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SUPERSEDING
MIL-C-11693B
& March 1960

MILITARY SPECIFICATION

CAPACITORS, FEED THROUGH, RADIO-IN TERFERENCE REDUCTION, AC AND DC
(HERMETICALLY SEALED IN METAL CASES),
ESTABLISHED AND NON-ESTABLISHED RELIABILITY
GENERAL SPECIFICATION FOR

This specification is mandatory for use by all Depart-
ments and Agencies of_the Department of Defense,

1. SCOPE

1.1 Scopo. This specification covers the general requirements for estabiished rellabitity (ER)
and non-ER r-aparhn—u dnalnnnﬂ for rr.'u_srnﬂnn uwth nhnmaﬂn.g cprrent lm-\ and dirert current I'dt-\
paper, metaltized paper, and metallized plastic dielectric, r:ldlo-inlnricrenf:e- reduction, Ieed-
through capacitors, hermetically sealed In metal cases (sae 6.6.1), for use primarily in broad-
band, radico-interference suppression application. Capacitors meeung the established reliability
requirements specified herein have a maximum fallure rate of 1%/1000 hours. This failure rate
i established with a 90% confidence limit based on the life test parameters specified and are
maintained at a 10-percent producer's risk. An acceleration factor of 5:1 has been used to relate
the life test data obtalned at 140 percent of rated voltage (ac or dc) at the applicable high test

to the rated voltage at the applicable high test temperature. Styles CZ220, CZ23,
czsz and CZ33 contained herein, of which are of 32 metailized construction and ghauld be u.sed
only in circultry in which high values of insulation resistance are not essential, and in which
occasional momentary dreakdowns can be tolerated {see 6. 6.2),

1.2 Classtfication.

1.2.1 Type designation, The type designation shall be in the following form, and as specified
{see 3.1 and 6. 1).

CZR23 B K B 4713 M

1 1 T T 1

Current  Characteristic Volage  Capaciiance Failure rate

style leve]
i.2.1.1 i.2.1.2 1,2.1.3 1.2, 1.8 1.2.1.5 i.2.1.8
CZ23 B K B _473

NON-ER Current Characterisile Valiage  Capacitance
style
1.2.1. 1 1.2,1.2 1.2.1.3 1.2.1.4 1.2 1.5

1.2.1,1 le. The style is identified by either the three-letter symbol "CZR" or the two-
letter symbo. 2" followed by a two-digit number. The letters identify ac and de, radlo-
interference redection feed through capacltors, hermetically sealed in metal cases. The symbol
"*CZR" identifies egtablished reliability (ER) eapacitors; the symbol "CZ" identifles capacitors
for which no specific reliability requirements are specified (non-ER). The [irst digit following the
letter symbols identifies the general shape of the case, and the second digit identifles epecllic
details other than case size. Each Gtyle designation may include a family of case sizes,
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1.2.1.2 Current. ‘The current rating {s identified by a single letter in accordance with table L.

TABLE L -Current rating.

e wwe e e s e —f JOUTTERt Tating L e e
" ‘Symbol o -tn-amperes ~ e T T e
(de or ac-rms)
A-=-===-ecememe~ 5
Berreoamsoeormoceea- i0
D-=-=-=-2+ecwcereee=-- 20
F-==--=cc==-- ---- 50
H-rv-rvememmmme- 100
K-=es--re-ccee-n- 300

1.2.1.3 Characteristic. The characteristic is identified by a single letter in accordance with
tabie IL

TABLE I, Characteristic.

Values for
characteristics
P K| E
High amblent test temperature, degrees centigrade +3°C - - - - = - - --1 150 125f 85| 85
Low amblent test temperature, degrees centigrade +3°C - - - - - - - - - 4 -55 ~551-55(-55
Life-test voltage (see 4.7.24), in percent o! rated ac or dc voltage rating 4 140 140{1401140
Capacltx.nce tolerance (percent} === -=~ «== === = ~2= - -- - — - -— o -10+30 [+10)210}:20
: | >0. 25 uF
-10+50
<0,25uF

1.2.1.4 Voltage, The voltage rating is ldentified by a single letter in accordance with table HL

TABLE III. Voltage rating.

