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AUTHORIZATION 

1. This problem was authorized by Bureau of Ships letter, 
reference (a). Reference (b) is also partinent. 

References: 

OBJECT OF TEST 

(a) Buships problem let. 667/61 (935-2) of March 6, 
1943 to NRL 

(b) Specification 075.1-1943, Ceramic Radio Insulating 
Materials, Class L. 

2, The object of the test was to determine whether the test 
samples or Pemque submitted by the Porcelain Enamel and Manufe1.cturing 
Compnny comply with reference (b) for Grade L-1, L-2, L-3, L-4, L-5 
or L-6 insulating material. 

ABSTRACT OF TEST 

3. Tho wet loss factors were determined by me~suraments mude at 
1000 Kc, in compliance with paragraphs F-1, F-2a and F-2e of reference 
(b) • Dry measurements were also JDEJ.de on the samples. The dry loss 
factors wera cu.cul~ted aid included in this report. Measurements were 
mada in an atmosphere of 25% relative humidity at 260 Centigrade. 

4. The¼" diameter by 6" test specimens were not tested for 
flexural-strength or resistance to thermal change because reference 
(b) requires thut the samples be at least 0.7 inches in diameter. 

s. Dielectric strength tests were conducted twice on the same 
set of swnples. The first time, n maximum voltage of only 50,000 
volts w~s avcilable, c.nd the samples did not break down. The second 
time the samples were tested, a week a.f'ter the first test, sufficient 
voltcge waB applied to brask down the oil around the edge of tha 
samples. When the first test was made, the samples were iJ11J11ersed 
in tr~sformer oil for a few minutes. Before the second tests were 
made, the samples were clel.Iled by r,ubbing a cloth, previously dipped 
in acetone, over the surf£i.Ce of the snm_plas. In spite of this clerui­
ing, it is believed tho.t some of tha transformer oil rrw.y h~ve become 
impregnated~ the samples. This would tend to increase the dielectric 
strength. 
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CONCLUSIONS 

It is .concluded: 

(a) That this material submitted by the Porcelain Enamel and 
Manufacturing Company complies with reference (b) with respect to 
Loss Factor and Dielectric Strength for Grade L-3 insulating mterial. 

(b) That more samples of proper size will have to be submitted 
to see whether the material complies with reference (b) with respect 
to Thermal Shook and Modulus of Rupture. 

RECOMMENDATIONS 

It is recommended: 

(a) That samples ot Pemque which comply with the dimensional 
requirements of reference (b) for Modulus of Rupture and thermal 
Shcok test apeoimens be submitted by the Porcelain Enamel and 
Manufacturing Company and teated by this Laboratory before the 
material is recommended as Class L insulating material of any 
grade. 
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DESCRIPTION OF MATERIAL UNDER TEST 

6. Th.a six samples numberes 628 through 655 inclusiv~ by HfL 
w~re opproximutely 5.5 inches squ~re uncl 0.25 inches thick. Those 
numbared D-l through D-6 inclusive were upproximately ~ inches in 
dkmet<3r and 0.25 inches thick. The mc.terfol ' is gl&.ss bondecl micc.. 
dei=;ign.:.ted LS "Pemqua. 11 

METHOD OF TEST 

7. Physice.l me(..surements of the sampl~s were mc.;.de with 1:.. micro­
meter l;!ld c rule; the electrico.l me~surements, by the par~llel substi­
tution method of susc~ptwice Vll.I'iation. The dielectric prop~rties were 
determined from these date.. 

8. The following equipment WLS usod to muke the alectric~l tests: 

1000 kc crystil controlled m~ster oscillator power umpli!ier, 
~ssembled by NRL. 

NRL st.:mda.rd induct:mce No. 6. 

General Rc,dio qu.;.rtz insul.atad, precision condenser, Type 722-Q, 
seriul no. 460. 

Genarcl Rudio vacuum tube voltmeter, Ty~e 726-A, seriul no, 1485. 

