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• • 
l. This prob:LeJ:J. :va~ .'.:>.11t :10r..:.:: ed b>· ~'U-reau ,::if Sr.ius htLer Fi.'.::: - 1/f) 

(J.c - 2L,- al) of 27 uctoue r 11} 1. 

~: r ... ) l ,..i d t:: te~:t__i.nf• tJ-~,.: ·:: ~~: .. d-:r.:.c,rf .. 1 "l) ~- ~a ,: 0f cortne ctor llili :.:~ 

UJK.le r tes t.. vrhr. :-. ·~~::.a ,-:.t 2.lt ... L1..!d~s ,:··; to :i. , (.,C,(- fc-t·t . 

( ';: ) To dettc:n.Li ~c: r,:.-la ... :..vt: L::cco:c:: Lltei.t i:-,fl•·encc t-:-1l •rFa: :­
<lmm ;.:-o ir:t. 

( c ) To d 8 ter.: ir.e 
conne ct-o r :.: . 

t'ney vc re subjec l.::c.i 
:~~~!bility for u u~ in ~~ val 
J.:nd f: ·. ::.C ;i~ s0d ,Jnder 11 Rr: ~~~ ~1 · .. 

cti cc: 1":.1 ft. · .c_:1--,r:.c e: . Tr:c data -::.1~;L:t_r:er. c~rc.· n.;tec: 
the ',.c::V· 2r,' i::.terK!".'d 
: f A. ,sJl ~•oc1fira-

,.. ·; c.::. ' .. :-_ • ;1 ·:imar::ly . 

- l. ·-



(b) 

. (r ·) 

• • 
As a r eoul t of these r,ects . the foll c-·•ri:-:...'. corn:: u:::i ,n:. b2.s:t.' ': f;en 

Al l uni ts tested r.,eet the b r eakdovm noten t ieJ. rcci.:r 'nt~nt:' 
of ;.H q 534 spec.:.. f i cations. 

Sai.:nJ.e::: .\ n.nd D do not !.~eet the rcquirer.ent Gf Sect.ion 0- J 
of AN 9534 s •:i e c ificat..:ion , (~; ,1acir1!5 between c0nti::t:': .. :-, ); 
Sarnnlec C, D, E, ? , r, , ~i, I, .J • • ~. 1 . .. , N, C, P. J :-md R meet 
the s'5 requirenents. This is full y ,,-1 scu:;sed 1..:.r.-·0 ;·- :ul ~ :~ 
of Te:::ts . 11 

The square contac c ·;ins 1tt;ed ir. Sar:l,Jle[; .\ , ::1 ; r., ;:,nd : 
n:ro desirable (tho•1~~h ,.c ~ :r0quir cd by s0ccific ~,r_i l~: ,:.:J . 
The only ob_jectiona11le .feature i ::; thilt noted u:., "r r·- ; 
of 11 r;onc lusi ons . 11 

(d) Dust .C!nd other forPL---::1 ·• --'-ter on he s ur face ,.., f · h10 

insulation ic.flt :f: nce "' ,e : rc:-3l-:<lown ;:.,otent,i:\l. 

(e ) ·r 11e 0pc1c in ; s no·:1 ~: "t·c ifi~.: <.l fer ::. iven v ~~ 2. •1 f' ~ ~ i .. ~.J; .k---.. ... / 

be reduced o:: the · ·,: ta'·(: ra· · n~~ for th i::· , , r E: :-::; ri 1 '. ~~ --,-, , i! . s 
r:iay be increase..! . 



• 
· ··: c omr::ie nda ti ons · 

The following reconuendaticns are nade : 

( n) That the square connectors used in Sample s .\ arrl 3 be 
rejected for :reasons noted in (b) of nconclus.ions 11 a.rd 
(10) of "Results of Tests. 11 

(h) That the operating volta:;e ratings be fr.creased o r 
that the 3:Jacing be reduced for the same voltage rati ne: . 

- lb -



, , ,, TEHIAL Ul®ili TEST 

4. The material UMer test con.sisted of electrical connectors, 
!-'lu;_; s, receptacles and inserts obtained from three m.anu.facturers ar¥i 
: n t ended to meet the AN 9534 s'_)ecificati.ona. They are item:bed in Table l 
-f the Appendix. 

· _;,]_HOD OF TESI 

5. The uni ts under test were 9laoed in a bell jar and connecting 
· c;?:i s brought out. Direct current was applied to the connector terminal.s 
., :1 the voltage 1:ileasured mth an electr-ostatie voltiooter. A high resistance 

•.-.~.c ,inserted in series vti th the SUDply source and the voltmeter so as to 
i:-.J icate breakdown the instant it occurred. 

