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AU?HOP..IZATION FOR TE~T 

1., This proble!!l -...,as ;:;.uthorize<i by Bure~u of :C:."li:;i:1ecrl:-i,: letter, 
reference (a) , and atloi tional references pc!'tinen t to t.his proole.:i .:ire 
listed ~s refer ences (b) to (k). 

Reference: (a) 
(b) 
(c) 
(d) 

(e) 

(f ) 

(g) 

(h) 

(i) 
(j) 

BuEne. ltr .. 567/61(2-15-1,8) 01 15 .,larch 1934. 
Navy Specifications 17-1-l.4. 
BuEng. ltr. S62-2(V)/L5(2-l-t8) of 1 5ent~mber 1934., 
Material Laboratory, NuV"J Y&rd, N. Y .. ltr. Ui2-2/L5-2(V- 4). 
of 28 May 1934 .. 
:.fateri:,l Labor[..tor; , Ni.v-1 Yaru, H.Y. ltr. JJ17I l.4/L5-l(V-4). 
~f 23 July 1934. 
.Jnter ia.l Labora.t:>ry, Ni.vy Yard, li .. Y .. ltr .. S62-2/L5-2(V-4) 
of 11 Septe~bor 1934. 
;.iuterial Laborr:.tor:, , NnV'_r Yard , N.Y. ltr. S62-.::2/L5-2(V-4) 
of ll Septeober 1934. 
Text book entitled 11 Dielectric PhenoJJena in High 
Vol ti.i5e Enginee!"ing" by Peek. ,.e~ ton Elec. Inst. Corp. l tr . to ?: .R.L.. of ~8 ~y 1334. 
~.R .. L. Report P..-1065 of 17 Jul:, 1934 - Hl_;h Frec;ucncy 
Insul~tion Te~ts. 

(k) ik.v-,r 3peci:ic~tiom; ~ lJJ. 317F. 

2. The object of Lhe tests m:..s to determine if sever:...l collililerciully 
munufuc:.ured phenolic insul:....ting r,roJuc ts conforra to ce1· Lt.ln of the specified 
require::1ents for Type E insulati:'15 rne:.:.erL.1.ls us sttited in l,c.ivy 0pecific~tions 
for phenolic insulr.:.tion, reference (b). Thene prod'.l.Cts were tc::;tcd to 
det1.,r:nine compli.:.nce in the follo11ing re3Jects: 

(a) Rr..dio frec;uency loss i'nctor an stuted in pi:.rur;raph 5(d)(2) 
of the~e s,ccifications . 

(b) High frequency flash-over u~ st~tcd in ~~ragr.:.ph 5(d)(J) 
of the sane specifications. 

AB~T2.ACT OF ~EST 

3a The s&:n;,lcs of phenolic insulatine m£.terial ·;;ere tested to deter-
mine the follov1bg: 

(a) The loss foctor , measured by the paro.llel nubstitution 
method, this test being conducted in t:. 10· .. nner ni:nil:...r to 
thnt described in ~~ugr&;,h 6(g) of reference (b). 

(b) The volt..:5e rec;ulred ::..t u frequency of 90 kilocycles to 
c~use ~ flush-over c...lon~ the ~urf3ce of Lhe in~ul~tinG 
m~1teriul, this test being conducted as specified in 
pc.ra5raph 6(f) of this rc:erence. 
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Recommendations 

(a) It is recoinmended that par.s.5raph 5(d) (2) of specifications, 
reference (b), be amended as follows: 

"The loss fo.ctor at a temperature of 20°c and at a frequency 
betv;een 400 and 700 kilocycles sh.::11 not be greater than 20%, 
in either dry or wet conditiono Loss Factor shall be defined 
as the prouuct of power factor expressed in per cent and the 
dielectric constant of the raaterial. 11 

It mc.y be noted thnt loss f&ctor and pouer fci.ctor are expressed in per cent, 
&nd not tr:r a decimal fraction, as ,;a.s useci heretofore in this paragraph 
of these specifications. hS these quantities are ex?rcssed in per cent 
in nearly all literature on this subject, this chanJe has been recommended. 
attention is called to the fact that these factors are expressed in 
per cent in Navy specifications for ceramic and gl~ss insul&tors, refer­
ence (k) o As it may be somev;ha t inconvenient to conduct loss fr..ctor 
tests at a fixed frequency, a reasonable frequency lcititude has been pro­
vided. 

(b) It is recommended that par~graph 5(d)(3) of the specificutions, 
reference (b), be amended as follows : 

"The high frequency flash- over for the sta.ndard test specimen 
shall not be lov1er than l0,000 voltso 11 

(c) It is recommended th.:i.t pare.graph 6(f)(3) of the s_pecificutions, 
reference (b), be ciIIlended as foll01•1s : 

"Method of Test - The tests shall be ms.de in air at a room 
temperature of-approximately 20°c. A test potenti~l 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, &t the end of each consecutive five-minute 
period until breakdo~m occurso 

11 Three samples of e~ch material shall be tested and the 
average of the observed flash- over volt~ges shall be con­
sidered that of the materialo 11 

(d) It is recommended thut paragraph 6(g) of the specific&tions, 
reference (b), be amended as follows: 

11Mecsurements of power factor and dielectric const~nt shall 
be made on s&.mples of ::iheet insulating m&terial 6 11 x 6 11 x 1/1+'' 
v,hose thickness and flu tness arc uniform to 'Hi thin 3% of the 
thickness. The sc1mple shall be placed beb7een, and in contact 
with, tv;o met&.llic plates six inches square, ~"lhich shall serve 
as electrodeso The measurements shall be made ut low impressed 
voltage, at a freCJuency bet1Veen 400 and 700 kilocycles, and at 
a te~perature of approxio~tely 20°Co 
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"Three samples of each mu.terial sru..11 be tested and the :.i_vcr~ge 
of these three measurements of loss factor shall be considered 
thnt of the materialo 

"Each srunple shall be first tested as received, &nd subse­
quently tested after immersion in disti1-led 7;ater at a temper­
ature of approxima tely 20°c for 1;. period of 24 hourso After 
removal from water, the specimen shall be dried 77ith a clean 
cloth a.'1d tented immediately ther eafter." 

(e) If the Bureau of Engineering concurs with the Laboratory's 
recommended changes in specifications 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 frequency characteristics ore 
concerned. 

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

(g) It is recolll!Ilended that an additional Navy type of insula-
tion be designated to include the lou loss types of organic insulators, 
and that specifications for this type of material be prepared. 

(h) It is recommended that any mu teri&l no.; approved for Type E 
insulation, but on :uhich no flash- over tests have been conducted, be 
tested to determine compliance with the revised high frequency flash-over 
specifica tion v1hen issued by the Bureauo 
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4o Descriptions of the S?e~bens used in the tests .:re furnished 
in the follo.·ting sub_paragraphs: 

(a) The specimens used in deterraining the loss fuct.or iiere 
in the form of f l at sheets hnvtng a thickness of approx­
im&tely 1/4" and 8.n area of froo 25 to 36 squsre inches. 

(b) The speci mens used io the high frequency flash- over tests 
\7ere in the form of flat sheets, 6-1/2" x 811 x_ 1/2". 

5. The lll&.terials test ed and the symbols used i n this report to 
refer to these mater ial s are shown in Table 1 . Of these ra&teric..ls, only 
Products 2 to 7,inclusive, were tested to determi~e r.hethcr or net they 
should receive Navy type approval . All mnter ials l isted in Table l 
r eceived t he high f r equency flash- over test, but only Products 2 to 7, 
inclusive, were tested. for loss fn.ctor. No f l ash- over tests ha:ve been 
pr evi ousl y conducted by this Labor~tor"J , &nd consequently, as r:w.ny materials 
a s were uV6.ll&bl e uere subjected to the f l ~sh-over test for compurati ve 
puri)Oses , and to obt~in mor e f l ash- over t est data t o ser ve us a hr.si s in 
recol:1lllending specification revision. Product l was obt ained from stock 
available at this Laborator y and -:w.s used i n making pr eli:ninary tests t o 
determine st~ndard condi t i ons under which a sample should be t ested f or 
f l ash- over. Product 2 was submit ted t o t his Labor ator y at the request of 
t he Bureau of Engi neeri ng , r efer ence ( c) . Pr oducts 3 t o 7, inclusive, 
v1ere furnished to thi s Labor ator-,r via the &terial Laboratory, Navy Yard, 
New York, as indicated in r efer ences (d) to (g), inclusive. The test 
numhers assitned a'J the Muteric..l Laboratory to each sample forvr~rcied are 
shovm in Tabl e l. Pr oducts 9 to 13, i:1clusive, wer e obt:.ined ::rol!I stock 
uvnil able at this LLbor~tory. Pr oducts 11 to 13, inclusive, are not 
phenolic .m~ter ial s , and these products were tested for inform.'.ltion as to 
endurance of types of orgLnic in::mla tor s 11hen subjected to the high 
f r equency f l "sh- over t est. riher e more then one sample of u. product ;·ms 
tested, separate samples are indicated by letters appended to the symbol. 

