of redic frequency icso
fuctor. The measuring circuit consists of & low
loss inductance, & non-inductive varieble calibrated
radio frequency resistor, o low loss veriable cali-
bruted precision condenser, a coundenser formed DY
two suitably sized metzllic plutes belween which
the test specimen Is placed, and & switch to connect
these iwo condensers in peraliel. Rudio frecuency
nower is furnished by & 50 watt batlery operated
oscillstor, which is loosely coupled to the mezsur-
ing eircuit. The ecircuit used for indicetion of
resonsnce (between oseilletor and measuring circuit)
consists of = pick-up coil, & crystal delector, =
radio freguency filter, znd & precise d.c. Licro-
smmeter. The pick-up coil is loosely couplec to the
tuning inductunce of the mezsuring circuit. The use
of an extermal resonance indicator of this type cliows
& messuring circuit of much lower loss than could be
obtained by use of & thermzl instrumeni connected
directly into the messuring circuit. In order to
obtcin zecurate metsurements it is necessary thet the
following fzctors remcin unchunged throughout the
measurement: Frecuency end output of oscillator,
counling between oscilletor and mezsuring circuit, and
coupling between messuring circult and resoncnce
indicetior.

(2) The first step in meassuring the loss factor of a
specimen consists in closing the switch, setting the
stenderd resistor to zero value, setting the standerd
condenser to its minimun value, znd adjusting the fre-
quency of the oscillator until reconance is obtained
with the mecsuring circuit. Revonsnce is indiccted
by the meximun deflection of the microsmmeter, &nd the
recding of this instrument ¢t resonunce is noted and
recorded. The second step of this test consists in
disconnecting the test specimen by opening the switeh,
ineressing the capacity of the stendard condenser until
resoncnce is again obtuined, &nd incressing the resis-
tanece of the standard resistor until the reading of the
microzmmeter ‘s the same ss thet previously noted. The

velue of the cepacity recuired to tune the circult to

L

&

resonsnce and the value of inserted resistince necessuary
to cuuse the ssme microammeter deflection are noted. The
frecuency &t which the test is conducted is also deter-
mineds

(3) An snolysis of the capecituztive portion of the mecsuring
cireult is furnished in order te indicate the means of
determination of loss factors from datz obtsined as dis—
cussed in the preceding subpsrugroph. The electirical
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circuit formed by the twe narallel capucities in the
first step of the messurement is shown in Plcte 2,
Fisure 4, where

Cg = Capzcity ia farad

of the standard
condenser when set at

-

£ minimum veluee

R, = Equivalent series rudio frequency re-
sistance in ohms of the standard con-
denser at the frequency of test.

C, = Capecity in farads of the test specimen.

Ry = Equiveleni series rzdio frequency re-
sistence in ohms of the test specimen
at freguency of test.

I = Radio freguency current in amperes flowi-
ing in both branches of circuit.

I_ = Radio frequency current in amperes {low—
ing through the standsrd condenser,

Ix = Radio frequency current in amperes flow-
ing through test specimen.

The total power loss in this portion of the ecircuit is
shovm by the following formula:

P =1%,0, + I%R, (1)

where P = Total power loss in wetts in the
capacitative portion of the measuring
cireuit.

The electricsl circuit formed by the standard con-
denser and the inserted resistance in the second step
of the measurement is shown in Plate 2, Figure B, where

Cy, = Capacity in farsds of standard conden-
ser at resonance.

Ry = Equivalent series resistunce in ohms of
standard condenser at frequency of test.
R = Insertec resistance in ohms.

Since in both steps of the measurement, the sume micro-
ammeter deflection is obtained and the applied frequency
and impressed radio frequeney veltage are unchenged, it
is obvious that the radio frequency current through the

N



eircuit is the same in boih ccses. Thercfore, the
following ecustion expresses the power loss in Lhe stan-
dard condenser and inserted resistor in the second step
of the measurement:

Py = I7(R + Ryp) (2)

where Py = Total power loss in watts in the stander
condenser and inserted resistance,

Now since the circuit formed by the standard condenser

snd insertec resistunce in the second step of the measure-

ment is the equivalent of that formed by the two parallel
capacities (ineluding losses) in the first step of the
measurement, and since the seme current flows through

the circuit in both cases, it is obvious that the power
loss is also the same in both cases (P = Pp)e. Therefore,
the following relationship is trues

1%.Rg + 1358y = I2(R + Ryp) (2)
The following ecquations express the relationships between

capecity, frequency, veltage, and current in the verious
parts of capacitative portion of the circuits

I=2xFf0CyE (4)
L= 26§ C.E (5)
I= 2% £ C4E (6)

where E = Impressed radioc freguency voltage.
f = Frecuency in cycles per second.

Svbstituting in equation (3) the velues of current shown
in ecuations (4), (5) and (6), the following equztion
results:

o 2 o R 2

(22£C5) “Rg + (22£Cy) "Ry = (25£Cy) R+ Ry) (7)

If the common zssumption be mede that the product of
series resistance, angular velocity,and the square of the

capacity is & constant, then the power loss in & high grude

condenser is independent of capucity setting, if the im-

pressed voltage and applied frecuency are held consteant.

It has been definitely established thet the standard con-
denser used in these tests is of such grade. Therefore,

the terms which are proportional to the power loss in the
standard condenser in each step of the measurement mey be
assuaed equal, and therefores:

(25£C) Ry, = (28£C)° Rq (8)

-5
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Substituting for the term fZ:fCa)zﬁa of ecusticn (7)
its equal in equation (8), the following cquation is
obtained:

- B, = R(Cp/Cx)® (9)

The capacity of the test specimen is expressed by the
following equation:

~ €, =0Cy - Cy (10)
This equation mey be rearranged as follows:
Cy = Cy + C, (11)

Substituting in equation (9) the value of Cy shown in
equation (11), then equation (9) becomes:

Ry = R(L + C/Cy)° (12)

From equation (12) the equivalent series radic frequency
resistance of the materisl may be computed since zll
other terms of the eguation are known quantities. The
capacity of the test specimen may be computed from
eguation (10) as the other terms of this equation zre
knovn quantities. The power factor of the material may
be found from the following eguation:

P.F. = Rx(2%£Cy) (13)

where P.F. = The power factor.

