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AUTHORIUTION 

1. This problem was authorized by Bureau of Ships letter, 
reference (a) . References (b}, (c), (d) and (e) E.I'e also pertinent. 

References: 

OBJECT OF TEST 

(a) Buships problem let. (9S5-2) of April 1, 1945 
to N.R.L. 

(b) Buships let 567/61 {5-23-480) of May 25, 1941 
to N.R.L. 

(c) Buships let 867/61 (480V) of July 17, 1942 to 
N.R.L. 

{ d) Specifications RE lBA 31 7F. 
(e) Specification C75.l-194B, Ceramic &.dio Insulating 

Materials, Class L. 

2. The object of the test was to determine whether the test 
samples submitted by the Hartford Faien~e Compuny comJly with reference· 
(e) for Grade L-1, L-2, L-5, L-4, L-5, or L-6 insulating material and 
to make moisture absorption measurements. 

· liBSTRACT OF 'J'EfT 

5. The wet loss factors were determined by measurements made ut 
1000 Kc, in compliance with paragraphs F-1, F-2a and F-~c of reference 
(e). Dry measurements were w.so Ille.de on the Sb.lllples. The dry loss 
factors were calculeted 611d included in this report. 

4 . Moisture absorption mecsurements were made in accordance with 
paragraph 5 of reference {c) and i)U'agr&ph 6-2 of reference (d). 

- l -



CONCLUSIONS 

It is concluded: 

(a) Tha.t this material submitted by the Hartford Faience Company 
complies with reference (e) for Gr~de L-l insulating material wid that 
the moisture absorption is less than 0.1% in compliance ~ith reference 
(d). 

(b) That the material complies with reference (e) with respect to 
Modulus of Rupture, Thermal Shock and Dielectric 6tr~ngth. 

RECOMMENDATIONS 

It is recommended: 

(a) That the test eamples submitted by the Ha.rt.ford Faience Company 
be approved as Grade L-1 ceramic insulating IIlb.tcric.l. 
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DESCRIPTION OF MATERIAL UNDER TE.ST 

5. The six circular samples numbered 661 to 663 and 681 to 683 
inclusive by NRL Ytere npproximately 4.5 inches in diams::ter e1.nd 0.2 inches 
~hick •. ~fles numbered D-~ through D-13 were discs approAi.mately 2 
inches in aiameter and 1/4 l.llCh thick. Those number.,d T-1 through T-6 
and 102 through 107 were rods approximately 6 inches long and 11/8 
inches thick. 

METHOD OF TE.ST 

6. Physical measurements of the samples were Illci.de with micro­
meters and a metric rule; the electrical measurements, by the parallel 
substitution method of susceptance variation. The dielectric propdrties 
wer8 detarmineci from these dat~. 

7. The following equipment \'lliS used to make the electrical tests: 

1000 kc crystal controlled master oscillator power umplifier, 
assembled by NRL. 

NRL standard inciuctance No. 6. 

General Radio quartz insulated, prcci~ion condenser, Type 72E-Q, 
Serial no. 460. 

General .Radio vacuum tube voltmeter, Type 726-A, serial no. 1483. 

Ballantine voltmc:ter, Type·soo, serial no. 1418. 

Wappler tr6.llsformer, Typt; A5, no. 8423 

8. The factor of merit of the variabl~ c&:i;>acitor is stated by 
the manufacturer to be better than 0.003 x 10-12 Farads. The f&ctor 
of merit of the antire t~st circuit is better th.an 1.11 x 10-12 Far~ds 
or one C.G.S. electrostatic unit. The c££active Q of the entire measur­
ing circuit is apprmdma tely 544 uni ts, measured at 1000 kc. 