60 During the past five years , this Laboratory has mes.r;ured the 
loss factors of m&ny types of organic insulating materials, und the results 
of these tests are useful in certain subse~u~nt perts of this report . These 
mo.teriali=; are listed in Tc.ble 2 , with informution as to mi:nufacturer, 
manufE.Jcturer ' s gr·ade or ty;,e &nd tr-ade name, dnte of test, and the sym!Jol s 
used i n thi~ r eport to refer to t he various pr oducts. 

METHOD OF TEST 

7o The methods used in testing the speciiuens of insulating 
ma teriul 1..1•c d.it~cussed in the follm1ing subpli.rngrophs: 

(a) The method used for de t ormina t i on of los~; fnctor is 
commonly knovm as the par allel substitution method. 
The equ!pa1ent, t he procedure , the circuit onc.l ysis ., 
and t he conditions under ;·;hich speci mens were te~ted 
ar e di scus~ed i n t he followi ng subpc.rn6r aphs1 
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(1) ?l&te 1 ~hor:s L v;i:-1'1.":; d luf!"[fu of t:2e er:uipi: ci,,, 
llSed 2o~ Jeter:rd_!"\c. t ion of .c·c..J.io .£.'re~ue11c./ ~ -~ w: 
fb.ctor o Tbe ;nc1;, surinc ci:·cui t consists of c.. lm: 
loss i'r.ductt1nce , .... non-i11d.uct.i.ve vc.rluble cv.lillruted 
radio f~·ec;_uency re..,istor, ~ lo,; losG V[..ri~,ble C[..li­
brt, ·u:i6. preci sj on c0ndcrwer, c. condenser ::'orrned by 
two suitably sized 1;1cte'llic ph.tes bet,,e.:n ,:h.ich 
the '.est s;iecitlE-r ls pl r..cao., c.nd ..... s ,;i tch to connect 
these tno con..ie:u:er~ ic p&r c..lJ el. Riidio frecuenc:t 
;,ower is furnished by E. 50 ..-utt 1.,G ttery orcr1.:.tcd 
oscillator, -:;hich is loonely coupled to the me&sur­
ing c i rcuit . 'Ihe circuit used i·or indic&tion of 
re[;ont:nce (bet,1een osc:.lJctor c:nd .aec.: .. mrln6 circuit) 
consists of & ? ick-u:) coil , .:: crystal detector, c. 
r adio frequenc:r filter, ;:nd & precise d .c. L1lcr o­
c.Imneter . The pi ck- up coil i ~; loosel;y cou;>l0c. to the 
timing i nciuc tu nee of the nieusuring cir<'ui to Tbe use 
of nn external resonc.nce indicator of this type tllm·,s 
e measuring circuit of much lo;•;er lot1s thnn could be 
ol1t &i ned by use of [. therrncl inctrwr.erlt connected 
directly into the ~c~surine cjrcuito In order to 
ohtc.in cccurate :net.suremE;nts i t i s necessary th.::.t the 
followinG fc.ctors remc.in uncb.ing:ecl throughout the 
meusure~ent: Frc½uency and output of oscillctor, 
coupline: betvieen oscillE. tor l-:nd me&Slll'ing circuit, und 
couplin6 ~tv;een ::ueasuri ng circuit &.nd r e::iom:nce 
i ndic&tor. 

(2) The f irst step in !.!ler.sur foe the l o~& factor of fl 

specimen consif;!.s i n closine the s•:;i tch, set tin;:_. the 
stc:..nd&r d re,,L-; tor to ze.r'o vc.11ie , E,et ting the sh.ndard 
condenser to i ts minimtm value , an d v.djusting the fre­
quency or the oscill& tor until reccnunce ir. o:itt..ined 
w:i th the mec.suring circu.: to Re~:onL.nce is ir:ci lee. ted 
by the mt.,xirn1111 deflP.ct:i on of the mi crot-nuneter , c.nd tl:e 
r ecdine of this instrument £ t resont..nce it; noted und 
recorded.o The ::iecol'!d step of this test consist.::, in 
disconnecting tpe tm,t s;iecir.1E:n b:;r 6:)enini the ta,::.tch, 
increc sine· the c&p, .. ci ~y of the s tl.nd.:,rd condense:r until 
re::;oncnce is u.gr:iin obtt,incd, Lnd lncre&sing tl~e rei:is­
tu.nce of the st&nd<-trJ resictor until the rcuding of the 
micrOlJ!llllCtcr .' fi the same ac the t pr c·,.riousl:; noted o The 
vc.luc of the cL.p&city re~uired to tune the circuit to 
r eson&nce t..nd the vc..lue of in::ierteu rc:..;i :...talCe necei.,u,ry 
to c1..use the 8G.Oe !1icror,mmc.ter deflection cre notede 'I'he 
fre(juency &.t which the test i!', conducted if; c..lso deter­
minedo 

(3) An bn&lysis of the c .. cpccitttive portion of the .710[.:mrine 
circu.i. t is furnisl:ed in order to indicate tile met.n:; of 
determ.i.m, tion of lo:c;n fc.ctorfl f r om d;.;.t&. obtl.incd e:s dis­
cussed in the :)rccGdinf n1tb;:>r,r1:..~.-rnpho 'I"he electricul 
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circuit forned b;,; t~1c ·, 1•;0 _;)urollel c:.:.;iud. ties :.n the 
first step of the mct.suremm1t is shmm in P2.::.ce 2, 
Figure A, 1::here 

Ca = Cap&ci ty in f&rc:.ds of the stnndE.rd 
condenser when set & t mln:innun v&lueo 

Ra= Equivalent series r~uio frequency re­
sistance in ohms of the st~ndard con­
denser at the frequency of testo 

Cx = Cap&city in furuds of the test specimen. 

Rx = Equi v&lc,m t seric s rc.dio frequency re­
sistc.nce in ohms of the te::;t specimen 
at frequency of testo 

I Radio frequency current in runperes flov;­
ing in both branches of circuit. 

Radio frequency current in amperes flou­
ing through the s tc.ndi:n·d condenser o 

Ix = Radio frequency current in ampere::, flon­
ing through test specimen. 

The total power loss in this !)O!'tion of the circuit is 
shovm by the following f ormula: 

where P = Total pov;er loss in wt..tts in the 
capacitative portion of the oeusuring 
circuit. 

(1) 

The electrical circuit formed b-J the standard con­
denser and the inserted r esist&nce in the second step 
of the measurement is shovm in ?h.te 2, Fie;ure B, v1here 

Cb= Capccity in farads of standard conden­
ser at resonanceo 

Rb = Equivalent ~eries reci~ttmce in ohms of 
standard condenser at frequency of te~t. 

R = Inserted resistance in ohms. 

Since in both steps of the meosurement, the same micro­
ammeter deflection is obtnined c:nd the n.pplieci frequency 
and impressed radio frequency voltage a.re unchc.need, it 
is obvious that the radio frequency current through the 

·-4-
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circult is the sc:.me :1: bo·.h C&SC::Go 'i:'hcrcfcre, t he 
follorring cc:_ui;.tion e:•.pre :ssc~. the po·::er l os.:, in ' l e r;t,n.n 
dard condenser and inner t"'c re~:::..stor ir.. the s econd step 
of the measurement: 

where Pb = Total por1er loss in '.'lat ts in the st&nd[...1~a 
condenser end inserted rcsisU.nceo 

Now since the circuit formed by the standard condenser 
and inserted. resistnnce in the se,cond step of the mc&sure­
ment is the equivalent of that formed by the two ;_xircllel 
cap1;.cities (including losses) in the first step of the 
met..surement , and since the sc..IDe current flovs through 
the circuit in both cuses, it is obvious th,t the porrcr 
loss is also the so.me in both cases (P = Pb)o Therefore, 
the following relationship is true: 

{3) 

The following equations e: .press the rel ... tionships bet,1een 
capuci ty, frequency, voltage, [ind current in the verious 
parts of capacitative portion of the circuit: 

I= 2¾ f Cl)E 

18= 2:t f CaE 

I,c= 2."t f CxE 

where E = Impressed r1:,dio frec;_uency voltage. 
f ~ Frequency in cycles per secondo 

(4) 

(5) 

(6) 

Substituting i n equ.::.tion (3) the vdues of current shown 
in e~uations (4), (5) and (6), the following equ~tion 
r esults: 

If the common &ssw,,ption be m&de thn t the product of 
series resistance, ungulo.r velocity, «nd the sc:uare of the 
capacity is c• constant, then the por,er loss in a high grude 
condenser is independent of cap:.i.ci ty setting, if the im­
pressed voltage and c.pplicd frec_uency are held const.::.nt. 
It hus been definitely established that the sttmdard con­
denser used ir.. these testn is of such grade. Therefore, 
the terms which are proportiom.J. to the power loss in the 
standard condenser in each step of the mec.surement may be 
assuucd equal , and therefore: 

(8) 
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Substitutinc for the tcrP f2:fCu) 2¾ of equ~~ion (7) 
its equal in equation (8), ~he followint crr,&tion is 
obtained: 

(9) 

The ci:pncity of the test specimen is expressed by the 
following equation: 

(10) 

This equation □.::::.y ::>e rec.rrunged as follo-;rs: 

(ll) 

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

(12) 

From equation (12) the equivalent series radio frequency 
resistc::.nce of the material muy be computed since all 
other ter1as of the equntion are knonn quuntities. The 
capacity of the test specimen may be computed from 
equation (10) as the other terms of this equation are 
k:novm quantities. The power factor of the materfo.l llluy 
be found from the following equation: 

(13) 

The dielectric const[.Ilt of the test specimen is obtained 
f r om the ratio of the cap~city of the test specimen (Cx) 
to the calculla.ted capacity which the applied electrodes 
would hr.ve if the test s_;:>ecimen were removed c.nd the 
electrode spacing unchnnged. The loss f&ctor is by 
definition the product of the dielectric constcnt end 
the po\·ler factor. 