The dielectric constant of the test specimen is obtained
from the ratio of the capacity of the test specimen (Cy)
to the eslculeted capacity which the applied electrodes
would have if the test specimen were removed and the
electrode spacing unchanged. The loss factor is by
definition the product of the dielectric constant and
the power factor.

(4) Each sample was tested first as received, end eggain
tested after immersion in distilled water at room tem-
persture for 24 hours, in order to determine the effects
of moisture absorption upon less factor. After the
sample weas removed from weter, it was dried with & clean
cloth before testing.

(b) In conducting the high frequency flesh-over tests, the placing
of electrodes in the test specimen, the electrode termination,
the power supply, the voltage measuring equipment, the procedure,
and the conditions under which samples were tested, are discussed
in the following subparagraphs,
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(1)

(2)

Holes were plzced in the iest specimen to admi?

_electrodes scross which the hich freguency potential

was impressed. Plates 3 shows the lcecztion, size,

and spacing of these holes, und the accuracy to

which the spacing was kept. £ template was used to
place these holes in order to insure accuracy and
uniformity of spacing in the various sesmples. A&fter
drilling, these holes were reamed to & dismeter of
0.499"%", Plste 4 shows s view of one of the brass
electrodes used in these tests. These electrodes

are pressed into the holes in the tesi specimen zs
shown in Plate 5., The electrodes were tcpered on one
end to assist in pressing them into the specimen.
Since the hole in the specimens is somewhat smaller
than the diameter of the central portion of the elec-
trode, 2 close fit is assured. Now it is possible that
the side across which the flesh-over will occur is
dependent upon the direction of insertion of the drill,
reamer =nd electrode. To eliminate the uncertzinty
of these factors, the drill and reamer were sturted
from one side of the test specimen which is herezfter
designated as side B. The opposite side is designated
as side A. The electrodes were zlso inserted from
side B. Plate 5 shows the direction of insertion of
the drill, reamer, and electrode, as well as the

side designation.

If the test potential were applied to the elecirodes
as shown in Plate 5, it is possible that either corona
or a spark-over would result at the ends of the elec-
trodes before & voltage sufficiently great to cause

& flash-over zcross the test specimen could be applied.
Consequently, these cylindrical electrodes must be
terminated in such & manner as to prevent corona and
spark-over. A metallic sphere attached to the ends of
the eylindrical electrodes (as shown in Plate 6) is

the best type of electrode terminction. The diameter
of these spheres must be so chosen that the voltage
required to cause a spark-over between them will be

as great as possible. The laws governing the relation-
ship between spacing, radius, &nd the electric field
of spherical electrodes are discussed in reference (h),
page 30, Therein 1t is shown that the electric field
between spherical electrodes is non=uniform, and that
the field intensity is greestest slong & line between
the centers at the surface of the spheres. The inten-
sity of the electric field at the highest point is
dependent upon the applied voltage, the radius of the
spheres, and the distance between the nezrest spherical
gurfeces. From the discussion in this textbook it
may be showm that if the distonce between the centers

S



(3)

This equation may be rearranged as follows:
= 3.81 - 2r (16)

Substituting in equation (14) the value of X shown in
ecuation (16) the following equation results:

g = e 7] (17)
3,81 - 2r

On the assumption that a unit potentizl exists be-
tween the spheres, equation (17) becomes:

g= 2 (18)
3.81 - 2r

By assuming various values of r, determining @ from
the curve shown in Plete 7, and then substituting
these quentities in equation (18), a curve may be
drawn showing the relationship between g znd any
selected value of r. Such & curve is shown in Plzte 8.
It is showm by this curve that & sphere radius of
1.05 cm. (dismeter 0.828") results in the lowest
value of field intensity at the point of greatest
field intensity, and consequently, this radius would
withstend more applied voltage before a spark-over
would occur than would any other selected radius.

The curve shown in Plste 8 zlso indicates that the
optimum sphere radius is not highly criticel, as &
sphere radius of from 0.95 cm. to 1.2 cm. would be
nearly as satisfactory. As @ result of this snalysis,
the cylindrical electrodes were terminated by brass
spheres having & radius of 0.828" as shown in Plate 6.
In order to apply an electric field as uniform as
possible to each side of the test specimen, spheres
were attached to both ends of the electrodes. Plugs
were placed on two of the spheres to facilitzte
connection to the applied potential.

Plate 9 shows & schemastic diagram of the equipment

used in conducting the high frequency flash-over

tests. Radio freauency power is obtained from a type

SE 38107, 20 kilowatt power amplifier which is con-
trolled by a type SE 38151, 1 kilowatt master oscillator.
&s the output fregquencies of the master oscilleztor and
power amplifier sre both 90 kilocycles, neutralization
is required to insure stebility. The output circuit of
this power amplifier is locsely coupled through a short
transmission line to a multiple tuned radio frequency
step-up transformer. A guard ring condenser and thermal
milliammeter are connected to the output terminals of
the redio frequency transformer. The function of this
condenser and milliammeter will be fully discussed sub-
sequently. The test specimen is connected to the

e



(4)

(5)

output terminals of the transformer, in parsllel with
the series circuit formed Ly the guard ring condenser
and thermal instrument. YVariztion in the radio ire-
gquency voltage applied to the test specimen 1s obteined
by variation of the power emplifier plste voltage.
Plate power for this amplifier is furnished by & rec-
tifier whose output voltage is controlled by an
induction regulator. By means of a sensitive absorp-
tion wavemeter, it was determined that the output of
the radio frequency transformer was very nearly free
of harmonics, and conseguently, the wave form of the
potential spplied to the test specimen was spproxi-
metely sinusoidal.