Bollcrltine voltmeter, .TyiJe 500, seri£..l no. 1418. 

Wappler transformer, Type A3, no. 8425 

9. The fsctor of mQrit of tho vuriuble c~p.:..citor is state~ by 
the mcnufr.ctur~r to be better th~ 0.003 x 10-12 FarL:.ds. The f.:.ctor 
of marit of tha ent~o test circuit is batter thc.n 1.11 x 10-12 F..:.rt..cls 
or one C.G.S. electrost&tic unit. The effective Q of the entire me~sur­
ing circuit is approximntely 344 units, measured ~t 1000 kc. 

10. The dry loss factor vro.a determintid after o.llowing the test 
swnpl~s to come to a static equilibrium of ambient temper~ture and 
relative humidity with tlutt of tha standard maasuring circuit, v,hich 
is 2.ssumed to · occur in c.bout ,4 to 48 hours. &ch srunplo wus made into 
~ cc.p,.citor by C.l,)plying foil to both surf£.ces with petroleum oil. The 
£.:.ctors of merit of tho standard circuit with end without ths: swnples · 
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were mo~sured .md each expressed ~s tha rutio of totc.l effective con­
ductcnce to tho resonant .:-11gul.m- velocity. The difference between tho 
two factors thus mac.~ured is equ..:l to tha factor of merit of the srunple. 
Vi'han tha conciuctru1ce of the srunpla is smc.11 una c.:..n be neglocted in com­
pnrison with its susceptc.nce, the power factor is equt...l to th~ r .. ,tio of 
th~ factor.of merit to th~ capacit~Jice. The c~pt.-citW1ce is aqu&l to the 
difference in re~ding of the stmidc.rd, tclcen at resonruice, with .:.:.nd with­
out the sample; provided, tha residual indictuice (L) of tha st.mdurd 
ccpc.citor is sufficiently smell to mnke <.....> LCs, negligible as compc.red 
to unity. 

11. The dielectric ~rmittivity (K) was determined from physicul 
ma~surements mc::.c'.e upon tha sample, ~s outlined in A.S.T.M. St~;ndc.rtla. 
The loss f~ctor is defined as the product of the power fcctor nnd the 
dielactric perm.i tti Vi ty. The wet loss factor wc.s determinetl in c. sirailur 
manner after tha srunples lmd been immersed in distilled wuter for a per­
iod of 48 hours in compliLi.Ilce with j_)U'agr~ph F-2c of reference (b). 

12. Tha Modulus of Ruptur~ tests ware conducted in uccorda.nce with 
parcgrcph F-4 of reference (b). A direct lo&d of 250 poun~s per minute 
wes uppliad miciw,;,.y betwe;;:n two :i:,ointe of rostruint. These points were 
-sepc.r.:..:.ted by u dist,mce of 5.00 inches. The radius of curvt .. ture of the 
three po:i,nts w.;;.s 0.125 inches. A stundc.rd Southwv.rk Testing ~.chine wc.s 
used for this purpose. 

15. Thtal tests for RJsisto.nce to TherlllL.l Ch.:.nge ware conducted in 
c..ccordc:11.ca with pcrc.gr~~ph F-5 of reference. (b). The sc.mpl.)S wer.: immersed 
in four gallons of w~ter c.t approximately o0 c for 10 minutos un~ trc..ns­
ferrotl cs quickly r-.s possible to four gL:.llons of boiling watGr (temper­
uture &pproximc.tely 1000c). 