(4) Each sample vms tested first &s received, and eguin 
tested after immersion in distilled vmter at room tem­
perature for 24 hours, in order to determine the effects 
of moisture absorption upon loss factor. After the 
sample vms re□oved from \"It:. ter, it rms dried with r. clean 
cloth before teGting. 

(b) In conducting the high frequency fl~sh- over tests , the placing 
of electrodes in the tent specimen, the electrode termination, 
the power supply, the voltage measuring equipment, the procedure , 
&nd the conditions under which samples were tested, are discussed 
in the following subparagraphso 
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(1) Holes 11ere placed in the ",;,st s9ecimen to ,.&:ii t 
. electrodes &cross which the high fre<;uency poten:.i&l 

vm.s impressedo Pletes 3 shoris the loc&tion, size, 
li!ld spacing of these boles, und the ~CCU!"acy to 
vhich the spacing was kept. A templ&te was uced to 
place these holes in 01·der to insure accuracy and 
uniformity of spacing in the various Sm::I!)l0s., After 
drilling, these holes ,;ere reumed to a clifillleter of 
0.499". Pl&te 4 shows a vien of one of the brc.ss 
electrodes used i~ these tests. These electrodes 
are pressed into the holes in the test specimen &s 
sho't'ffi in Plate 5. The electrodes ,mre k.perec on one 
end to assist in pressin~ then into the specimen . 
Since the bole in the specimens is somc~P..at smaller 
than the diameter of the central portion of the elec­
trode, a close fit is assured. Norr it is possible that 
the side across ,1hich the fl& sh-over will occur is 
dependent upon the direction of insertion of the drill , 
reamer ~nd electrode . To eliminate the uncertcinty 
of these fc..ctors, the drill and reamer ..-ere stt..rted 
from one side of the test specimen which is herec:fter 
denignated aG side B. The opposite side is designated 
as side A. The electrodes were also inserted from 
side B. Pl&te 5 shows the direction of insertion of 
the drill, reruner, and electrode, as v,ell as the 
side designation. 

(2) If the test potential were applied to the electrodes 
as shotm in Plate 5, it is possible that either corona 
or a spark-over would result at the ends of the elec­
trodes before a voltage sufficiently great to cause 
a flash-over across the test specimen could be applied. 
Consequently, these C'Jlindricnl electrodes must be 
terminated in such E. manner as to prevent corona and 
spark-over. A metallic sphere attached to the ends of 
the cylindricul electrodes (as shown in Plate 6) is 
the best type of electrode teroin~tion. The diameter 
of these sphere:.; mus t be so chosen tl:i..at the voltuge 
required to cause a spark-over between them will be 
as great as possible. The laws governing the rel8tion­
ship between ape.cine , radius, and the electric field 
of sphericul electrodes are discussed in reference (h), 
pc.ee 30. Therein lt is sho,m thut the electric field 
between ophericL-1 electrodes is rron- uniform, and thc.t 
the field intensity is groc.toot alone a line between 
the centers at the surface of the spheres. The inten­
sity of the electric field ut the hi ~hest point is 
dependent upon t he applied voltage , the rHtlius of the 
spheres, and the distunco bctv1een t he nec.reGt spherical 
surf&ces. From the dincussion in this textbook it 
may be shorm that if the distcnce between the centers 
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This equation mn.y be r e~rrtmged as follov;s: 

X = 3.8l - 2r (16) 

Substituting in equation (1/4) the value of X sho·;m in 
e~uation (16) the follor:ing equation results: 

g = ____ ..::8;__ ___ _ (17) 
3.81 2r 

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

g = ___ .,J¢==----- (18) 
3.81 2r 

By assuming various values of r, determining¢ from 
the curve shown in Plate 7, and then substituting 
these quantities in equation (18), a curve may be 
dravm showing the relationship bet'lleen g and any 
selected value of r. Such~ curve is sho~-n in Plate 8. 
It is shown by this curve that a sphere radius of 
lo05 Cl:lo (diameter 00828 11 ) results in the lov,est 
value 0£ field intensity at the point of greatest 
field intensity, and consequently, this radius would 
withsU.nd more a?plied volt&ge before a spark-over 
would occur than would any other selected radius. 
The curve shovm in Plate 8 also indicates that the 
optimum sphere radius is not highly critical, us a 
sphere radius of from 0.95 cm. to 1 . 2 co. would be 
nearly as satisfbctory. As a result of this analysis, 
the cylindrical electrodes were terminated by brass 
spheres having a radius of 0.828" as shown in Pl&te 6. 
In order to apply an electric field as uniform as 
possible to each side of the test specimen, spheres 
vrere attached to both ends of the electrodeso Plugs 
were piaced on tv:o of the spheres to facili ta.te 
connection to the applied potential. 

(3) Plate 9 shows a schematic dic::.gram of the equipment 
used in conducting the high frequency flash-over 
tests. Radio frequency power is obtained from a type 
SE 38107, 20 kilowatt power amplifier which is con­
trolled by a type SE 38151, 1 kilowatt, master oscilletor. 
As the output frequencies of the master oscill~tor nnd 
power amplifier e.re both 90 kilocycles, neutralization 
is required to insure stsbility. The output circuit of 
this por,er amplifier is loosely coupled through a short 
transmission line to a multiple tuned radio frequency 
step-up transformer. A guard ring condenser c.nd thermal 
milliammeter are connected to the output terminals of 
the r adio frequency transformer. 'Ihe function of this 
condenser and milliammeter will be fully di~cussed sub­
sequently. The test specimen is connected to the 
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output terminals of t he tru.nsformer, i n :c>ar[.ll el w1th 
the series circuit f or med 1J:; t he g ua r d :-in=-: :".!on.~Pnser 
and t!ieroal instrument o Vari::. tion in t he !'c.dio f r e­
quency voltage upplied t o t he test Gpecimen i s obtr..ined 
by variation of the pov;cr 2:1:?lifier pl& t e vol t agco 
Plate power fo!' this a.11plif ier is furnished by e. rec­
tifier whose output vol tuge is controlled ~J an 
induction regulator. By meens of a sensitive absorp­
tion wavemeter, it was determined that the output of 
the radio frequency transformer was very nearly free 
of harmonics, and con sea~ ucn tly, the v,ave form of the 
potential applied to the test speci:nen ~:as t::.pproJ<i­
mately sinusoidal. 

(4) The value of radio frequency voltage applied to the 
test specirnen v1as measured with a r adio frequency 
voltmeter coraposed of a thernal millic.mmeter [.nd a 
capacitative multiplier. 'i'his multiplier consists of 
the gun.rd ring section of & specie.l ly constructed 
condenser composed of two coaxial brass cylinders. 
Pl& te 10 shows a viev; of this condenser, rd th 
dimensions of parts, and connections to the ins trument 
and other parts of the circuit. The position of this 
gucrd ring condenser in the circuit is shmm by C3 of 
Plate 9. It is obvious th&t the current through the 
guard ring section only pusses thro1.l.4h the i~strument. 
The capacity of' the guard ring section may be calcu­
lated fro□ its dimensions by a formula used for 
calcule.tion of capacity bebieen two concentric cylinders. 
In the calculation of this cap~city, no correction for 
11 ed~e effects11 is required, as no fringing of flux 
occurs et the ends of the guard ring section. From 
the capacity of the guard ring section and the current 
throueh this portion, the voltage &cross this condenser 
may be calculated. A curve is furnished in Plate 11 
showing rel&tionship between radio frequency volt&ge 
across the condenser and current through the gtW.rd 
r ing section. The means of connection of the teGt 
specimen to the guard ring condenser is shown in 
Plate 12. 