Voltage rating
Symbol Volts, dc | Vaits, ac 1/

B-=a=ec-cceenn 100 ---
Covcnmmmmmemmec e 200 -—-
E--c-cmcncmmcene- 400 -——-
Freoereoeemmmaenaaa 600 —--
A L I 1, 200 -——
Us v o= - - === -— 250

1/ Rated frequency of operation for ac capacitors shall
be as specified (see 3.1).
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1.2.1.5 Capacitance. The nominal capacitance value expressed in picofared (pF) ts identifiad
by a three-digit number; the flrst two digits repmum significant figures and the last d.!g'lt specifies
the mumber of reros to follow.

1,216 Fallure rate level, The failure rate level of 1.0 percent per 1, 000 bours is identified
by a andlstnndnuopeunmunted-uruthgendmulﬁiu&inhdumpam

2. APPLICABLE DOCUMENTS

.1 Thefommnu, of the isaus ip effect oo daie of invitation for bids or request for

- _Ade _ oA A __2_

proposal, form a part of this specification to the extent specified barein.
SPECIFICATIONS
MILITARY

MIL-C-39028 - Capacitors, Packaging of.
MIL~-C-45862 - Calibration System Requirements.

{Sce supplement 1 for list of applicable specification sheets. )

SA"I\ 'n'nn

MILITARY
MIL-STD-105 - Sampling Procedures and Tubles for Inspection by Attributes.
MIL-STD-202 - Test Methods for Electronic and Electrical Component Parts,
MIL~-STD-220 - Method of Insertioo- Loss Measuremant,
MIL-STD-650 - Fallure Rate Sampling Plana and Procedures,
MIL-8TD-T790 - Relizb{lity Assurance Program for Electranic Parts Spectiications.
MIL-STD-1285 - Marking Requirements for Electrical and Electranic Parts.
M5I5333 - Washer, Lock, Flat [nternzl
MS3533% -~ Washer, Lock External Tooth.

{Copies of specifications, standards, drawings and publications required by contractors in coo-
pection with specific procurement functions should be obtained from the procuring activity or as
directed by the contracting afficer, )

2.2 Other %ncnuans. The following documents {orme a part of this specification to the extent
spec ere otherwise indicated, the issue in effect on date of invitation for bids or
request {or proposal shall apply.
NATIONAL BUREAU OF STANDARDS
Bandbook H28. Screw-Thread Standards for Federal Services,

{Application for coplies sbould be addreased to the Superintendent of Documents, Government
Printing Office, Washington, D, C. 20402.)

AMERICAL SBOCIETY POR TESTING MATERIALS
P83-57 - Method of Test for Flash and Fire Points by Cleveland Open Cup.

(Application for coptes should be addressed (o the American Society for Testlog Materials,
1816 Race Street, Philadelphta, Pa. 19103,)

\
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3.1 Specification sheets. The individual item requirements shall be as specified berein and in
accordance with the applicable specification sheets (see 6. 1),

3.2 Qualification. Capacitors furnished under this specification shall be a prodict which his
been tested passed the quatificatton tests specified in 4.4, and has been iisted on or
approved for listing on the applicable qualified products list {see 6.2).

3.3 Reiiability {applicabie to ER capaciiors cnly). Reltability of ER capacitors furnished
this gpecification shall be established and maintained in accordance with the procedures and
requirements specified in MIL-STD-750, and with details specified in 4. 1.2 and 4. 4. 4.

9

e
MWLIG

3.4 Material. The material for each part shall be as specified herein. However, when a
definite material Is not specified, a matertal shall be used which will enable the capacitors to
meet the performance requirements of this specification. Acceptance or approval of any con-
stituent material shall not be construed as a guaranty of the acceptance of the {inished product.

3.4.1 Impregnating and filling compounds. Compounds used in the impregnation and filling of
capacitors shall be chemically inactlive with respect to the capacitor element and the case (see
3.5.1). The compound either in the state of original application or as a result of having aged, shall
have no adverse eilect on the performance of the capacitor. For liguid-filled capacitors, the same
material shall be used {or impregnating as is used for filling.