The value of radic frecuency voltage applied to the
test specimen was measured with & radio frequency
voltmeter composed of a thermsl millicmmeter and a
capacitative multiplier. This multiplier consists of
the gusrd ring section of & specilelly constructed
condenser composed of two coaxisl brass cylinders.
Plate 10 shows & view of this condenser, with
dimensions of parts, and connections to the instrument
end other parts of the circuit. The position of this
guard ring condenser in the circuit is shown by C3 of
Plate 9. It is obviocus that the current through the
guard ring section only passes through the instrument.
The capacity of the guard ring section may be calcu-
lated from its dimensions by & formula used for
celculetion of capacity between two concentric cylinders.
In the calculstion of this capscity, no correctiocn for
"edge effects" is required, &s no fringing of flux
occurs &t the ends of the guard ring section. From
the capacity of the guard ring section and the current
through this portion, the voltage across this condenser .
may be celculated. A curve is furnished in Plate 11
showing reletionship between radioc freguency voltszge
across the condenser and current through the guard
ring section. The means of connection of the test
specimen to the guard ring condenser is shown in

Pl& te 12 s

In testing s specimen, a potentizl of 5,000 volts
(effective) was applied to the electrodes for a period
of five minutes, and then, the voltage was increased in
1,000 volt steps at the end of each consecutive five-
minute period until FYlesh-over occurred. After flash-
over, the test potential was removed as quickly as
possible, usually within a few seconds. The voltage
required to produce flash-over, and its effects upon the
test specimen were noted. This test was repeated until
the specimen had deteriorated to such an extent as to
meke additional tests impossible.
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(6) It is possidle that the voltspe required to cause
flesh-over will be affected by factors such as
atmospheric humidity, imourities on the surfuce of
the test specinen, moisture within the sample, etic.

In order to remove surface impurities, the surfzces

of zll specimens were thoroughly clecansed with

acetone. 1In order to determine the effects of

hunidity end moisture absorption, several preliminary
tests were mede under specizl conditions to compzre

the results with those obtained from samples tested
without special treatment. These preliminary tests
were mede on seven specimens (Procducts la to 1lg,
inclusive) which were obtzined from one sheet of
material., Products la and 1b were tested without
special treatment. Products lc to lg, ianclusive,
received special treatment, as will be discussed
subsequently, and after receiving such treatuent

were tested immediately thereafter. The holes for
electrodes were placed in each of the specimens

before they received special treatment. Product lc

was thoroughly dehydrated in & desicecator. Product

14 was immersed in distilled water at room temperature
for one hour, and when removed wcs dried with a clean
cloth before tectinz. Product le was immersed in a

5% solution of sodium chloride at room temperuture

for one hour, snd after removel was washed in distilled
water und dried with & clean cloth. Product 1f was
boiled in distilled water for one hour, allowed to

cool and remain in the water for 24 hours, and then
removed and dried with @ cloth. Product lg was placed
in a chamber having controlled temperature and humidity,
and subjected to a temperature of 50°C and a relative
humidity of 75% for & period of 24 hours. By comper-—
ison of the results obtained from samples receiving
treatment with those obtained from specimens tested
without special treatment, it may be determined whether
or not humidity, moisture absorption, etc., are factors
affecting the flash-over tests. This comperison will
also indicate whether or not the samples submitted for
approval should be tested under controlled conditions.
A1l other specimens were tested without special treat-
ment,

DATA RECORDED DURING TEST

8. The observed date are recorded in Tables 3 to 10, inclusive,
and the following discussion is furnished to assist in the interpretation
of these data:

(a) Loss fzctor test data are showm in Table 3. Power
factors and loss factors are expressed in decimal
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(b) Errors in measurement of applied voltage in the high
frequency flash-over test result from Inaccuracies of
the thermsl instrument, and from error in determinetion
of capacity of the gusrd ring section of the condenser.
This instrument was carefully checked ot a frequency
of 60 cycles with a precise thermal instrument (Weston
Model 412), end the results indicated that the thermal
milliommeter used in voltage measurements was in first
class condition. As the scale of a& thermal instrument
is non—uniform, the accuracy to which it may be read
depends upon its deflection. By comparison with the
precision instrument, it was determined that readings
securate to within 2% could be obtzined =t and above
deflections correspondinz to 10,000 volts. No appreci-
able freguency error occurs in the instrument used in
the voltage measurement, as the manufacturer states
in a letter, reference (i), that this type of instru-
ment requires no freguency correction at any fregquency
below 5,000 kiloeycles. OSinee the accuracy of the
computation of the capuscity of the guard ring section
of the condenser depends only upon correctness of
measurement of certain dimensions, it is probable that
the calculated value of this capacity is accurate
to within 1%. As the frequency impressed on the con-—
denser is relstively low, no change in characteristics
of the eondenser with change in freguency may be
expected., It is estimated that flash-over voltage
messurements are accurate to within 5% for applied
voltages of 10,000 volts or greater. As paragraph
5(d) (3) of the specifications, reference (b), requires
that the material withstand & voltage of not less
than 12,000 before flash-over, this degree of accuracy
is sufficient.

RESULTS OF TEST

10, The results of tests conducted are discussed in the following
subparagraphs:

(a) The results of tests to determine dielectric constants,
power factors, and loss factors indicate that moisture
absorption has a slight effect on dielectric properties,
although in many of the products, the resulting changes
are within experimental error. It moy be noted that
all tests were not conducted at the same frequency, and
the question naturally arises as to whether or not the
test frequencies must be considered in comparing the
test data of two materials tested at different frequen-
ciess Tests have been conducted by this Laboratory
on one material at various freguencies between 200 and
800 kilocycles, and no frequency change in dielectric
properties was found which could not be attributed to
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(b)

experimentsl error, It may be noted that all materigls
tested, with the exception of Produet 4, have much
smsller loss factors than the maximum gllowed by para—
eraph 5(d) {2) of the specifications, refereance (b),
which states thzt loss factors shsll not exceed 0.24.
Product 4 has a loss factor much greater than that
allowed, znd even if this product was siven the benefit
of experimentsl error (as discussed in paragraph 9(a)

of this report), it would not then conform to specifica-
tions regerdinz loss factor.