(5) In testing a specimen, a potenti&l of 5, 000 volts 
(effective) was applieci to the electrodes for a period 
of five minutes, and then, the voltage r,as incret..sed in 
1,000 volt ste:;>s at the end of each consecutive five­
minute period until fl&sh- over occurred . After flash­
over, the test potential rms removed as quickly E,s 
possible, usually within a fev1 seconds. The voltage 
required to produce flash- over, and its effects u9on the 
test specimep were noted. This test wn.s r epeated until 
the specimen had deteriora ted to such an extent as to 
make additional tests impossible. 
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( 6) It is posz:i. ble th£. t :.~c V';l :,q~e rec:_uire<l to c~-,lse 
£"lash-over will be L.:fcc tea b-.1 fc.ctors JU.cl· , . .., 
atmos?J--.eric humidity, ic.nurities on tile surfuce of 
the test S,:JecLlen, moisture .;ithin the s~ple, etc . 
In order to remove sm-f'&ce in_:mri ties, the :;urf't.ces 
:Jf :..1.1 ;;pecimens ;;ere thorotiehl:r clccnsed ,;i th 
acetone. In order to deter~:.ne the effects of 
huniaity ~nd moisture absor~tion, several preliminury 
tests ,7ere .:iede under s;1eci.r.l condi tionz to conp[.J'e 
the results ~ith those obtained fron saDJles tested 
without s,ecial treatment. These preliminnr'J tests 
ucre !Illi.de on ~even specireens (Products la to lg, 
inclusive) ~hicb r.ere obtained from one sheet of 
:materfol. Products la and lb ~1ere tested li"i thout 
special treatment . Products le to lg, inclusive, 
r eceived special treatment, as .. ill be discussed 
subsequentl7, and after receivini such treatment 
were tested immediately thereafter. The holes for 
electr odes ~-;ere 11laced in each of the specimens 
before they received special trc& tmento Pro,luct le 
was thoroughly dehydrated in a desiccator . Product 
ld was immersed in distilled water at room tcmper~ture 
for O!le ho-u:=-, l.nd Phen removed v,c.s dried with o. clerui 
cloth before tecting. Product le rras i::l:nersed in a 
5% solution of sodium chloride at rooc temperuture 
for one hour , and after removal vm.s ..-mshed in distilled 
water und dried wi th a clean cloth. Product lf vms 
boiled in distilled ~ater for one hour, ~llowed to 
cool and remain in the vater for 24 hours, and then 
removed and dried uith u cloth. P~oduct lg r;as pll-ced 
in a chamber heving controlled temperature and humidity, 
and subjected to a temperature of 50°c and a r elative 
humidity of 75% for a period of 24 hours. By compar­
ison of the r esults obtained from aam✓les receiving 
treatment vri t h those obtuined from speci:11ens tested 
v1ithout special treat:nent, it may be determined ,·,hether 
or not humidity, moisture absorption, etc., are factor ~ 
affecting the flash-over tests. Thi s comp~rison wil l 
also indicate whether or not the saraples submitted for 
approval should be tested under controlled conditions. 
All other specimeno wer e teDted ~·Ji thout special treat­
ment. 

8. The observed dat& uro recorded in Tables 3 to 10, inclusive , 
and tho -following discusoion is furniohed to assist in the.interpretation 
of these data: 

(a.) Loss feet.or test dota aro ahown in Tc..ble J . Power 
factors end loss factor s are expressed in decimD.l 
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(b) Errors in mcusurc~ent of a9Jlied voltage in the high 
frequency fla::;h-over test result from inuccurac::.es of 
the therilltl i:istrument, and from error in detcrmin~tion 
of capacity of the guard rine section of the condenser. 
This instrument v;as CG.refully checked [,_t a frequency 
of 60 cycles Tii th a precise ther:nal instru.rnent (i'ieston 
Model 412), and the r esults i:idicl<ted that the thermal 
milli cmmeter used in voltage measurecents ,:as in first 
class condition. As the scale of a thermal instrument 
is non-uni:orm, the accuracy to Tihich it ~ay be read 
depends upon its deflection. By comparison \Yith the 
precision instrument,, it nas determined that rec.dings 
accurate to uithin 3% could be obtained et and above 
deflections corresponding to 10,000 volts. No appreci­
able frequency error occurs i n the instrument used in 
the voltage measurement, as the manufacturer sta.ten 
in a letter, reference (i), that this type of instru­
ment requires no frequency correction at any frequency 
belov; 5 ,000 kilocycles. Since the accuracy of the 
computation of the capacity of the guard ring section 
of the condenser de,ends only upon correctness of 
measurement of certain dimensions, it is prob&ble that 
the calculated value of this capacity is accurate 
to within 1%. As the frequency impressed on the con­
denser is relutively low, no chanee in characteristics 
of the condenser with change in .:'req_uency :nay be 
expected. It is estimated thct fl&sh- over voltage 
measurements are accura. te to vii thin 5% for applied 
voltages of 10,000 volts or greater. As paragraph 
5(d)(3) of the specifications, reference (b), requires 
that the material vdthstand a volt&ge of not less 
than 12,000 before flash-over , ttis de.;ree of accuracy 
is sufficient. 

RESULTS OF tlfST 

10. The results of tests conducted are discussed in the following 
subparagraph::;: 

(a) The results of tests to determine dielectric constants, 
pov;er f5.ctors, and loss factors indicate that moisture 
absorption has a slight effect on dielectric properties, 
although in many of the products, the resulting changes 
are ;•Ii thin experimental error . It mr:.y be noted that 
all tents were not conducted at the s&rne frequency, and 
the question nnturally arises as to whether or not the 
test frequencies must be considered in comparing the 
test data of two materials tested at different frequen­
cies. Tests have been conducted by this Laboratory 
on one material at various frequencies between 200 and 
800 kilocycles, and no frequency change in dielectric 
properties was found which could not be attri buted to 
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experinenta.l erroro lt muy be no ted tbc.t aJ_l :r.r..:.er ~£;.ls 
tested, nith the exceptlon of P!'oduct 4, have much 
smc..ller loss fuc tors than the xweinw:i &llowed by :1a!'a­
v-aph 5(d)(2) of the specifications, reference (b) , 
~hich states tru::.t los3 f~cta rs stu:..ll not exceed 0.24~ 
Product 4 has a loss .factor much greater than tm:.t 
clloued, and even if t!li.s product r;&s 5 .;.ven the benefit 
of experimenu:.l error (as discussed in p;u-a$re_!>h 9(a) 
of this report), it rmuld not then conform to specifica­
tions regardin5 loss factor. 