3.5 Design and construction. Capacitors shall be of the design, construction, and physical
dunensions specified (see 3. 1).

3.5.1 Case. Each capacitor shall be enclosed in a hermetically sealed metal case which will
prevent leakage of the impregmant or filling compound, and will protect the capacitor elament from
moisture and mechanical damage under all test conditions specitiad herein.

3.5.2 Finish. A1l exposed metal surfaces shall be suitably protected against corrosion by plating,
or other means (see 3.22). The resultant finish shall form a good electrical conductor and shall
be free from defects that may affect its protective value.

3.5.3 Threaded . All threaded parts shall be in accordance with Handbook H28. Where
practical, th 5 be in conformity with the coarse-thread series, The fine-thread series
shall be used only for applications that might show a definite advantage through their use, Where a
special diameter~pltch combination is required, the thread shali be of American National Form and
of any pitch between 16 and 36 which is used in the fine-thread series. Aluminum nuts shall not be
usec.

3.5.3.1 Engagement of threaded parts. All threaded parts shall engage by at least two full
threads.

3.6 Flashpoint of impregmant or {illing compound. ' When measured as specified in 4.7.2, the
flaghpoint of the Impregnant or filling compound shall be rot lower than 200° C for characteristic P,
145° C for characteristic K, and 135° C for characteristics E and W,

3.7 Seal, When capacitors are tested as specified in 4.7. 3, there shall be no evidence of
ieakage.

3.8 Terminal strength, When capacitors are tested as specified in 4.7.4, no part of the terminal
shall loosen or rupture, and there shall be no other darmage. Stud-type terminals shall exhibit no
perceptible movement relative to the case, under the applied torque, )

e
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3.9 Temperature rise (applicabls unly to tilm-disleciric capacitors). When capacitora are
tested a8 specliied In 4. 7. 5, the temperafure rise shall not exceed the value specified (see 3. 1).

3. is-r\:-l__n_l_._-.llk-h--;ﬂl-—xﬁ'IOQn&-‘m-n Anmnllnos.ae.ws{@d an mtu!ﬂ mg.g'.gj L?Eg-e‘
ghall be no v e, flashover, breakdown or open- Or short-circuiting  (see 6.8.2).

3.1] Insulation resistance. When measured as specified in 4.7, 7, the insulation resistance for
characterlstic-P capacliors shall be not less than the applicable value specified (see 3. 1); tor
charactaristie-K, -E, and ~-W, the insuiation resistance {megohms) or megohm-microfarsds shail
bo not lass than the applicable value apecified in table IV and shown on {igure 1. For measure-
ments made ai tempersiures between 20° and 35° C, the applicable correction factor spectfiad (o
table V shall be applied (see 8.6.2).

TABLE IV. Insulation resistance measurements.

Capacitance rating Minimum insulation resistance
Characteristic K : - | At 25%°¢ h
Dto DL 3¥ microforads - - - = ~ - - - ameaa A 18, 000 megohms )
Greater than 0, 33 microfarads » - =« - - - - - - 1 6, 000 megohm-microfarads i
AL 125° C
0 to 0. 067 micraofarads- = - =~ === =-- -« -~ 150 megohms
Greater than 0, 067 microfarags- = = = = = =~ = - - 10 megohm-micrafarads 1/
Characteristic B At 25° C
0to 0. 33 microfarads « = - - = e - -coveno- &, 000 megohms v
Greatey than 0. 83 microfaradg - « = - - === -~ 2, 000 megohm-micrafarads -
2 At 85° C '
G003 microfarads -~ ~~=-~~- = t---- 6§00 megohms
Greater than 0, 033 microfarads= - =« - == - = = 20 megohm-micrafarads 1/
Characteristic W At 28° C
Oto 0.3 micrafarads - - - - == =-=-=-22.-0--~ 1,500 megohms v
Greater than 0, 33 microfaradg - = == = ==« = - S00 megohm-microfarads =
At 85° C
0to0.03) micrafaradg - - -~ -2 -« =s= .- 150 megohms P
Greater than Q. 033 microfarads- = ~ - ~ - ~ ~ - - $ megohm-microfarads 1/

1/ Product obtained by multiplying the capacitance in microfarads (uF) by the tnsulation
resaistance. . .