6. The jar was evacuated in order to simulate pressure conditions 
.1t several altitudes U!") to 50,000 f eet . Four different altitude breakdown 
:oints uere deten':'lined a s follOY1s: sea level - 20,000 feet, 35,000 feet, 
end '.3),000 feet. For each connector unit a separate pair of terminals was 
' ~;cd for deteruining each breakdown point. 'nle breakdown tests ¥1ere re­

'. •:;:1.ted with several inserts of the same type . No atte~t was ma.de to 
r:•ntrol the humidity. 

:; ~T-i. l{ECORDED DURING TESTS 

7. The data recorded during these tests consist of the breakdown 
vol ta~e a t s everal pres sures for each unit. These data are contained in 
Tab1 e 2 o f the Appendix of this reoort . 

U. The accuracy of measurerents is dependent on the follovring 
ract,ars : 

( a ) The a ccuracy of the electrostatic vol tmete r. which 
i s r ated at z J p er cent. 

b) Error due to the human element involved in accur<?,tely 
reading the vo l tc~ter at the instant of breakdown~ 

·1.S::.;u1,rs OF TESTS 

9 . The Samples A. B, C, D, ;,, L. Q and R have 24-vol t s e rvice 
je~i gna ti on. The location of each tenni.nal is identified by a re..ised letter 
•":n the front and rear f aces of the i nsert . For t he vol t.a,ge breakdown lests, 
:,mr pa irs of terminal s were us ed. a.s follows: a and b, d and e, k an:i j» 
" ::i.nd f. The tests were conducted as outlined unG.er 11llethod of Tes t. 11 

10 . The i :nserts for Sampl es A, B, E and F units are made of two 
nolde::i bakeli te pieces. The contac t tenr.:inals are made of squ are s to ck and 

- :2 -
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• • 
fit into square holes in the insulation . The object of usinf; square ele­
ments is to avoid turning of connector in the insulation becaus e it is 
conducive to breakage of the s oldered connection, esoecially unde r condi­
tions of seve re vib ration. The disadvantage is that rri th inr.ert~ havip.g 
:na:1; con tact t e rminals ( such as 2 p and 2 s for A and lJ unit ::; which have 
14 -::. 1.:~7.:i nals) the spacing is reduced considerably. In these t,,-.'O types of 
inse r ts . the spacing is one-sixteenth i nch. This does no t meet the f'!)eci­
fica ti or: r equirer.tents as noted in AH 9 5.34, Section D-3 , which calls for a 
' ti nirm.1:: of onc - -:=.- ig.hth inch. !k,-l'lever, in s_::iite of the reduced spacing[, 
•J1ese inse rts r1eet the br,,uJ:clovrn potential requireme nts • 

.i.1 . Th.::: inserts for c and F have only two contact ter. ti :.c:.ls and are 
s e ci t,ed i;1to t he insulation ;·:i th the flat 0 ides parallel. The snacing is 
one- fo lrth inch ar.d meeta the speci f i cati on noted in Section D-3 o f AN 9534 . 

12 . The inserts for C, D, G and H uni ts are made 1n t.,o r1 iece s ~ one 
section o f nolded bakelite and the other o f l ar:ri.nated bakelite. The con­
nec t. r.,r ::: a re round and have no ::i rovi::;ion to ~, revent them fro r:i turning in the 
insulation . The spaciP.g of tlie units s1.: 01:i.itted for test meets the Arl 9534~ 
Sec ti on l>-3, :requirements. However, the breakdown potential characteristics 
,i f co!".t;l a rable units with snnller spacing (A and B) a.re eGsentially the s.:une. 

l J . T'ne inserts .for Sa-: ·i le s I. K, 1, , and N units are ·made of two 
molded bakelite pieces. The connectors are round nnd have no provision to 
t: reven t them from turning in tLe insulation. The Sample J uxut has the 
c ormectors mlded in a solid bakElite piece . T'ne above units ooet the 
s oa.c i ng requirer:ients of speci:'.. i c ation AN 953-4, Secti on D-J . 

lL. . The inserts for Sa"'.'. l e s O, P, ,~ and R are construe ted the same 
a s de scribed in ( 10) above e;~ceDt th2.t the conn"'ctors have tn n.at surfaces 
i.n tended to prevent turnin ;_; . This results in effectively increasing the 
:;pacing bet-ween com1ectors as co:n:-1ared to the previous samples submitted by 
the s ai;1e r:ianufacturer . 