(b) The most imporU.nt part of the dnt~ shorm in Tables 4 
to 9, inclusive, ~re the values of high frequency flash­
over voltage, as their v-a.lues are required in order to 
determine compliance r.ith specific~tions. The other 
data 6.re furnished merely as a description of other 
effects of these tests. These tables show inforl:Ui.tion 
regarding period of time required for flash-over to 
result after the applied voltage had been i~creased to 
the value ~hich ultimately resulted in flash-over 
(not the total time the specimen rms under test), the 
side &cross which the flash-over occurred, the effects 
of the electric field on the material as indicated by 
blistering and carbonization, and other observed data. 
Plate 13 is furnished to illu.str~te the v~rious sizes 
of blisters listed in T~ble3 4 to 9, inclusive. The 
degree of carbonization resulting is expressed in rela­
tive terms. It may be noted thlit the size of blisters 
and degree of carbonization usually increase with the 
number of tests. Flash-over usually resulted on the 
side which hod previously blistered, and never occurred 
on both sides simultaneously. During all tests the 
temperature of the portion of the test specimen between 
the electrodes increa~ed as the applied voltage was 
increttsed. This tempera turc rise vm::; er.used lr/ rudio 
fre~uency losses in the test specimen. Al~o the tempera­
ture of the high potential electrode increased with 
increase in applied voltage, olthoueh that of the lm1 
potential one did not change perceptibly. The ,olt&ge 
required for flash-over in tho firot two testa is ne&rly 
the same, ~lthou6h thL.t requ:red in suboequent tcots is 
usUE.1.lly les6. Eventunlly the result of successive tests 
produces £;. C(!rbonized path bet·:1eon the electrodes, and 
then flash-over will result immediately upon upplic&tion 
of voltage. In tho tent of a few of tho opecimons, tho 
second flash-over occurred on the aide oppooite that of 
the first flnsh-over. It may be noted that, in u f evr 
inst,mce;;, ti. grec ter vol tago was requirecl to produce the 
oocond f lnsb-ovcr than thut requi~ed in tho first teot. 
'Ihe direction of insertion of the drill, r e~mer, und 
electrode may have some effect upon the ~ide of flonh­
over, ua the rosulta of 77 .rJ,aph-ovors shov1 thet <9% 
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occurred on Side A and. 71% on :>ide B., Refe1T~1:E. to _:_x ... r&­
graph 7(b) (6) of this report, certain of the speciinens 
(Pr•)ducts le to lg, inclu.sive) were tested c..fter s;iecial 
treu t:nen t in order to cor:ipare their resul t::i rii th those 
of other speci□ens (Products la und lb) testeo. without 
special treatment, t:..nd. to thereby 6.etermine if r:ioi:-.;ture 
content or hurti.dity were factors ~ffecting the results of 
the fl~sh-over tests. From the results, it is obvious 
that no marked difference in renults is obt::.i!"led from these 
.rac.terials v,ith the exception of Product le, und this speci­
men 1ws boiled and soaked in r,ater before testinz. There­
fore, humidity or ordi:iar.r moisture r.bsorption E:re not 
factors affecting these tests . Consequen"!:.ly, no discrep­
ancy will occur in the tests of r:iuterials submitted for 
type approva.l (products 2 to ?, inclusive) because of 
difference in hurJidity at ti□e of test, or bec~use of a 
slightly different moisture content. In order for 
moisture content to appreciably c.ffect these tests, its 
degree must be quite high, probably near saturation. A 
slieht degree of moisture content produces no appreciable 
effect, probably becliuse the teml)er&ture of the specimen 
before flash-over increases to a vDlue sufficiently to 
ctr_;_ve out wost of the moistureo The vtlues of flt:.sh-over 
voltage shovm in Tables 4 to 9 , inclusive, are repe&ted in 
T[._ble 10, in oraer to more ea.sily compr.:re tile re;;ul ts of the 
successive tests . Paragrs._:Jh 6(f) (3) of the specific..;.tions, 
reference (b), requires that each specimen be tested ten 
times, and that the average of these fl&sh-over volt~ges 
be considered the dielectric streneth of the materiuL 
Hov1ever, the results of the tests on the _phenolic muteriuls 
indicated no material vmuld v;i thstr..,nd more than six tests 
be.fore flash-over imr.-1ediately upon &I)!)lict..tion of 5,000 
voltsa It is probable that no phenolic materi&l nould 
comply vd th this part of the specificutions, becuuse, as 
the number of tests progressed, the dec:;ree of c.:..i·boni z&-
t ion would increo.se until a short-circui t~d pa th be t¥1ecn 
electrodes reGulted before that number of tests could be 
conducted. Consequently, it a.pr,ears that the numocr of 
rec:uired tests must be reduced in order to allow any 
phenolic material to comply. From the data in Table 10, it 
is shown that one test is probDhly sufficient, as no 
importelnt inform1:.tion is disclosed in subsequent tents. 
If the specifications required o voltage as gre.s.t us 12,000 
for flash-over in the first test, only 1+0% of the total 
products tested and only 17% of the products tested for 
type ap_::)roval nould comply. If the flash-over ·,rol te.ge 
!'e(1uirement was reduced to 10 ,ooo vol ts , then 60% of the 
total m.1Jnber of products tested and 33% of the products 
tested for type approval would conform. Since phenolic 
insulutors are now used much less frequently in high power 
circuits than previously, a r eduction in the flc..sh-over 
volt,age requirement could prolx:bly be effect~d without 
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,ercentage of ma teri&ls included in the sci-;ier ;..l cll..ssif i~:.; :lo:1. ....t vu-ious 
loss factor tolerances is sbo7lll in this w.ble .. 'Ihe ini'or~t.ion vLo,;n in 
Table 13 is bt.sed on the tests of 17 products. It r:u:y be noted that li.S 

loss fuctor tolerance is reduced, the number of s&tisfactory nctcritls 
decreases rapicily. If existing sl_)ecificz:..tion::. .:::.re m:idificd in ::mch a 
nanner &s to reduce loss factor tolerance considerably, the ntlllber of 
satisfactory products obt&inable is correspondi~5l y r educed, and cmapeti­
tion is li.ke,lise decre:.=.sed, c.nd the incresseci cost of insulating mcterfa.l 
Tiould offset any sli?ht benefits oou:i.ined. If the loss f actor toler&nce 
t1ere reduced to 0 . 20 , instead of' 0 .. 24 ,;;hich is the _?resent rec:uirer:1ent, 
approx.illlately one-half of the tested materi&ls aould be satisfactory, 
anrl this vclue of loss factor tolerance appears ~easonable .. 

l.4o The loss factor test data of non-phenolic types of or ganic 
insult;_ ticn sho,m in Table 12 are furnished for inforraa tion to serve a s a 
basis for loss factor tolerance in a reco:cinended additional Navy type of 
insulation .. If the purchase of any of the materials sho-..m on Table 12 
m~re necessary, no specifications are in effect at the present time for 
obtaining such materials, and as .m:ny Naval applications require materials 
of this type, it v10uld be highly desirable to issue a suitable specifica­
tion .. The mechanical properties of these m&tcrials are sorae»hat inferior 
to phenolic insulators, and conseQuently, in any neTT specific~tions, such 
factors must be cons idered .. It seens that~ loss factor tolerance of 
0 .. 07 would appear reasonable for any ne~·; grude, &nd that a high frequency 
po~·;er test similar to the.t described in reference (j) ;-muld be desirable. 
Honever, it rrould be necess.;.ry to conduct sorae actual po~.rer tests to 
obtain information to serve as~ basis in specifying requirements in this 
respecto The po~,er effects upon these types of m:::.terials could be very 
easily conducted in c~nnection with the test of cerD~ic insul&tors, 
Bureau of Engineering Problem Ml-4, as sir:J.ikr equipment and procedure 
rmuld be utilized .. 

150 The high frequency po11er test, described in the preceaing 
paragraph in connection with c;ualification tests for the suggested new 
type of m~teriuls , may also be useful in testing phenolic materials, with 
th~ object of supersedin6 the 90 kilocycle fl&sh-over test TTith a poner 
test E..t a higher frequency. Although phenolic mc.terials are now used 
less frequently as insulators than previously, such a test rroulci possibly 
i ndicate defects which would not be sho-;m ~y tests at 90 kilocycles. 
Such tests could also be conveniently conducted in connection v;i th the 
ceramic insulation investigationo 

_gp~CLUSIONS 

160 Products 2 and 7 are considered suitable for use in the Naval 
Service in so for as radio frec_nency characteristics are involved, al­
thoneh they do not conform to existing fl&sh-over test requlrements. 
Products 3, 4, 5 and 6 are not con:::;idercd satisfactory for u:::;e in the 
Ncval Service. 
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17 o :tecen t irtprover.ien ~,f; in cor:v:~,:.. · ' i::.1 m::,nuf&c t·1t·c ,11 · )~r •• po:: ::;i tile 
a reduction in the maxirnUl!l ~llo:·mt1le loss factor. 

180 J,s no knmm phenolic matf'rial confor::is to e):istin:.r flush-over 
test requirements, the fl:.~,h-0·:r>r ·:c1 tare re<:_ni.reinents shnuJd be reduced 
t o a r e~~-;•:mnhle vvlnl?. fht.i 'r.1,1P. f1~::1'-over t€H,t !"erui!"ements h,,ve been 
stated in Recor:imendations (b) and (c) . · 

• 
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Table 1 

Key to Syn bols 

Materials Tested for this Report 

NRL 
Symbol 

Product 

flanufacturer 

1 Spaulciing Fibre Co. 

~ Uica Insulator Co. 

3 General Electric Co. 

4 General Electric Co. 

5 Taylor and Company 

6 Taylor and Company 

7 Richard.son Company 

8 Syn thane Corp In 

9 Synthane Corp'n 

l~ lJica Insulator Co. 

Manufacturerls 
Trade Ne.me Grade or Type 

Spauldite 

Lacicoid 

Textolite 

Insurok 

Synthane 

Synthane 

Mi canite 

6o22 

2008 

1841A 

X 

xx 

xx 

A 

6022 

11 Dielectri c Products Co. Victron E 

12 

1.3 

Arlerican Hard Rubber 
Co~pany 

Dielectric Products 
Co.C1pany 

Hard Rubber 

Victron AA 

Mat.Lab. 
N.Y.Navy Yard 

Test No. 

2820 

2901 

2919 

2919 

2958 

* These products are probably the same, although they have 
different trade na,:ies. The iJOllufacturer and manufacturer's 
grade are identical. 



Table 2 

Key to Symbols 

l.iaterials tested during past few years. 