L/
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TABLE V. Insulation-resistance correction factors,

Degrees Coarrection Degrees Correction
centigrade | factor I/ | centigrade | factor I/
20 1.42 28 0.82
21 1.33 20 0.76
22 1.24 30 0Tl
23 .18 n 0. 47
24 1.08 3z 04
25 1.00 N 0.59
20 0.04 34 55
27 0. 87 35 051

1/ These correcticn factors are to be applied to the
required values, not to the measured values,

3.12 Voltage drop (applicable only to film-dielsctric capacitora). When capacitors are tested as
specified In 4.7.'8, the voltage drop shall not exceed the value speclited (see 3. 1).

3.13 Capacitance.

3.13.1 Characteristic P. When measured a5 specified (n 4.17.9, the capacitance of charactaristic-
P capacitors shall be oot 1ess than §0 percerd nor greater than 120 percent of the specified nomiral
value, for capacitors rated at 0,25 p¥ and greater; {or capacitars rated at less than 0. 25 uF, the
capacl(nnceahanbe oot less than 90 percent nor greater than 150 percent of the specific nominal
value (see 3. 1)

3.13.2 Characteristics K and E, When measured as specifiad in 4.7.9, the capacitance of
charactertistic-X and -E capaciors shall be not less than 90 porcent nor greater than 110 percent
of the specified nominal value (see 3, 1),

3.13.3 Characteristic W, When measured as specified in 4. 7.9, the eapacitance of chaructertstic-
W eapacitors shall be not less than 60 percent nor greater than 120 percent of the specifiad nomim]
value (see 3. 1).

L4 Dlss;glon factor, When mezsured as specified in 4. 7. 10, the dissipation factor ahall be
. 0 percent.

not more

3.15 Insertion loss. When measured as specified in ¢.7.11 or 4,7.11, 1, the insertion logs shall
be not more than § decibels {(dB). Dips below the value shown on figure 2 (unless otherwise
speciiied {see 3. 1)) for an ideal capacitor of the same nominal capacitance value are permissible
when tested at frequencles from 0. 15 megahertz (MHz) up to that frequency at which the inserticn
loss of the eapacitor under test becomes 60 dB; however, at higher frequencies up to 1, 000 MHz
the insertian loss shall not fall below 60 dB. Deviations in the mature of dips in the curve will be
permitted. Such dips indicate a drop In insertion 1oss below that of an ideal capacitor followed
by a rise in insertion loas, as frequency is increased faster than the rise that 1s characteristic
of an ideal capacitor. Such dips are also characteristic of 21 extended-{oil capacitors,
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licable only to film-dielectric When capacltors are tested as
3.18 Overload on res ce [.] volmge d]'q) shall be a8 mcum tn

ified in 4.7,
;p:: and .12, respectively, and there shall be no physical damage to the capacitars.
3,17 DC reifstance. When measwred as specifiod i ¢.7..13, the.dc resistancs shall oot exceed

the value specticd (see L. 1).

3. 18 Resistance to somerﬁ heat gsnmrahle terminals only). When capacitors are tested as
specified In 4.7, res no capacitors or the terminal insulntors which will

cause electrical mmre of the capacttors, or wm:h will camse hermstically sealsd capacitors to
leak. Chipping of terminal insulators alone shall not be cause lor faiture unless the chipping

extenda to the outer periphery.

lge). When capacitors are tested as specified in 4.7. 15, there shall be no

3.18 Shock (specified % ).
intermittent contacts of 0.5 millisecond {ms) or greater duration, open or short-circuiting and no
mechanical damage to the capacitors. After completion of the shock test, the units shall be sub-
jected to the abbreviated insertion loss tegt {(see 4.7.11,1). The change at any {requency shill be
not more than 3 dB from the initial valus obtained when measured as specified (see 3. 1), except for
those {requencies at which the Initial value 1s 60 dB or greater, which may exceed 3 dB provided the

insertion logs does not drop below 60 dB,

3.20 Vibration low {reqguency. When capacitors are tested as specified in 4. 7. 16, there shall be
no Intermitient contacts o 0.5 ms or greater duration, open or shart-c¢irculiing, and no mechanical

damage to the capacitors.