15. The data r esultin i from these tests are shown in Table 2. 'l'he 
or eakd OW:1 voltage -.rersus alti tude iG :,lotted graphically as follos-;s: for 
Sam.ri l e s A and B in Plate l, for C and D in t>late 2, for E and F in ?late 3. 
f r .G and H in Plate 4, fo I and J in Pl ate 5, for h and L in Plate 6, for 
,· and H in Plate 7, for ( J and P in Plate 8~ for <1 arrl R in ,.) lnte ') . Plate 10 
conta:ins four curves: A and B, G and H, I and J, 0 and P . Plate 11 contains 
three curves: C and D, K a.".ld. L, •'2 arrl R. It will be noted that the voltage 
breakdoYm of Q and R~ K rrl L, follow:<J the same trend1 while that of C and D 
tends to be of a higher magnitude at altitudes above J().CXX) ·feet. Plate 12 
contains two curves: E arr.d F. 1i and N. It will be noted that the voltage 
breakdown characteristic s a~roach each other at high al Utudes. 

16. Examination of Plate 10 shows that the breakdown voltage for the 
saroe spacing varies over wide limits. The accumulation of dirt on the sur­
faces causes a variation of breakdovm voltages. Samples A, B. X, and t 
were carefully cleaned with carbon tetrachloride and thoroughly dried. then 
ir;m1ediately placed under test. Breakdown volt.ages at sea level increased in 

- ) ... 



• 
e:~c•.:ss of J.) per cent. Another cause of thfi variation in_ breakdown 
' )Otent .i.al may be due to a lack of unifonnity in the quality of the insu-­
lat.i ng ma t.1.; ri.::il used. No attempt ·was made to investi gate the latter. 
Hm•ever, the br .!akdown vo}.tae:;es ;iven i.:1 Table 2 are the ones which may 
he -s~~,)ected for t he plugs as delivered by the manufacturer. 

- 4 -



• 
Ct ·.j;C1JUSIOi·iS 

17. As a rc;;.ult of the se te :::; t ~: , the follavring conclu:ions have 
l 1,cn reached: 

(a) ,~11 units t ented neet. i:,he breakdown potential 
r equirements of :-~ti 0534 ~-pec i fications. 

(b ) Sru.1ples ;\ and 3 do no t r:ieet the requirer:1ent of 
Section 0-J of ,t\ ' ; 9 53l Sf.>ecification , (spacing l;r:t,reen 
c ·)ntacts); Sai:rnles C, D, E,, F , G, H, I, J, r, L , .' , -~, G, P, 
C: .::i nd !-,_ me~t ::-hesr:: requirenent3 . TI-,i:3 is ful ~v di~ -
cu~'!.;ed 1mcl e r 11 Re s u.lt s o f Te!3ts ." 

The s qu are ::·., r. we t, ,i ns 
r ., re cl e ~,ir J.bl e ( t hon~h 
T:v~ rrnl y d •)} ::: t.i.-), E, '.le 
o ( nc. o~ 1u,~i. -:-- :-:::: . ·1 

·..:.sed i n Sarx1es A, . , • - , 1rd 
:1ot :required by s-.,cd '. i .-: ,-: t 1 ,·,i, ::::.) • 
e ture i s t.ha t nr1tBd 1.: r ... · ~. ( 

;d i ")\ ;_ : t ,_r\ct ·: t ~11::- .r f·: r·:-·; -~ :7id t tr·r o n t.r e ~ .1-r f -:L( F --- 1 

i t L ... •'l l ~1 r :,_ ,_ :. ~r !"1. 1 1l-i ~\ 't t.h c rJr t? a~ do~n: 'JO t er. Li f:: . . 

;1.ay be r.c•d ,,c ,·l ':.i r · ; ,., v:, lta;,e r.~_ ti~'.g fo r t he •.-r-: 
3;)a c .i n ►: s ; LCA y [)(· .~~ i1 :· r·· a:; ert. 
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AUTHORIZATION 

1. This problem was authorized by Bureau of Ships letter F42-l/39 
(10-24-Rl) of 27 October 1939. 

OBJECT OF TESTS 

2. The object of t.hese tests was: 

(a) To determine the breakdown voltage of connector units 
under test when used at altitudes up to 50,000 feet. 

(b) To detennine relative factors that i nfluence the break­
down point. · 

(c) To detennine possibility of reducing dilnensions of 
connectors. 