NRL Manufacturer's 
Symbol Manufacturer Trade Name Grade or fype Date of Test 

Pr oduct 
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. Spauld.ite 4-24-31 

18 Spaulding Fibre Co. Fibre 4-24-31 

19 Synthane Corp'n Synthane A 4- 25-31 

20 Mica Insula tor Co . llicanite 6022 5-1-31 

21 Spaulaing Fibre Co. Fibre 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 AILericun Hard Hard rubber 1113 1-26- 31 
Rubber Company 

27 Dielectri c Products Co . Victron E 8-16-32 

28 Mo.nhattan Rubber Parock 10-11-32 
Manufe.cturing Co. 

29 Dielectric Products Co . Victron A 1-10-34 

30 Dielectric Products Co. Victron M 2-13- 34 

31 Ar.ierican Hard Rubber Co.Hard rubber 1119 10-26-34 

32 Carbide and Carbon Vinylite 7-16-34 
Chemical Corp' n 



Table 3 

Loss Factor Test Data 

Loss Factor Dielectric Constant Power Factor Test 
Ha t,eriel. Jkz Wet Qa. ~ Qa Wet Freguency K~ 

Product 
2a 0.12 0.129 4.46 4.26 0.0268 0.0,302 450 

2b 0.109 0.110 4.2.3 4.12 0.0258 0.0266 460 

3a 0.133 0.159 4.98 5.10 0. 0266 0.0311 .,. 485 

Jb 0.124 0.144 4.94 5.00 0.02~1 0.0288 

' 
485 

4a 1.59 * 8.9 * 0.179 * 560 

4b 1.71 * 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 5.35 0.0271 0.0289 475 

7a 0.165 0.189 5.36 5.54 0.0,307 0.0.342 475 

7b 0.155 0.170 5 • .36 5.45 0.0288 o_.0313 475 

Power factors and loss factors are expressed in decimal fractions and not in percent. 

* 'l'he ndryn test indicated that this material was so inferior that no "wet" test wo.s conducted. 



.Fl~sbover Time in 
~iaterial Voltage Minutes 
Product 

la 13,000 4-1/2 

lb 

le* 

ld* 

le* 

li* 

lg* 

2a 

2b 

13,000 

14,000 

12,000 

13,000 

8,000 

13,000 

11,000 

11,000 

.3-1/2 

.3 

1-1/2 

2-1/2 

1/2 

.3 

4-1/2 

4 

Table 4 
High Frequency Flashover Tes t Data 

FirGt Test 

Side of 
fl.o.sbover 

B 

B 

A 

B 

A 

A 

B 

B 

B 

Blister 
§ill 

medium 

small 

small 

small 

small 

large 

small 

medium 

medium 

Degree of 
Q.ar l>on.t za ti on R_e~rk? 

slight Blister formed 1/2 minute before flashover. 

slight 

slight 

slight 

none 

none 

slight 

none 

slight 

Blister formed 1/2 minute befort:i fie.shover. 

Blister formed l minute before fle.shove1·. 
Yellow gas expelled as if under pressure 
from portion of test specimen near low 
potential electrode 1/2 minute before 
flashover. 

Blister formed 1/2 minute before nashover. 

Blister formed 1-1/2 minutes befo1·e fl;,.sh-
over. 

Blister formed 1/4 minute before flushovcr. 

Blister formed 1/2 minute before flushovcr. 

Blisters formed on both sides A ond B, 1 
and 1-1/2 minutes respectively, before 
nashover. Flaohover occurred on sido B 
only. 

Blisters formed on both sides A and B, 
land 1-1/2 minutes respectively, before 
fla.shover. Flo.shover occurred on sJdo 
B only. A liquid having a phenolic odor 
was expelled from specimen noar high 
potent1al electrode on side B shortly 
bofore flashover. 



Table 4 continued 

Flash-over Time in Side of Blister 
Material Voltage Minutes Fl~sh-ove~ ~ize 
Product 

3a 8,000 4-1/2 B small 

Jb 

/+a 

4b 

5a 

5b 

6a 

6b 

7a 

7b 

Sa 

8,000 

5,000 

. 5,000 

8,000 

8,000 

9,000 

9,000 

13,000 

12,000 

14,000 

4-1/2 

3 

.3 

4-1/2 

4 

3 

1-1/2 

1-1/2 

2-1/2. 

2 

B 

A 

B 

B 

B 

B 

A 

small 

medium 

small 

medium 

small 

small 

small 

none 

small 

B very small 

Degree of 
Carbonization ~marks 

largo Blister formed on Side A, 1-1/2 minutes before flash-

large 

large 

moderate 

large 

large 

slight 

slight 

large 

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
ove1·; however, the flash-over occurred on opposite 
side. No sign of a blister on Side B, 

Blister formed on both sides simultoneously 1 minut e 
before flash-over. An internal breakdown occurred 
near Side B. 

Blister formed on Side A 1-1/2 minutes before flush­
over. A liquid having a phenolic odor was expelled 
from the test specimen neor low potentiul electrode 
on Side A shortly before flash-over. 1m interml 
breakdown occurred near Side A. 

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

Blister formed l/2 minute before flash-over. 

Blister formed l/2 minute before flash-over. 

Blister formed 1/2 minute before flash-over .. 

No blister formed. 

Blister formed 1/2 minute before flash-over. 

Blister formed 1/4 minute before fla.sh-over o 

' '! 



Table 4 continued 

Flash-over Time in Side of Blister Dcgroe of 
Material_ Volj:.age f.Unutcs Flr.sh-ovcr Size Co.r"Qo_11.l~ntio_t1 
Product 

8b 13,000 3-1/4 B very small large 

9a 9,000 1 A large moderate 

9b 9,000 l A lo.rge large 

10 19,000 1 B small large 

11 

Bfil!\O,F k 13 

Blister f or:ned 1/ 4 mlnutc bof ore f'lr ah-ovor. 

Dlistcr formed 1/2 m.lnutc beforo !'1.1.i.sh-ov(1r. 

Dl:i.ster fori110d 1/2 minnto before flrrnh-ov1;r. 

B11oter formed 1/2 rn.!nute before flash-over. 

Deformation of the matori3l occurred in the 
portion of the npecimC'n bct,-;;cnn thP el ectr odes 
when the o.p:plicd vol tecc ·,;u: focroi· :,rJd to 
13,000. The degree of dAformation inc.·re:wed 
ni th increase in vol taee ~ !lo f1oF;h-ovcr ,ms 
produced when the cpplled vol tfur;c wr::: in­
creased to 25 ,ooo. No &.dell tionr.l tcr.tc VIC'"'!) 

conducted on this produd,~ 

12 - - - - - r,hen the opr,ilied voltago mm increoi:;rd to 
?S,000,ncithor f'1&8h-0vm· nor ind:l.ct:1.tion::; of 
detcrior::1tion resulted. The tcmpcratur, oi' 
the portion of th~ r.r•~ciinen bet·,;ecn the Plec­
trodcs i~crenocd sl\~1tly. No Lrld1+1onul tPntn 
v1et·e conducted on this procJuet. 

13 - - - - - \'"ihc-n the t:.!)pl led vol tvgc ·,ms inc-reo.Geci to 
25,000, neither flr1sh-over nor indiccd.ions of 
dcteriorc.ti~n resultedo Uo incrc1rne i.n te1nr,,~,.:.­
ture of the portlon of th~ Gpeci:nen bct-:·1een t.1112 
electrodes \'11:lS observed. No udo.i tiomil to::;t:, 
were cono.ueted on this product. 

* Specimens so mar ked tested &fter specid trentr:1ento See parc.gr;;;ph 7(b) (6). 



Table 5 
High Frequency Flash-over Test Dat a 

Second Test 

Flash-over Time in Sf.de ot Blister Degree of 
Material Voltage M.lfil!te§ Fl §.§.l!-:.9v.e,_r Si z~ .Qar bonization He1::inrk_s 
Product 

ln 13,000 2 B 

lb 12,000 3 A 

l& 12,000 1-1/2 A 

Jd* 13,000 2-1/;: B 

le* 11~,000 " ,;,.., 
)-.L ~ B 

medium modernte 

rneditun moderate 

medium slight 

medium modernte 

small none 

Blister e:>~plodec1 and expelled with consicleroble 
for ce it piece of ignited mnterinl shorUy before 
flash- over, a l though the specimen did not, become 
ign.t ted. 

Blister formed on Side Ji. 1/Z minute befo1•r1 f1E1sh­
over. Flash-over occ11rred on aide oppos:l tfJ that 
in first t.est . Yellow [.;O.f\ e:xp13lled on both side:, 
of teflt specimen ncE..r high potentit.l electrode 
shortly before flash-over. A lic:,uid hnvine n 
phenolic. ~01· a.pper.red on the specimen surface 
nrotmc'l tho high pot(int1f.l (3lectrooe about one 
minute before flush-ovor. 

A red glow ulong a nurrov, cur bonized po. th ..? pp!)ct•ed 
o.bout one minute beforo fltrnh-over, and tho intcn­
si ty of this glov: incronsed unUl flc.nh-ovor 
occurred. 

A small b)jste.r f0rned on Sida A ubout. 1/;: mirrnt.~ 
before the fletsh-over occur••ecl on the op'?oni tc 

• < Sl.C,e o /,n odorlN:8 lion:c.1 (:.:irobv.bly •:,nt.er) vmo e -
pellod from the tipociL1cn ru•mmcl tho Jo\': •)0 ten t ·i r 1 
elect.rode .. hortly cefor e fll sh-over. 

Blistt~r formed on &ide l3 about 1/ie: minuto before 
flash-over. F'losh-over occurred ou ~ide oppo:;i te 
that in firct test. 