3.21 vibration, high frequency. When capacitors are tested as spectied in 4. 7. 17 there shall be
no intermittent contacts of 0.5 ms or greater duration, open or short-circuiting and no mechanical
damage to the capacitors.

3. 22 Salt spray (corrosion). When capacitors are tested as specified in 4. 7. 18, there shall be oo
harmful or extensive corroston and at'least 90 percem of any exposed metallic surfaces of the

capacitor shnll be protected by the finish, In addition, there shall be not more than 10-percent
carrosion af the terminal hardware or mounting surface, Marking shall rematn legible after the

test,

3.2) Temperature cvcling and immersion, When tested a5 specificd in 4,7, 18, capacitors shall
meet the following requirements:

Dislectric withslanding

voltage - - - ==« = = = = = = As specified in 3. 10,
Insulation resistance

(a1 25° Cye === e cmme-- Not less than the value specified {see 3. 1).
Caopacitance - - =« -~ - - -« Change not mere than the value specified (see 3.1)

from the initial value obtained when measured
as gpecified in 4.7. 9.
Disstpation factor - » = = - - - Shall not exceed 1.5 percent.

Ingertion loss (abbreviated) - - Change at any frequency not more than ) dB from the
tnitial value obtained when measured as specified in

4,7.11, 1 except that for those [requencties at which the
initia] value is 60 dB or greater, the change may exceed
3 dB provided the insertion loss does not drop below

60 dB.

Visual examination « - - = « = There ahall be oo harmful or extensive corroston and at
least 80 percant of any exposed metal surfaces of the
capacitor shall be protected by the {inish, In sddition,
there shall be aot more than 10-percent corrosion of
the termina] hardware or mounting surface. Marking
shall rematn legible after the teat,
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3.24 Solderabillly (wire leads only). When capacilors are tested as specified in 4. 7. 20, the
dipped surface of the capacitor leads shall be at least 95 percent ¢covered with a new continuous
solder coating, free from pinholes or volds. The remainlng 5 percent of the iead surface shall
show only small pinholes or voids. These shall not be concentrated in one area. Bare base '
material and arees where the solder dip falled 1o cover the original coating are indications of
poor solderability and shall be cause for fallure, In case of dispute, the percentage covered by

pinholes or voids shall be determined by actuil measurement o those i nn:as as co:npared to the
total area,

3,25 Resistance to solvents. Wheo capacitors are tested as specl!led in 4,7.21, there shall be

0 evidence of mechanical qama.ge, and the ma.rxmg shali remain LBngle.

3.26 Moisture resistance. When tested as specified in 4.7. 22, capacitors shall meet the fol-
lowing requirements:

Dielectric withstanding

voltage- - -~ ===« = - - -~ AB specified in 3, 10.
Insulation resistance
(at25°C) - --=---=--=--- Not less than the value specified (see 3, 1),
Capacitance = = = = = = = = = . - Change not more than the value specified (see 3. 1)
from the initial value dbtained when measured
as specified in 4.7. 9,
Dissipation factor- - = - - - - = Shall not exceed 1. 5 percent.
Visual examination - = - - - - - There shall.be no harmful or extensive corrosion and

at least 90 percent of any exposed metal surfaces of

the capacitor shall be protected by the finish, In addi-
tion, there shall be not more than 10-percent corrosion
of the terminal hardware or mounting surface. Marking
shall remain legible after the test.

3.27 Low temperature and capacitance change at reduced temperature, When capacitors are
tested as specified in 4.7, 23, there shall be no evidence of breakdown, {lashover, or fracture,
with the exception that, momentary breakdowns (see 6. 6.2), can be tolerated in capacitors with
metalized construction {(see L. 1). The capacitance change at ~55° +3°C shall not exceed 15
percent of the value measured at 25°C.