The most important part of the datz showm in Tables 4

to 9, inclusive, zre the values of high frequency flash-
over voltage, as their vaiues are required in order to
determine compliance with specificctions. The other
data sre furnished merely as a description of other
effects of these tests. These tables show informstion
regarding period of time reguired for flash-over to
result after the applied voltage had been increased to
the value which ultimately resulted in flash-over

(not the total time the specimen was under test), the
side across which the flash-over occurred, the effects
of the electric field on the materizl as indicated by
blistering and carbonization, and other observed data.
Plate 13 is furnished to illustrate the various sizes
of blisters listed in Tzbles 4 to 9, inclusive. The
degree of carbonization resulting is expressed in rels-
tive terms. It may be noted that the size of blisters
and degree of carbonization usually increase with the
nunber of tests. Flash-over usually resulted on the
side which had previously blistered, and never occurred
on both sides simulteneously. During all tests the
temperature of the portion of the test specimen between
the electrodes increased as the applied voltage wes
increased. This temperature rise wus cuused by radio
frecuency losses in the test specimen. Also the tempera-
ture of the high potentizl electrode increased with
increasse in applied voltage, although that of the low
potentisl one did not change perceptibly. The voltage
required for flash-over in the first two tests is nearly
the same, although thet required in subsequent tests is
usually less. Eventunlly the result of successive tests
produces & carbonized path between the electrodes, and
then flash-over will result immediately upon application
of voltage. In the test of & few of the specimens, the
second flash-over occurred on the side opposlite that of
the first flash-over. It may be noted that, in a few
instancec, & greater voltage was recuired to produce the
second flash-over than that required in the first test.
The direction of insertlon of the drilk, reamer, and
electrode may heve some effeet upon the side of flash-
over, es the results of 77 flesh-overs show that 29%
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oceurred on Side A snd 71% on Side B, Referring o pera-
graph 7(b){6) of this report, certain of the specimens
(Products lc to lg, inclusive) were tested after special
treatment in order to compare their results with those

of other specimens (Products la snd 1b) tested without
special treatment, and to thereby determine if moisture
content or humidity were factors affecting the results of
the flash-over tests. From the results, it is obvious

that no marked difference in results is obtained from these
materials with the exception of Product le, and this speci-
men was boiled znd soaked in water before testing. There-
fore, humidity or ordinary moisture zbsorption zre not
factors affecting these tests. Consecuenily, no discrep-
ancy will oeccur in the tests of materials submitted for
type approval (products 2 to 7,inclusive) because of
difference in humidity at time of test, or because of a
slightly different moisture content. In order for

moisture content to sppreciably affect these tesis, its
degree must be gquite high, probably near saturation. 4
slight dezree of moisture content produces no appreciable
effect, probebly because the temperature of the specimen
before flash-over increases to a value sufficiently to
drive out most of the moisture. The values of flash-over
voltage shown in Tables 4 to 9, inclusive, are repeated in
Teble 10, in order to more easily compare the results of the
successive tests. Paragrash 6(f)(3) of the specificatiouns,
reference (b), requires that each specimen be tested ten
times, and that the average of these flash-over voltages

be considered the dielectric strength of the materisl,
However, the results of the tests on the phenolic mzterials
indicated no material would withstand more than six tests
before flash-over immediately upon application of 5,000
volts. It is probsble that no phenolic materizl would
comply with this part of the specificztions, because, as
the number of tests progressed, the degree of carboniza-
tion would increase until a short-circuited path hetween
electrodes resulted before that number of tests cculd be
conducted. Consequently, it appears that the number of
required tests must be reduced in order to allow any
phenolic materisl to comply. From the data in Teble 10, it
is shown that one test is probably sufficient, &s no
important information is disclosed in subsequent tests.

If the specifications required a voltage as great as 12,000
for flash-over in the first test, only 40% of the total
products tested and only 17% of the products tested for
type approval would comply. If the flash-over voltage
requirement was reduced to 10,000 volts, then 60% of the
total number of products tested and 33% of the products
tested for type zpproval would conform. OSince phenolic
insulators are now used much less frequently in high power
circuits than previously, & reduction in the flash-over
voltage requirement could probubly be effected without
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percentage of materizls included in the severzl classificutions at verious
loss factor tolerances is showm in this tuble. The information shown in
Table 13 is bused on the tests of 17 products. It may be noted that &s
loss factor toleruznce is reduced, the number of sutisfactory materiels
decreases rapidly. If existing specificciions are modified in such a
manner as to reduce loss factor tolerance considerably, the number of
satisfactory products obtainable is correspondiagly reduced, and competi-
tion is likewise decrezsed, and the increased cost of insulating materizl
would offset any slizht benefits obtzined, If the loss factor tolerance
were reduced to 0.20, instead of 0.24 which is the preseni requirement,
approximately one-half of the tested materials would be satisfactory,

and this value of loss factor tolerance appears reasonable.

14, The loss factor test data of non-phenolic types of orgsnic
insulstion shown in Tazble 12 sre furnished for information to serve as a
basis for loss fasctor tolerance in a recommended additionzl Navy type of
insulation. If the purchsse of any of the materials shown on Table 12
were necessary, no specifications are in effect at the present itime for
obtaining such materials, and as meny Naval applications require materials
of this type, it would be hizhly desirable to issue a suitable specifica-
tion., The mechanical oroperties of these materials are somewhzat inferior
to phenolic insulators, and consequently, in any new specifications, such
factors must be considered. It seems that a loss factor tolerance of
0.07 would appear reasonable for any new grade, znd that a high frequency
power test similar to that described in reference (j) would be desirable.
However, it would be necessary to conduct some actuzl power tests to
obtain information to serve as & basis in specifying requirements in this
respect. The power effects upon these types of materials could be very
easily conducted in connection with the test of cerazaic insulators,
Bureau of Engineeriung Problem Ml-4, as similar equipment and procedure
would be utilized,

15, The high frequency powsr test, described in the preceding
paragraph in connection with qualification tests for the suggested new
type of materials, may also be useful in testing phenolic materials, with
the object of superseding the 90 kilocycle flash-over test with a power
test £t a higher frequency. Although phenolic materizls are now used
less frequently as insulators than previously, such a test would possibly
indicate defects which would not be shovm by tests at 90 kilocycles,

Such tests could also be conveniently conducied in connection with the
ceramic insulation investigation.