Table 5 contin1wd 

Flash-over Ti me i n Si de of Blister Degree of 
!,lateriol Vol taeo iJi.nule::.- Flesh-over Si zc Ci:..rboniz&tion 
Product 

l f-lc 9,000 3 B l arge none 

1e-i~ 12,000 2-1/2 B medium modernte 

2a 1;:, 000 3- 1/2 B la.rgc l arge 

2b 13, 000 2 13 large l urge 

3a 5, 000 0 B medium large 

3b 5,000 0 B mcdiu:11 lr..rge 

4o. 5,000 2- 1/2 mediur:i 

4b 5,000 1 medium 

·, 

Remc.rks 

Blister formed on Si de B ah,;n1t 1/ 4 L1inute bei'ore 
flc..sh-over. Flash-over occurred on r.ide opponjtc 
the t in firr.t test. A liqtU.d hc.vinf r. :_1henolic oc],"I!' 
vins e>..-pelled &round the hi.eh :)otenti:-~1 electrode 
shortly hcfore fl&sh-over. 

A yellow gas expelled f:::-om specir.1en, nenr high 
potontiLl clectroC:.e on Side B durin;. 1-1/;, mim:te 
period before flnsh-over. 

h yellor; gas v:&Ll e:>.polled from the l)ortion of the 
specimen o.round the high potentil.l electrode. f. 
liquid having a phenoli c odor v,t.s e:rpellcd on 
Side B near the high potentie.l elect.rode. 

Arcing a l ong & curbodzed path occurred shortly 
before end persisted until flash-over. 

Fl&sh- ove1· occurred instunt&neousl y with application 
of voltrrgc. No c...ddi tionr.l test;, contlnctecl on this 
product . 

Fl&sh-ovcr occurred in,"tt1n tnneously with t.pplicG tion 
of vol tt;ge . No c:ddi tionol tests conducted on t: ._s 
pr oduct. 

Blister sir.es increo.soc.i . Intcrncl brenk(jown R(;"-ln 
occurrocl neur Lide B. 

Blister size increu::;ed on Side J:... Interncl hreak­
dorm occurred ne:.:r &ide A. l,n oclorle~;{ liqnld 
nppoured on the ::pccimen nctir lo,; ,oten::.i l elec­
trode r,hortly before hren.kdo\·m. 



Table 5 continued 

• ~1'l.a•h-over Tille 1n Si'dll alt , _Bliotor 
Alat erlal Volt&f£_ .ill,_nute& Flc,sh-ovm· Si:-~e 
Product 

5a 

5b 

6a 

6b 

7a 

7b 

8a 

8b 

9a 

9,000 2 

5,000 0 

7,000 1 

8,000 4-1/2 

11,000 1/2 

13,000 1 

13,000 4-1/2 

9,000 1 

7,000 J 

A 

B 

B 

B 

B 

A 

B 

B 

B 

large 

Sl!lall 

modiwn 

medium 

none 

large 

medium 

medium 

mediur.i. 

Dogreo of 
~lJ.J•bon i ~;o.Ji q_n 

lnrgo 

modernto 

largo 

large 

modorato 

moderate 

large 

lni~ge 

moderate 

Re1nn.r.!£!1 

None. 

Flc..Rh- over occurr od instnntaneously ;ii th r.p.:-,li­
cution of voltage. No additional teDtLJ con­
ducted on this m&teri ~l. 

None. 

Arcing nlone; co.rbonizod po.th betv1e0n olec1.rode3 
ocmu·rc1d ohortly beforo and :,ei·oistod until 
flr ~1h- ovor. Spocl.,aen mrn iinj ted by fl(:.;_oh-ow,r 
o.nd flomo Wu5 extinguished shortly thercuf'ter. 

Arcing nlong co.rhonizP-d po.th betv,ocm elec f rode~ 
occurred npproximEitely 5 minutes before and 
peraitited until fls.sh-over. 

None. 

Arcing ulong corbonizec.l path between clectt•odes 
occurz•ed npprmdrna tely 5 m1nutcs before o.n<l per­
si::-,t.oo. until f laah- ovcr. \'ihon flesh-over occur­
red, blinter exploded and expelled e. Sf!lc.ll piece 
of te~t specimen. 

Arcing alone carbonized path botwoan elActrode~, 
occur1•od c.pproximo. tely 5 minuteo befo1·e end 
porui$tod until flauh-ovor . 

In tonne o.rci ng occurl•ed on surf'l:ca on 5ide D 
neu1· high po t entit.l electrode durlng the 1/2 
minuto period beforo flneh-over . 



Flash-over Time 1n Side of 
Material Voltag~ 
Product 

9b 5,000 

10 13, 000 

Minutes Fl~sh-over 

0 A 

3 B 

Table 5 continued 

Blister 
Size 

lar ge 

small 

Deeree of 
~onizati,_oJJ 

large 

large 

R_elll_a.r~ks 

Flnsh-over occurred immodictely on ~pplicction of 
voltageo No additional tests c0nducted on this 
product .. 

Intermittent arcing ulong wide cLrbonized pc1th 
occurred during 10 minute period before flt.sh­
over. 

* Specimens so marked tested after specii;l treatment. See parr.gr&ph 7(b) (6). 



Table 6 
High Frequency Flc..sh-over Test Datn 

Third Test 

F.l.eebroftm~Ti~eSille Sidll $! ., Blister Degree of 
C&rbonization Materjal Voltage 

Product 
l a 7,000 

lb 

le* 

ld* 

le* 

lf-1(-

1~ 

2a 

2b 

15,000 

5,000 

5,000 

14.000 

12,000 

13,000 

11,000 

7,000 

Minu,te_s Flus_h.:-o_v_e_r Size 

J 

1/2 

0 

0 

J 

1-1/2 

2 

1/2 

4-1/2 

B 

B 

A 

B 

A 

A 

B 

B 

B 

medium 

mediUIJ 

medium 

medit1r.1 

medium 

l arge 

medium 

large 

large 

large 

moderate 

moderate 

l arge 

slight 

none 

large 

intense 

intense 

Remarks 

During 10-minute :)eriod before flash-over, a rcing 
occurred on Side B, the intensity of which in­
crecsed until flesh-over. 

None. 

Flash-over occurred immcdin toly on applicl: t i on of 
voltage. No addi tionul testfi conducted on this 
product. 

Fln:.h-over occurred immedfo_ tely on upplica tion of 
voltage. No ndcli tional tests conducted on this 
product. 

None. 

None. 

During 10-minute period before flash-over, a rcing 
occurred on Side B, the intensity of v1hich in­
creased until flush-over. 

Blister exploded on Side B by fl<'-sh- ovoro ll 
lic,uid ho.vine & phenoljc odor apper.red on 
specimen near high potential eloctrode. 

Arcine along wide carbonized 11ath occurred dur ing 
tv10-minute period before flush-over. 



Table 6 continued 

Fl Ls,iJlaeh--itae Time: tn ~de of . Blister 
Ma~erinl Voltage Min_y.tes .flnJ>.h:-.QYQF Si~ 
Product 

Degree of 
Car bop.i za tj.on 

4a 5,000 1-1/2 - mediun 

4b 

5a 

6a 

6b 

7a 

7b 

8a 

Sb 

9a 

5,000 

5,000 

l 

0 

5,QOQ .. rkc:Q 

5,000 

5,000 

13,000 

7,000 

5, 000 

9 , 000 

0 

0 

3 

l 

0 

4 

A 

B 

B 

B 

B 

B 

B 

B 

medirn:i 

l arge l arge 

' medi• large 

medium large 

none l o.rge 

snwll moderate 

medium large 

mediu:., large 

l ar go l arge 

Remn.tJcJ! 

Internal brcrnkdot'm agnin occurred near Si de B. 

Internnl brenkdovm aguin occurred neur Side A. 

Fl ush-over occurred immedintcly on u;iplication 
of voltage. No additional tests conducted on 
this product. 

Fla~lrt>Ter oqcf~i:ed immedia.tely on applicr.tion 
of volttige. Blister exploded by fl11:Jh- over. 
No atldition&l t euts conducted on t his pr oduct. 

Flash-over occurred immedic. tely on s.pplicution 
of voltuge. Blister exploded by flush-over. 
No o.dtlitioncl tests conducted on this product. 

Flttsh- ovcr occured im111odin toly on s.p,::,lication 
of volt.age. Uo uddit.ionnl tests conducted 
on this product. 

None. 

Arcing t;,lont: wide carbonized path durlng 
five-minute period bef ore fl~sh-over. 

Flc,Bh-over occur red immediately on uppl icc tion 
of voltuge. No ad<li tion&l tes tE; were con­
ducted on this product. 

Arcing alone v;ide carbonized pc. th durt ng sevon­
minute pet'iod bef ore flta.sh-over. Blister ex­
ploded by flaah-over. 