3.28 Life. When tested as specified in 4. 7.24, capacitors shall meet the {following requirements:

Insulation resistance
(at 25°C) ~ - r - - = == - = = Not less than the value specified (see 3.1).
Capacijtance - = - =~ - = - - - - - Change not more than the value specified (see 3.1)
from the initial value obtained when measured
as gpecified in 4.7. 9.
Dissipation facior- - - - ~ = - - Shall not exceed 1.5 percent.
Insertion loss (abbreviated) - - Unless otherwise specified (see 3. 1), change at any

Lermemtzsmmarr mmd cnmns tham T AT femes bha intdin] wen
AICHUCULY UUR LIVIE WAL o WL L1 Vi WIC Ultial &

Ty
gbtained when measured as specified in 4,7.11,1,
except that for those frequencies at which the lrmial
value is 60 dB or greater, the change may exceed 3 dB
provided the insertion loss does not drop below 60 dB.

There shall be no mechanical failure or leakage of impregnant or filling compound.

3.20 Mar| Capacitors ghall be marked with the type designation {Jan brand when applicable
(see 3,20.2) trada mark and/or source code, date code, voltage and current ratings. The
marking shall be placed on the exposed cylindrical surface of the case and shall remain legible
after all environmental tests. Other markings which in any way interfere with, obscure, or confuse
those specified herein are prohibited. There shall be no space between the symbols which comprise
the type designation. If space limitation requires it, the type deslgnation may appear on two lines.

In this event, the type designation shall be divided between the current symbol and the characteristic
sy'mbol as shown in the following examples:

10
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CZ13B CZR23B : T = "
KB4T3 KB473

JAN JAN

12345 or 12345 Source code

7011 . .. %51l Datg.coda .. . —
100 Volt 100 Volt .

20 Amps 20 Amps

NOTE: The trade mark may appear anyplace on the capacitor. Successiul quulification 15 a
prerequisita for "JAN" branding.

3.29.1 Dmte code, The date code shall be in accordance with MIL-STD-1285.
3.20.2 JAN and J marking. The United Satas Government bas adopied, and is exercising

legitimate cantrol over, the certification marks "JAN" and "J" respoctively, to indicats
electrical equipment, mamely, resistors, capacitors, electron tubes and the lks, procured by,

or mamrfactured for vge by, or for the Govarnmanr tn accordance with standard Government
specifications. Accordingly, capacitors procured to, and meeoting all of, the requirements
spectited herein and in applicable detail specifications shall bear the certification mark "JAN",
except that capacitors 160 Swmall Lo bear the certification mark "IAN" ghall bear the letter "J™.
Camclture furnizhed under contracts or orders which either permit or require deviation {rom the

comditions or requirements specified hereln and 1o dpplicable detnil speciiications ahall oot buar
"JAN" or "J”. In the event a capacitor sample fails to meet the requirements of this gpecification

and the npp!lmble deta{] speclfications, the mamdacturer shall remove the "JAN or the "J" from
the sample tested and also from all eapaciters represented by the sample. The United Gtates
Government has obtalned Certificate of Registration No. 5304, 860 for the certification mark "JAN™,

3.30 Workmanship, Capacitors shall be processed in such a manner as to be uniform tn quaitty
and e irom pits, corrosion, cracks, rough edges, and other defects that wil) affect life,
serviceabllity, or appeararce.

3.30.1 solm% Flux for soldering shall be rogin, rosin and alcohol, ar rosin and torpentine
No acid or shall be used in preparstion for or during soldering. All excess fhx and
solder shall be removed. Electrical connections shall be mechanically secured before soldering,
where possible, and electirically contimous after soldering.

3.30.1.1 Terminal, Solder lugs and solder lug terminals may be of any shape provided dimen-
slonal limits are met.” All terminals shall be coated with solder having a tin content of 40 to 70

e T AN

"i

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection, Unless otherwise specified in the conmtract or purchase order,
the supplier is responsibie for the peﬁarmme d all lnspecuw mqulrmenu as specified herein
Except as atherwise specified in the contract or order, the suppler may use his own or any Gher
facilities suitable for the performance of the inspection requirements specified hersin, unless
disapproved by the Government. The Government reserves the right to perform any of the inspec-
tona set forth in the specification where such (nspections are deemed necessary (o agsure supplies
and services corform to prescribed requirements.