CONCLUSIONS

15, Products 2 and 7 are considered suitable for use in the Naval
Service in so far as radio frecuency characteristics are involved, al-
though they do not conform to existing flash-over test requirements.
Products 3, 4, 5 and 6 are not considercd satisfactory for use in the
Naval Servicea
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17. Receat improvemenis im comme rcl
a reduction in the maximum allowable loss factor.

18, L8 no known phenolic material conforms to existinz flash-over
test reguirements, the flugh-over voltage requirements should be reduced
to a reasonable velue, Suitable flash-over test requirements have been

stated in Recommendations (b) and (e).
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Table 1
Key to Symbols

KMaterials Tested for this Report

iHat.Lzb.
NRL Manufscturer's N.Y.Navy Yard
Symbol lanufacturer Trade Neme Grade or Type Test No.
Product
1 Spaulding Fibre Co. Spauldite - -
2% liica Insulator Co. Lanicoid 6022 -
3 General Electric Co. - 2008 2820
VA General Electric Co. Textolite 18414 2901
5 Teylor and Company - X 2919
6 Taylor and Company - XX 2919
7 Richardson Company Insurck - 2958
8 Synthane Corp'n Synthane XX ~
G Synthane Corp'n Synthane A -
10% Mica Insulator Co. Micanite 6022 -
1 Dielectric Products Co. Victron E -
12 Anerican Hard Rubber Hard Rubber - -
Company '
13 Dielectric Products Victron AA -
Company

# These products are probably the same, although they have
different trade names. The manufacturer and manufacturer's
grade are identical.



Table 2

Key to Symbols

lHaterials tested during past {ew years.

NRL Eanufacturer's
__Symbol Zanufacturer Trade Name Grade or Type Date of Test
Product
14 Spaulding Fibre Co. Spauldite - 3-6-29
15 General Electric Co. - - £4-30-29
16 Spaulding Fibre Co. Fibre - 10-20-30
17 Spaulding Fibre Co. Spauldite - 4=24-31
18 Spaulding Fibre Co. Fibre = 4-24-31
19 Synthane Corp'n Synthane A 4=25-31
20 HMica Insulstor Co. Micanite 6022 5-1-31
21 Spaulding Fibre Co. Fibre B 5-19-32
22 National Vulcanized Fibre XP-209 10-6-32
Fibre Company (natural)
23 National Vulcanized Fibre - 10-7-32
Fibre Company (black)
24  Panelyte Corp'n Panelyte - 12-1--32
25 Dielectric ProductsCo. Victron 178-D 1-2-31
26  American Hard Hard rubber ¥ A B i 1-26-31
Rubber Company
27 Dielectric Products Co. Victron E 8-16-32
28 lienhattan Rubber Parock - 10-11-32
. Manufecturing Co.

29 Dielectric Products Co. Victron A 130-34
30 Dielectrie Preducts Co. Vietron AA 2-13-34
31 American Hard Rubber Co.Hard rubber 1119 10-26-34
32 Carbide and Carbon Vinylite - 7-16-34

Chemical Corp'n




Table 3

Logs Factor Test Data

Loss Factor Dielectric Constent Power Factor Test
Hateriel Dry Ket Dry Wet Dry Wet Frequency Kce
Prog:ct 0.12 0.129 VAW 426 0.0268 0.0302 450
2b 0.109 0.110 423 4.2 0.0258 0.0266 460
3a 0.133 0.159 4,.98 5.10 0.0266 0.0311 . 485
3b 0.124 0.144 4.94 5.00 0,0251 0.0288 \ 485
4a 1.59 * 8.9 ¥ 0.179 * 560
4b 1.77 *® 9.3 * 0.190 #* 550
5a 0.153 0.155 5.36  5.36 0.0285 0.0289 465
5b 0.161 0.158 5.39  5.39 0.0298  0.0293 465
6a 0.152 0.156 5.34 5.33 0.0284 0.0292 475
6b 0.142 0.155 5.24 535 0.0271  0.0289 475
Ta 0.165 0.189 5.36 5.54 0.0307 0.0342 475
7b 0.155 0.170 5.36 5.45 0.0288 0.0313 475

Power foctors and loss factors are expressed in decimel fractions end not in percent.

* The "dry" test indicated that this material was so inferior that no "wet" test was conducted.



Material Voltage

Product
la

1b

le*

1la*

le*

1f%

ig*
2a

2b

Fleshover Time in

13,000
12,000

14,000

12,000

13,000

8,000
13,000

11,000

11,000

Hinutes
4-1/2
3-1/2

3

1-1/2

2-1/2

1/2

4-1/2

High Frequency Flashover Test Date

Side of
Flashover

B
B

Table 4
Pirst Test

Blister
Size

medium
amall

small

small

small

large
small

medium

medium

Degree of
Carbonization

slight
slight

glight

slight

none

none
slight

none

slight

Remarks
Blister formed 1/2 minute before flashover.

Blister formed 1/2 minute before fleshover.

Blister formed 1 minute before fleshover.
Yellow gas expelled es 1f under pressure
from portion of test specimen near low
potential electrode 1/2 minute before
flashover.

Blister formed 1/2 minute before flashover.

Blister formed 1-1/2 minutes before flush~
over.