9. The dry loss factor was detarmin .. d aftur c;;.llowing the test 
S/illlples to come to a static equilibrium of ambient temp0rature and 
relative humidity with that of th<= su.ndard m~a.suring circuit, ,1hich 
is assumed to occur in about 24 to 48 hours. F.a.ch samplE: vw.:::. Il1tl.de into 
a capc:.citor by applying foil to both surfaces with petrolaum oil. The 
factors of merit of tha standard circuit with and without the samtlles 
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were measured and each expressed as the ratio of total effective con­
ductance to the resonant angular velocity. The difference between the 
two factors thus measured is equal to the factor of marit of the sample. 
When the conductance of the sample is sroall and can be negl~cted in com­
parison with its susceptance, the power fe.ctor is equal to the ratio of 
the factor of merit to the capacitance. The capacitance is equal to the 
d:if'ference in reading of the standard, taken at resonance, with and with­
out t~e s~ple;~P:o'?-ded, the residual in~uctance (L) of the standard 
capacitor is smficiently small to make W LCs, negligible as compured to 
unity. 

10. The dielectric permittivity (K) was determined from physical 
measurements lllllde upon the sample, as outlined in A.S.T.M. Standards. 
The loss factor is defined as the product of the power factor and the 
dielectric permittivity. The wet loss factor was determined in a similar 
manner after the samples had been immersed in distilled water for a per­
iod of 48 hours in compliance with paragruph F-2c of reference (e). 

ll. The Modulus of Rupture tests were conducted in accordance with 
paragraph F-4 of reference (e). A direct load of 250 pounds p0r minute 
was applied midway between two points of restraint. Thtise points were 
separat~d by a distance of 5.00 inches. The radius of curvature of the 
three points was 0.125 inches. A standard South~ark Testing Machine was 
used for this purpose. 

12. The tests for Resistance to Thermal Change were conducted in 
accordance with paragraph F-5 of reference (e). The samples were immersed 
in four gallons of water at approximately o0 c for 10 minutes and trans­
ferred as quickly as possible to four gallons of boiling water (temper­
ature approximataly 100°c). 

13. Tests for Di~lectric-Strength were conducted in ~ccordWlce 
with paragraphs F-5a, F-3b and F-Bc of refer8nce (e) and in accordance 
with Standard Methods of Testing Electrical Porcelain (AST"id D 116-42). 
The apparatus conforms to the requirements prescribed in &:ction 5 of 
the Tentative Methods 0£ Test £or Dielectric Strbngth of EJ.ec~rica.l 
Insulating rih.terials at Commercial Power Frequencies (A.S.T.M. Designation 
Dl49) of the American Society for Testing Materials. Th6 rate of voltage 
rise is governed by means of a manually operated variac in the primary of 
the high voltage transformer. The high voltage wt.s determined by measur­
ing the potential across a 10,000 ohm resistor which was connected in 
series with a 1000 megohm resistor across the secondary tarminals. The 
needle-point sparking potential was also observed at the same time as a 
further check. The wave form of the voltage across the 10,000 ohm 
resistor as seen on an oscilloscope is ~ractic...lly sinusoidal. 

- 5 -



14. Samples numbered T-1 through T-6 were first tested for Dielec­
tric-Strength using a transform.;r of 30 K.V. R.M.&. top rating. This 
voltage w~s insufficient, but at the time these tests werci conducted, a 
high~r voltage trwisform~r was not available. One week latdr the Wappler 
type A-5 transformer was obtained and further t~sts for Dielectric­
Strength were conducted on th~ same samples. The dielectric strength of 
these s~mples may have been increased by immersion in oil during the 
first tests. Afkr completion of tests, one SLJDple was broken o.nd 
examined for p,metration of oil. No definite conclusions v,ere obtainedt 
however, in all but one of the second tests, the transformer oil broke 
do\vn before the sample which is a good indication that the se.mples are · 
of high dielectric strength. 

15. The Moisture Absorption ~sts were carrie:d out on newly frac­
tured pieces as detailed in :;>aregraph 6-2 of reference (d) where the 
newly fr&ctured surface was ~pproximately 50% of the unfractured ~urface 
of each sampla. The samples ~er~ soaked in distilled water for 100 hours 
during which time the water was boilad for a period of l hour during the 
1st, 25th, 49th and 73rd hours. At th~ end of 100 hours the S@npl~s were 
removed from thi:l water, carefully dried with filter paper and immediately 
weighed. The samples were then placed in a desiccator for a period of 96 
hours after which time they were weighed dry. 