ABSTR.:\CT OF' TESTS 

3. A nuu1ber of electrical connector plugs and receptacles manu-
factured in accordance with AH 9534 specifications were obtained fron three 
firms. They were subjected to a series of tests intended to determine their 
suitability for use in Naval aircraft service. The data obtained are noted 
and di scus~ed under 11 Resul ts of Tests·. 11 Primarily, the tests are intended 
to check compliance vli th the electrical requirements of lfrT 9534 specifica­
tions. 

- 1 -
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Conclusions 

As a result of these tests, the follo'.'ting conc1usions have been 
reached: 

(a) All units tested meet the breakdown potential requirements 
of AN 9 534 specifications. 

(b) Samples A and B do not meet the requirement of Section D-3 
of AN 9534 specification, (spacing between contacts); 

(c) 

(d) 

Sar~les C, D, E, F, G, H, I, J, K, L ii , N, 0, P, Q and R meet 
these requirements. This is fully discusseci under 111iesults 
o.f Tests. 11 

The square contact pins used in Samples A, B, E, and F 
are desirable (though not required by specifications). 
The only objectionable feature is that noted under (b) 
of 11Conclusions. 11 

Dust and other foreign matter on the surface of the 
. insulation influence the breakdown potential. 

(e) The spacin6s now specified for a given. voltage rating may 
be reduced or the voltage rating for the present S:?acings 
may be increased. 

- la -



i&TERIAL UNrnrn TEST 

4. The material under test consisted of electrical connectors, 
plugs, receptacles and inserts obtained from three manufacturers and 
int ended to meet the AN 9534 specifications. They are itemized in Table 1 
,)f the Appendix. 

ij~THOD OF TEST 

5. The uni ts under test were placed in a bell jar and connecting 
~.02.cis brought out. Direct current was · applied to the connector terminals 
d'.d t he voltage measured with an electrostatic voltmeter. A high resistance 
wc:,e inserted in series with the supply source and the voltmeter so as to 
indicate breakdmm the instant it occurred. 

6. 'Ihe jar was evacua.ted in order to simulate pressure conditions 
3.t several altitudes ub to 50,000 feet. Four different altitude breakdown 
:,::-oints Here determined- as follovrs: sea level - 20,000 feet, 35,000 feet, 
2.nd 5),000 feet. For each connector unit a separate pair of terminals vras 
used for dete ruining each breakdown point. 'Ihe breakdovm tests were re­
IJeated wi.th several inserts 0f the same type. No attempt was made to 
cc,ntrol the humidity. 

DATA RECORDED DURING TESTS 

7. The data recorded during these tests consist of the breakdown 
voltage at several pressures for each unit. These data are containeq in 
Table 2 of the Appendix of this report. 

J.)ISCUSSION OF PROBABLE ERRDRS 

8. 
factors: 

The accuracy of measurements .is dependent on the following 

(a) The accuracy of t he electrostatic voltmeter, which 
is rated at± 3 per cent. 

(b) Error due to the human element involved in accurately 
reading the voltmeter at the instant of breakdown, 

3,ESULTS OF TESTS 

9. The Samples A, B, C, D, J'( , L,. Q and R have 24-volt service 
designation. The location of each terminal is identified by a raised letter 
on the front and rear faces of the i!1$ert. For the voltage breakdovm 1,ests , 
f our pairs of terminals were used as follows: a and b, d and e, k and j, 
g and f. The tests were conducted as outlined under 11Method of Test. 11 

10. The inserts for SB.I11~les A, B, E and F units are made of two 
molded bakelite pieces. The contact ten~inals are made of square stock and 
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CONCLUSIONS 

17. As a result of these tests, the folloYri.ng conclusions have 
been reached: 

~a) All units tested meet the breakdown potential 
requirements of AN 9534 specifications. 

(b) Samples A and B do not meet the requirement of 
Section D-3 of AN 9534 specification, (spacing between 
contacts); Samples C, D, E, F. G, H, I, J, K, L, 1,i, N, 0, P, 
Q and R meet these requirements. This is fully dis-
cussed under 11Resul ts of Tests. 11 

(c) The square contact pins used in Samples A, B, E, and 
Fare desirable (though not required by S?ecifications). 
The only objectionable feature is tha.t noted under (b) 
of "Conclusions. 11 

( d) Dust and other foreign matter on the surface of the 
insulation influence the breakdown p~tentia.l. 

( e) The spacings now specified for a given voltage rating 
may be reduced or the voltage rating for the present 
spacings nay be increased. 
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