Blister formed 1/4 minute before flashover.
Blister formed 1/2 minute before flashover.

Blisters formed on both sides A and B, 1
and 1-1/2 minutes respectively, before
flashover. Flashover occurred on side B

only.

Blisters formed on both sides A and B,

1 and 1-1/2 minutes respectively, before
flashover. Fleshover occurred on sgide
B only. A liquid having a phenolic odor
was expelled from specimen near high
potential electrode on side B shortly
before flashover.



Table 4 continued

Flash-over Time in Side of Blister Degree of

Haterial Voltege Minutes Flash-over Sige  (arbonization

Product
3a

3b

4a

4b

58

5b

6b
Ta
Tb
8a

8,000
8,000
5,000

. 5,000

8,000

8,000
9,000
9,000
13,000
12,000

14,000

4-1/2

4-1/2

§1f2

1-1/2
1-1/2
2-1/2

B

w > W W O w

small large
small large
medium -
small -
medium large
small moderate
small large
small large
none slight
small slight

very small large

Remarks

Blister formed on Side A, 1-1/2 minutes before fleash-
over; however, the flash-over occurred on opposite
side. No sign of a blister on Side B.

Blister formed on Side A, 1-1/2 minutes before flash-
over; however, the flash-over occurred on opposite
side. No sign of & blister on Side B.

Blister formed on both sides simulteneously 1 minute
before flash-over. An internal breskdown occurred
near Side B.

Blister formed on Side A 1-1/2 minutes before flash-
over. A liquid having a phenolic odor was expelled
from the test specimen near low potentiul electrode
on Side A shortly before flesh-over., An intermcl
breekdown occurred near Side A.

Blister formed on Side A 1 minute before flash-over.
This blister exploded a few seconds before flssh-
over. Specimen ignited by flash-over and flame
was extinguished shortly thereafter.

Blister formed 1/2 minute before flash-over.

Blister formed 1/2 minute before flash-over.

Blister formed 1/2 minute before flesh-over.

No blister formed.

Blister formed 1/2 minute before flash-over.

Blister formed 1/4 minute before flash-over.



Table 4 continued

Flash-over Time in Side of Blister Degree of

HMaterial Voltege MNinutes Flash-over Size Carbonization
Product
gb 13,000 3-1/4 B very smell large
9a 9,000 1 A large moderate
9b 9,000 1 A large large
10 19,000 1 B small large
31 . - = - -
12 - - - - -
13 - - - - -

Remarks

Blister formed 1/4 minute before flash-over.
Blister formed 1/2 minute before flush-over,
Blister formed 1/2 minute before flash-over,
Blister formed 1/2 minute before flash-over.

Deformetion of the material occurred in the
portion of the specimen beitween the electrodes
when the applied voltage wes increased to
13,000, The degree of deformation increuased
with increase 1in voltaege. Mo flash-over was
produced when the applied voltege wos In-
creased to 25,000, No additional tests were
conducted on this product.

lthen the spplied voltage was increused to
25,000, nelther flash-over nor indications of
deterioration resulted. The temperature of
the portion of the specimen between the elec-
trodes inereased slightly. No addltional tests
were conducted on this product.

When the apnlied voltsze was incereased to
25,000, neither flash-over nor indleations of
deterioration resulted. No inerease in tempera-~
ture of the portion of the specimen between the
electrodes was observed. No additional tests
were conducted on this product.

% Specimens so marked tested after special treatment. See paragraph 7(b)(6).



Table 5
High Frequency Flash-over Test Data
Second Test

Flash-over Time in Sfde of 'Blister Degree of

Material Voltage Minutes Flash-over Size Csrbonizetion Renerks
Product
1a 13,000 2 B medium  moderate Bligter exploded and expelled with considerable

force a plece of ignited material ghortly before
flash-over, although the specimen did not becoume
ignited.

1b 12,000 3 A medium  moderate Blister formed on Side & 1/2 minute bvefore flesh-
over, Flash-over occurred on side opposite that
in first test. Yellow gee expelled on hoth sidea
of test specimen near high potentiecl electrode
shortly before flash-over, A liquid having &
phenolic odor appeared on the specimen surface
around the high potentiel electrode about one
ninute before flash-over.

le* 12,000 1-1/2 Iy medium slight A red glow along & narrow carbonized path appesred
about one minute before flash-over, and the inten-
sity of this glow inereased until flash-over
oceurred,

1ag* 13,000 2-1/2 B mediunm  moderate A small blister formed on Side k& about 1/2 minute
before the flash-over ocecurred on the epnosite
side. 4n odorless liouid (probebly water) wae ex-

pelled from the specimen around the low potential
electrode shortly before flesh-over.

le* 14,000 3-1/2 B small none Blister formed on Side B about 1/2 minute before
flash-over, Flash-over occurred on side opposite
that in first test.



Tebie 5 continued

Flesbeover Time in S8ide of Blister Degree of

Material Volbage Minutes Flush-over Size Carbonization Remarks
Product
1% 9,000 3 B large none Blister formed on Side B about 1/4 minute before

flash-over., Flash-over occurred on side opposite
that in first tests A liguld having a phenolic odor
was expelled sround the high potential electrade
shortly before flash-over.

1g® 12,000 2-1/2 B medium  moderate A yellow gss expelled from specimen, near high
potentizl electrode on Side B during 1-1/2 minute
period before flash-over.

2a 12,000 3-1/z2 B leryge lerge A yellow gas was expelled from the portlion of the
specinen around the high potentiel electrode, &
liquid having & phenolic odor wes expelled on
Side B near the high potentizl electrode.

2b 13,000 i B large large Arcing along a carbonized path occurred shortly
before end persisted until flesh-over.

3a 5,000 0 B mediun large Flash-over occurred instantaneously with application
of voltage. No additional tests conducted on this
product,

3b 5,000 0 B mediun lerge Flash-over occurred instantsneously with application
of voltage. No zdditional tests conducted on thls
product.