DATA RECORDED DURING TF.ST 

16. The data recorded during test are given in Tables I, II, III, 
IV and V. 

PROBABLE ERROR IN RESULTS 

17. The error in the determination of the power factor is not 
greater thclll 2j, while th.:.t of the loss factor is not greater th&n 3%. 
Thci error in the determination of the percent moisture absroption is 
less than 1%. 

The data relating to dielectric properties have been corrected 
for the fringing of the dielectric flux externo.l to the periphery of the 
electrodes. 

Corrections to· include the residual errors in the standard 
measuring circuit ru.ve not been applied to these data. 
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.RF.SULTS OF TEST 

18. Results of tests are given in Tables I through V and may be 
summarized as follows: The data recorded in Table I show that the 
samples comply with paragraph E-1 of r~ference (e) for Grade L-1 insul­
ating material. Tables II, III and IV show that the samples comply with 
reference (e) with respect to Modulus of Rupture, Resistance to Th~rmal 
Change fJ.Ild Dielectric Strength. After being subjected to 20 cycles, the 
thermal shock samples were in good condition. 

19. Table V shows that the samples passed the moistura absorption 
test as detailed in psr~grapb 6-2 of reference (d) ruid par~graph 5 of 
refer~nce {c). 

CONCLUSIONS 

20. It is concluded: 

{a) That this material submitted by the Hartford Faience Com­
pany complies with rcfersnce (e) for Grade L-1 insulating material and 
that the moisture absorption is less than 0.1% in compliance with ref­
erence (d). 

(b) That the material complies with reference(~) with respt;ct 
to Modulus of Rupture, Thermal Shock and Dielectric Strength. 
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TABLE I 

Dielectric Properties 

N.R.L. Dielectric Constant Power Factor Loss Fuctor 
No. 

661 
662 
663 
681 
682 
683 

Average Values 
For Six Specimens 

Dry Wet Dry 

5.86 5.82 0.007B6 
5.81 5.81 0.00752 
5.83 5.84 0.00730 
5.82 5.90 0.00787 
5.85 5.88 0.00795 
5.94 5.94 0.00790 

5.85 5.86 0.00765 

TABLE 1I 

Modulus of .Rupture 

NRL Direct Breaking Diruneter in 
No. 

102 
103 
104 
105 
106 
101 

NRL No. 

T-1 
T-2 
T-3 
T-4 
T-5 
T-6 

Loc.d 

1054 
1026 
1052 
1128 

912 
1040 

Inches 

1.090 
1.094 
1.094 
l.ll6 
l.096 
1.120 

TABLE III 

Thermal Shock 
Length= G.25 inches 

Diameter in Inches 

1.101 
1.094 
1.103 
1.089 
1.094 
1.101 
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Wet Dry Wet 

0.0174 0.0431 0.101 
0.0143 0.0438 0.0830 
0.0152 0.0425 0.0890 
0.0153 0.0458 0.0900 
0.0152 0.0465 0.0776 
0.0135 0.0469 0.0802 

0.0148 0.0447 0.0868 

Modulus of 
Rupture 

10,170 
9,980 

10,220 
10,320 

8,820 
9,410 

Cycles Completed 

20 
20 
20 
20 
20 
20 



NRL 
No. 

~8 
D-9 
D-10 
D-11 
D-12 
D-13 
D-14 

NRL 
No. 

661 

TABLE IV 

Dielectric Strength 

Breakdown Volta~e Thickness 
in Kilovolts in mils 

61.0 242 
50.1 215 
56.2 219 
55.5 242 
59.0 260 
36.2 218 
55.3 232 

TABLE V 

Moisture Absorption 

Weight in Grams 
Dry Wet 

30.145 50.174 
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Dielectric Strength 
in Volts per Mil 

252 
235 
257 
227 
244 
166 
258 

Ave.= 231 

Loss 
In Grams In Percent 

.Q.029 0.096 