14. The £incl tests for Dielectric-Strength were conducted in 
accordunce v:ith pc..rc.gruphs F-3a, F-5b end F-5c of reference (b) ·and in 
c..ccordcnce vii th St..:.nclc.rd Methods of Testing Electrical Porcel.:.:.in (ASTM 
D 116-42). The appc.rctus conforms to the reqUirements prescribed in 
Section 3· of th~ Tantative Methods of Test for Dielectric Strength of 
Electrictl InsulLting Mutcri~ls ~t Comr.i1erci~l Power Frequencies (ASTM 
D13signution Dl49) of the AmericW1 Society for Testing M,.teri(;.lS. The 
rate of voltuge rise is governed by mee.ns of u ·mLllucl.ly opercted vc.riac 
in the primary of the high voltage trnnsformer. The high voltt.ge wc.s 
determined by mec.suring the pot<)!ltkl ·e.cross u 101000 ohm resistor which 
w~s connected in Series with(;. 1000 megohm resistor across tha secondary 
terminEJ.s. The needle-point spurking potentiul w.:..s also observed nt the 
SCJne ti.Jna ~s u further check. Tha vro.ve form of the volt~gd ~cross the 
10,000 ohm resistor as sedn on rui oscilloscoJe is prccticclly sinusoido.l. 

- 3 -

lllW1V 
- lf.sEMai I.AbAm,w 



-

· DATA RECORDED DURING TEST 

15. The date. recorded during test ...re given in Tc,bles I and II. 

PROBABLE ERROR IN RESULTS 

16. The error in tha determinution of the power fuctor is not 
gret'.t~r thun 2%, while thc.t of tha loss f£..ctor is not greater thrul 5%. 
The data relcting to dielectric properties huve be~n corrected for the 
fringing of the dielectric flux external to the periph~ry of the elec­
trodes. Corrections to include the residual errors in th~ stcndc.rd 
me~suring circuit he.Ve not been ap~lied to th0se dE:.t~. 

RESULTS OF TEST 

17. Results of tests c.re given in Tc..bles I c..nc! II WJ.d m.:..y be 
sum,-:u.1rized cs follows: The du~ recorded in To.ble I show th~t tha 
samples comply with puregr~ph E-l of reference (b) for Gr&ue L-5 
insuluting m.:.terial. Tc..ble II shows tho.t the swnplos comply with 
reference (b) with respect to Dielectric Strength. The last column 
of Tubla II gives the potentic.1 grc..dient appliad to th~ tast specimen 
~t the tima the oil broke do~n c..round the edge. 

CONCLUSIONS 

18. It is concluded: 

(s.) Thc.t this meteriel submitted by the Po~celnin Enamel 
mid Manufucturing Compc.ny complies with reference {b) with respect to 
Loss Factor c:ind Dielectric Strength for Grade L-5 insul~ting Jll£lturia.l. 

(b) That more sam~les of proper size will hc.ve to be sub­
mitted to see wheth~r the mL.taritl complies with raferance (b) with 
respact to Modulus of Rupture and Therlilill Shock. • 
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TABLE I 

Dielectric Propartias 

NRL Dialactric Constont Power FL..ctor Loss Fc.ctor 
No. Dry Wet Dry Wet Dry Wet 

628 7.02 1.01 0.0018 0.0026 0.0125 0.0184 
629 7.07 7.02 0.0020 0.0028 0.0145 0.0193 
650 7.04 6.99 0.0020 0.0030 0.0141 0.0206 
651 7.54 7.26 · 0.0020 0.0028 0.0148 0.0200 
652 7.00 6.96 0.0019 0.0029 0.0154 0.0204 
633 7.06 7.02 0.0019 0.0027 0.0135 0.0187 

Averc.ge V.a.lue 
For 6 Specimens 7.09 7.04 0.0019 0.0028 0.01~7 0.0196 

TABLE II 

Dielectric Strength 

NRL Brenkdorm,Voltii.ge of Oil Thickness 
Dieloctric.Strength 
at Breakdown of Oil 

.No. 

D-1 
D-2 
D-3 
D-4 
D-5 
D-6 

in Kilovolts 

60.5 
57.2 
57.2 
61.0 
61.0 
57.2 

in Mils 

254 
251 
254 
251 
255 --
254 

in Volts par Mil 

237 
228 
225 
245 
259 
225 

· Ave. : 255 