Aa 5,000 2-1/2 - medium - Blister sizes iocressed. Internal breaskdown agsin

occurred near Side B.

4b 5,000 1 - nediun - Blister size increcced on 8ide A. Internszl break-
dovn occurred necr Side A, &n odorless linuld
appecred on the specimen near low polentiel elec-
trode shortly before hreakdown.

IC F o



11 :Flash-over Time in Sidaleft. Blister

Material Voltage MNinutes Flash-over

Product
5a

5b

6a
6b

Ta

8b

9a

5,000

7,000

8,000

11,000

13,000

13,000

9,000

7,000

2

(0]

Table 5 continued

olae
A large
B small
B medium
B medium
B none
A large
B medium
B medium
B mediun

Degree of
Carbonisation

laerge

moderate

large

large

moderate

moderate

large

large

moderate

Remarks
None.

Flash-over occurred Iinstantaneously with appli-
cation of voltage. No additional tests con-
ducted on this matericl.

None.

Arcing along carbonized path between clectrodes
occowrred shortly before and perslsted until
flegh-over, ©&peclmen was lgnlted by flash-over
snd flame was extinpuished shortly thereafter.

Arcing along csrbonized path between electrodes
occurred approximetely 5 minutes before and
pergisted until flesh-over.

None.

Arcing elong carbonized path between electrodes
occurred approximately 5 minutés before and per-
slsted until flash-over. When flegh-over occur-
red, blister exploded and expelled & gmell piece
of test specimen.

Arcing anlong cerbonlzed path between electroden
occurred approximately 5 minutes before and
perglsted until flash-over.

Intenge arcing occurred on surfuace on Side B
near high potenticl electrode during the 1/2
minute perlod before flush~over.



Table 5 continued

Flash-over Time in Side of  Blister Degree of
Materiel Voltage Minutes Flash-over Size Carbonization

Product
9b 5,000 0 A large large

10 13,000 3 B small large

Remarks

Flesh-over occurred immediztely on spplication of
voltage., No additional tests conducted on this
product.

Intermittent arcing along wide cerbonized path
occurred during 10 minute period before flash-
over.

* Specimens so merked tested after special treatment. See paragreph 7(b)(6).



Flash-oves Timecin- Sideief . Blister

matériQ}_Voltqgg_ Migutes Flash-over

Product
la

1b

1l

1a#*

le*

1f*

1gt

2a

2b

7,000

15,000

5,000

5,000

14,000

12,000

12,000

11,000

7,000

3

1/2

4=1f2

B

ae}

w

Table 6
High Frequency Flosh-over Test Data

Thira Test
Degree of
oize Carbonization
medinm large
mediumnm moderate
mediun moderate
mediwm large
medium slight
large none
medium large
large intense
large intense

Remarks

During lO-minute period before flash-over, arcing
occurred on Side B, the intensity of which in-
crecsed until flesh-over,

None.

IMash-over occurred immediately on application of
voltage. No sdditional tests conducted on this
product.

Flash-over occurred immediately on espplication of
voltage. No additional tests conducted on thig
product.

None,

None.

During lO-minute period before flash-over, arcing
occurred on Side B, the intensity of which in-
creased until flash-over.

Blister exploded on Side B by flush-over. A

licuid having & phenolic odor appecred on
specimen near high potential electrode.

Arcing along wide carbonized nath cceurred during
two-minute period before flash-over,



Teble 6 continued

FlcsiFlash-6ter Tims dn .8ide of = Blister

Materiol Voltage Minutes Flash-over

Product
Aa

4b

5a

6a

6b

7a

7h
8a

8b

9a

5,000
5,000
5,000

5,000

5,000

5,000

13,000

7,000

5,000

9,000

1=1/2
1

0

rrd

Size Carbonizstion

mediun
medinn

large

. medium

medium

none

small

medium

medium

large

Degree of

large

large

modersate

large

large

large

Remarks

Internal breakdorm agtin occurred near Side B,
Internal breskdown &guin oceurred near Side A,

Flagh-over occurred immediately on epplication
of voltaege. No additional tests conducted on
this product.

Flasb~over ogcudred imumediately on application
of voltege. Blister exploded by flesh-over.
No additional tests conducted on this product.

Flash-over occurred immedlately on application
of voltuge. Blister exploded by flash-over.
No sdditioncl tests conducted on this product.

Flush-over occured immedictely on epplication
of voltage. MNo uadditlonal tests conducted
on this product.

None.

Arcing clong wide cerbonized path during
five-ninute period before flesh-over,

Flesh-over occurred immediately on application
of voltuge. No additlonal tests were con-
ducted on this product.

Arcing slong wide cerbonized path during seven-
minute period before flish-over. Blister ex-
ploded by flesh-over.



Product
la

1b

lest

lg*

2b

4b

Flash-over Time in
Materizl _Voltage

5,000

15,000

14,000

9,000

5,000

5,000

5,000

5,000

5,000

Minutes Flash-over

Side of

0

B

Fourth Test
Blister Degree of
..Size Carbonization

medium large
large large
large large
large slight
nmediun large
large intense
large intense
medium -
medium -

Table 7
High Freguency Flush-over Test Data

Remarke

Flash-over occurred immedlately on applicetion
of voltage. No additional teste conducted on
this product.

Arcing along nurrow curbonized path during nine-
minute period before flosh-over.

None.
Blister exploded by flesh-over.

Flash-over occurred immedictely on applicution
of voltage. No additional tests conducted on
this product.

Flcsh-over occurred immedistely on applicetion
of voltege. No additional tests conducted on
this produet.

Flash-over occurred lmmediately on application
of voltage. No additional tecsts conducted on
this product.

Breskdovm occurred immediately on applicuation
of voltage. No additional tests conducted on
this product.

Breskdown occurred immediately on applicastion
of voltage. No additionszl tests conducted on
this product.