Flush-over Time in 
Materit.t.l Voltage Minut.es 
Product 

la 5,000 0 

lb 15,000 1/2 

le* 14,000 2-1/2 

lf-11- 9,000 1 

1~ 5, 000 0 

2a 5,000 0 

2b 5,000 0 

4a 5,000 0 

4b 5,000 0 

Tuble 7 
High Frec;ucncy r'lash-over Test Datu 

Fouz-th Test 

Side of Blister Deeree of 
Fl ssh- oy.M:_ __ ...§i ze C&r b.QlliZA\_ipp 

B medium large 

B l ar ge l arge 

A large large 

A large slight 

B medium large 

B large intenoo 

B l ar ge intense 

- medium -

medium 

Il.~.rn.a..r_k§. 

naah-over occur1•ed immedlately on upplic1J.tion 
or voltage . No additional tests conducted on 
this product. 

Arcing along nnri·ow curbonizecl path during nine-
minute period before flooh-over. 

None. 

Blister exploded by f l osb- over. 

Flash-over occurred immcdiutely on t:,r,plici,tion 
of voltage . No additional test::; conduct.eel on 
thia product. 

Flc..sh-over occurred iminediuto1y on c,pplicr. tion 
of voltt,.ge . No additional tent::; conducted on 
this product . 

Flash-over occurred i mmediately on ap!)licr. tion 
of voltEa.ge. No &ddltionnl teats conducted on 
this product. 

BreE<kdovm occurred inunedia toly on ctppliCL,. tion 
of volt.age. No addi tionnl te ~-; ts con<luctocl on 
this product. 

Breukdovm occurred i mnedio tely on opplicc; tion 
of voltage . No adclition&l tcr,to conducted on 
thiD pr oduct. 



Fl&sh-over Time in Side of 
Material Voltage hlinutes Flash-over 
Product 

7b 12,000 2 B 

8a 5,000 0 B 

9a 5,000 0 B 

Table 7 continued 

Blister Degree of 
_Sizo Cnrbonizn1ion 

small large 

medium lnrge 

large large 

R~marks 

None. 

Flash-over occurred immedintely on upplicc..tion 
of voltcge. No additional tests conducted 
on this product. 

Flash-over occurred inunedill tely on e.pplica tion 
of voltage . No additional tor.tn conducted 
on this product. 

* Specimens so murked tested after special treatment. See pa.ragruph 7(b)(6). 



Flnsh- over 
r.!a terj.a l,_ Vol tag_c 
Product 

lh 5,000 

le* 9 , 000 

lf➔i- 5,000 

7b 5, 000 

le* 5, 000 

Time in 
Minutes 

0 

1/2 

0 

0 

0 

Teble 8 
High Fre~u.er:cy Flt.1Sh- ovci• Test Dato. 

Side of 
FJ...Jl :=ih-.Q.W: 

D 

A 

A 

B 

Fifth Toot 

Blinter 
Size 

l ar ge 

l a r ge 

lurr;o 

smull 

Deeree of 
Cer boni_zo. t,;l,.Qn 

l ar 1:;e 

l ar go 

moder&tc 

l or ie 

Table 9 

Remq}:.§. 

Flash-over occurred immcdi otely on npplico.tion 
of voltHge. No udtliti ono.l tests conducted 
on this product. 

Arcing occurred in portiono of ci:,rbonized path 
near low potcntif1l electrode during 
five-minute pel'iod befo~•e flr,.sh-over . 

Flash-over occurred i ffilnedi& tely on t,p:)llco. tion 
of voltugo . No additionul tcsto conducted on 
t his product. 

Flc.sh-ovcr occurred i1mnedici tel y on c.pplic:::.tion 
of voltCLeo . No nddi tiom~l te~tn conducted on 
t his p1•od uc t • 

High Free;.uency Flr .. sll-over Test De. tti 
Si:xth Test 

A large large Fl t:.sh-over occtu·red i mmedit.. tely on cpplict., tion 
of voltage. No nddi tionul te;;ti:; contlucted on 
this product. 

* Specimens so marked t otlted aft er npocit.l trent:r.ent . Soo porr,gNtph 7(b) (6). 



Table 10 
flashovcr Test Db.ta 

fl.ashover Voltage in Successive Tests 

Uate!'iul 1st Test 2nd Test Jrd Test 4th Test 2th Test 6th Test 
Product Voltage Voltage Voltage Voltage Voltage Voltc.ge 

la 13,000 13,000 7,000 5,000 ~ 

lb 13,000 12,000 15,000 15,000 5,000 ¼3f-

1; 14,000 12,000 5,000 if-ii-

ld* l.2,000 13,000 5,000 ff 

le* 13,000 14,COO 14,000 14,000 9,000 5,000~ 
lf* 8,000 9,000 12,000 9,000 5,000 ff 

1~ 13,000 12,000 13,000 5,000 iHf, 

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

2b ll,000 13,000 7,000 S,000 ~ 

3a 8,000 5,000 ~ 

Jb 8,000 5,000 iHI-

4a 5,000 5,000 5,000 5,000 ~ 

4b 5,000 5,000 5,000 5,000 *if 

5a 8,000 9,000 5,000 ff 

5b 8,000 5,000 ~ 

6a 9,000 7,000 5,000 ~ 

6b 9,000 8,000 5,000 -ff 

7a 13,000 ll,000 5,000 ~ 

7b 12,000 13,000 13,000 12,000 5,000 ff 

8a 14,000 13,000 7,000 5,000 ~ 

8b 13,000 9,000 5,000 ff 

9a 9,000 7,000 9,000 5,000 ** ff 

9b 9,000 5,000 ~ 

10 19,000 13,000 5,000 ~ 

11 # 
12 II 

ff 

13 # 

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

iHf- No additional. tests conducted beceuse of deterioration of specimen. 

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



'l'able ll 
Loss F~ctor Test D~t~ 

Phenolics teataQ during ?nst few years 

Losr: Fe.cJ&..r_ Dielectric Cops~ Po\"181' Fact.9..;-_ 
Material Dry V~e t Dry Viet 1?.rz Viet F'reg_tten_Cl!: Kilocycl§_S 
Product 

14 0.170 0.185 5.17 5.25 0.0330 0.0350 560 

15 0.168 0.255 5.26 5.54 0.0320 0.0460 47'J 

16 0.360 0.660 5. 99 6.76 0.0610 0.0990 550 

17 0.186 0.21.3 5.10 5.18 o.o.365 0.0410 760 

18 0.265 0.336 5.40 5.64 0.0491 0.0596 755 

19 0.200 0.206 5.33 5. 29 0.0.375 O.OJ89 755 

20 0.162 0.189 4.81 5.00 0.0336 0.03?6 785 

21 0.193 * 4.91 * 0.039.3 * 475 

22 0.097 * J.81 * 0.0255 * 420 

23 0.156 * 5.12 * 0.0305 * 425 

24 0.156 0.199 4.26 4 • .30 0.0367 0. 01.6.3 405 

PoTTer fo.ctol's and loss ft.ctors arc expressed in decimal fractions, and. not in per cent. 

* No "wet" tests conducted on these matcri&ln. 
Loss Factor accuracy 10%. 



Table 12 
Loss Factor 'l'est Data 

Non-phenolics tested dtu·ing post few years 

Losa Factor Dielectric Cons tunt Power Fo.~ 
ffoterial Dry Yi£! Drv Viet Dry Wet 
Product 

25 0.0182 * 2o99 * 0.0061 ➔~ 

26 0.0228 0.0231 3.40 3.44 0.0067 0.0067 

27 0.0554 ➔I- 3. 16 * 0.0174 ➔~ 

28 0.0193 0.065 /4-o)) '+•41 0.0045 0.0147 

29 0.0475 * 2. 67 * 0.0178 * 
\ 

30 0.001410.0084 2.4a 2.47 0.00057 0.00339 

31 0.0136 * 3.10 * 0.004.37 * 
32 0.0363 * 2. 97 * 0.0l.23 * 

Power factors and loss fs.ctor s are expro~;sed in decimal ri~oc~ion.n, and not in per cent. 

* No "wet" -tests conducted on these mntcriul.G. 
Los::. Fnctor accuracy -10% • . 
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Table 13 

Cla s r.ifica tion of Phenolic Mat erial s at Vuriouz Maximur.1 Lo:rn factor Tol er ances. 

Maximum 
Loss Factor Materia l s Accept able 
Tolerance 0i ther nwet" or 11Dry11 

0.30 65% 

0.24 59% 

0.22 59% 

0. 20 47% 

0.18 30% 

0.16 24% 

Mutcriels Acce pt able "Dry" 
but Non-acceptabi~ 11Vletl! 

6% 

6% 

17. 5% 

23.5% 

12% 

Mat erial s Non-accept able 
ei t h~r 111Je t 11 or 11Dry11 

17.5% 

17. 5% 

17.5% 

17. 5% 

35. 5% 

53% 

Mate~inls Appear­
ine Accept2bl e 
from "Dry11 Test, 
but no 11Wet11 Tests 
Conducted. 

17.5% 

17.5% 

17. 5% 

17. 5% 

12% 

12% 
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