Table 7 continued

Flesh-over Time in Side of Blister Degree of

Material Voltage Minutes Flash-over _ Size Carbonization Remarks
Product
7b 12,000 2 B small large None.
8a 5,000 0 B mediunm large Flash-over occurred immediately on application

of voltage. No andditional tests conducted
on this preduct.

9a 5,000 0 B large large Flash-over occurred immedistely on application
of voltage. No additionel tests conducted
on this product.

#* Specimens so merked tested after specizl treatment. See paragraph 7(b)(6).



Table 8
High Fresuerey Fluash-over Test Duta
Fifth Teat

Flash-over Time in  Side of Blister Degree of

Material _Voltege Minutes Flash-over Size Cerbonization Remerks
Product
1b 5,000 0 B large large Flash-over occurred immedisctely on application

of voltuge. No additionzl tests conducted
on thls product.

le¥® 9,000 1/2 A large large Areing occurred in portions of carbonized path
near low potential electrode during
five-minute period before flesh-over.

1f%* 5,000 0 A large moderate Flash-over cccurred immediately on upplicatlon
of voltage. No additional tests conducted on
this product.

Th 5,000 0 B small large Flash-over occurred immedlstely on applicction
of voltage. No cdditionsl testo conducted on
this product.

Table 9
High Frequency Flash-over Test Detu
Sixth Test

le* 5,000 0 A large large Flesh-over occwrred immedictely on &pplicution
of voltage. No additionsl tests conducted on
this product.

% Specimens so marked tested after specicl treatment. See parsgraph 7(b) (6).



Flacshover Voltage in Successive Tests

Table 10

Fleshover Test Data

Wsterisl 1st Test 2nd Test 3rd Test 4th Test 5th Test 6th Test
Product = Voltage Voltage Volizge Voltzge Voltage Voltege

1a 13,000 13,000 7,000 5,000 # "

1b 13,000 12,000 15,000 15,000 5,000 o

1c% 14,000 12,000 5,000 *% s ”

1a% 12,000 13,000 5,000 % - =

le* 13,000 14,000 14,000 14,000 9,000 5,000%%

10 8,000 9,000 12,000 9,000 5,000 5

1g% 13,000 12,000 13,000 5,000 ** "

2a 11,000 12,000 11,000 5,000 % -

2b 11,000 13,000 7,000 5,000 ¢ %

3a 8,000 5,000 # = - -

3b 8,000 5,000 s o = =

in 5,000 5,000 5,000 5,000 2% >

Lb 5,000 5,000 5,000 5,000 2 =

58 g,000 3,000 5,000 s - -

5b 2,000 5,000 £ - - -

6e 9,000 7,000 5,000 - = 4

6b 9,000 8,000 5,000 . = =

72 13,000 11,000 5,000 it - 2

7b 12,000 13,000 13,000 12,000 5,000 -

ga 14,000 13,000 7,000 5,000 #3 -

&b 13,000 9,000 5,000 ** -~ -

92 9,000 7,000 9,000 5,000 s e

9b 9,000 5,000 3 = = “

10 19,000 13,000 5,000 s . <

11 #

2 #
13 i#

# Products so marked tested after special treatment. See Par.7(b)(6).

#¢ No additional tests conducted beczuse of deteriorztion of specimen.

# See "Remarks" concerning these products in Table 4.



Table 11
Loss Fector Test Deta
Phenolics tested during puast few yeurs

Loss Fector Dielectric Constant Power Feactor.

Meterial Dry et Dry lgt Dry liet, eau 1o

Product
14 0.170 0.185 5.17 SeR5 0.0330 0.0350 560
15 0.168 04255 5426 554 040320 0.,0450 475
16 0.360 0.660 599 6.76 0.0610 0.09%0 550
17 0.186  0.213 5.10 5.18 0.0365 0.0410 760
18 0.265  0.336 5440 5464 0.0491 0.05% . 755
19 0.200 0.206 5433 5429 0.0375 0.0389 755
20 0.162 0.189 4+81 5.00 0.0336 0.0376 785
21 0.193 * 4491 * 0.0393  * 475
22 0.097 * 3481 * 0.0255 % 420
23 0.1%56 3* 5012 * 0.0305  * ' 425
24 0.156 0.199 426 4430 0.0367 0.0463 405

Power fuctors and loss fectors are expressed in decimal fractions, and not in per cent.

# No "wet" tests conducted on these materisls,
Loss Factor accuracy 10%.



Table 12
Loss Factor Test Data
Non-phenolics tested during past few yeurs

Loss Factor Dielectric Constuant Power Factor
Matgrial Dry liet Dry liet Dry fiet Frequency Kilocyeles
Prog;ct 0.0182 * 2.99 * 0.0061 * 480
26 0,0228 0.0231 3440 3eddy 0.0067 0,0067 465
27 0.0554 ® 3.16 * 0.0174 * 505
28 0,0193 0,065 b33 4ol 0.0045 0.0147 340
29 0.0475 * R+67 ¥ 0.0178 * 460
\ 30 0.00141 0.0084 2448 247 0.00057 0.00339 485
31 0.0136 * 3.1C * 0004327 * 500
32 0.0363 * 2e97 * 0.0123 Lot 620

Power factors end loss fectors are exprossed in declmal fractions, and not in per cent.

* No "wet" tests conducted on these matcrials.
Loss Factor accuracy 10%.



Table 13

Clessification of Phenolie iaterisls at Various Maximum Loss Factor Tolerances.

Meterisls Appear-
ing Acceptable

Maximum from "Dry" Test,
Loss Factor  Materiesls hccepteble  Materiels hAcceptable "Dry" Materisls Non-acceptable bdut no "Weth Tests
Tolerance  cither "fet" or "Dry"  but Non-scceptable "iet! either "Wet" or "Dry" Conducted.

0.30 65% ~ 17.5% 17:5%

0.24 59% 6% 17.5% 17.5%

0.22 59% 6% 17.5% 17.5%

0.20 L% 17.5% 17.5% 17.5%

0.18 30% 23+5% 35.5% 12%

0.16 R4T 12% 53% 12¢
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