4.1.1 Test ?%mem and Em%m facillties, Test and measuring equipment and inspection
facilities lcient accuracy, quality quantity to permit performance of the required inspec-
tion ghall be established and maintained by the supplier. The establishment and maintemnce of a

calibration system to control the accuracy of the measuring and test equipment shall be in accor-
dance with MIL~C-43682.

11
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4.'1.2 Rellability assurance program (applicable to ER Ea.rts only). A reliability assurance pro-
gram shall be established and maintained in accordance MIL-STD-790. Evidence of such
compliance shall be verified by the qualifying activity of this specification as a prerequisite for
qualification and continued qualification,

3 e e

” 4.2 Classification of inspections, The inspections speciiied herein are ciassified as follows:

(a) Qualification inspection (see 4. 4).
(0) Quality conformance inspection (see 4.6},

4.3 Inspection conditions, Unless otherwise specified herein, all hispections shall be péHormed
in accordance wilh the test conditions specified in the "GENERAL REQUIREMENTS" of MIL~STD-202.

4.4 ication inspection. Qualification Inspection shall be performed at a laboratory
acceptable to ernment (6ee B.2) on sample units produced with equipment and procedures
normally uned in pgop!ncti@_n . . , .

4.4.17 le Bize. The umber of capacitors to be subjectéd 1o qualification {nspection hall be
as speciiied in tab and the appendix to this specification

4.4.2 Test reutine, The specimens will be subjected tothé qualificition inspéEtion spedified in
table V1 in the order shown. Two specimens in a sample will be subjected to visua! and mechanical
examination {internal). The remaining specimens will be subjected to the subsequent examinations

and tests in group 1. The specimens will then be divided into the remaining groups spectfied in
table VI, and subjected to the tests for their particular group.

4.4.3 Failures. Failures in excess of those allowed in table VI shall be cause for refusal to
grant qualHication approval.

4.4.4 FR gualification {applicable to ER parts only). FR qualification shall be in accordance with
table VL

.~ - [N vt . e o
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. v TABLE VL Quiification trspection, . L ; ..
’ NON-ER ER
Number of | Number of  Number of | Number of
Requirement Method | gpecimens | defectives | apecimens [defectives
Exminalion or test -pABMETODD --- |paragreph | --to be. - jallowsd L/| _lobs | allomed .
‘ ) tnspected taspected
. - Group] | . e . . . .o
Flashpoint of impregeast or {liling .8 w11 .
Visual asd mechantiesl examination .
(inte t e e “eee=- s - 1.1 ’
Material, design, coustruction,
and workmanship « -~ -+« -+« 3.1, 3. 4103.8.3.1 —— 2 0 0
incl. 3.30 to
3.30.1.1, toel ) ) J
Vimal and mechanical examiration \ " -
laxtermallie « - == e = s = o= - e 1.1
Physical dimensions, mrﬂx.!/ 3.1, 3.4, and 0. 1Y
.me-------- to 3.30.1. 1, Incl -
Beal + « =+ 2 - s w2 2 2o man L1 4.1.3
Terminal strength « « = - ¢ + o = =+ 3.8 .7.4
Temperature rise (xpplicabls only to .9 . 1.1.8
film-dielectric capacitorg) ~ « » » = 4.1.85
Dislectric withstanding voltage - - - 10 118 Y, . s/
Insubtion resistance - « ~ -+ = = - = n o1 | ) )1 ) 612 M1
Valtage drop {applicable only to
fllm-¢lelectric capacitors) » - - - - 12 4.7.8
Capacitance- = ===~ c 2= o oo oa- 3. 13 7.6
Dissipation factor = + = =« « === = LU £.17.10
losoruon 1088 - = « - - ¢+ + = = = == = .15 417,11
Overlmd {applicable only to
film-dielactric capacitors) - - - - - .16 1.1
DC resistanty =~ ===+ === === .17 1.1 |) J y /
Grop 0
Raststante to solderisg beat 3 - - -
{sciderable tarmminals only}- -~ - - - J.18 4.7. 4
Salt spray {corrosion) - - - - - - - - L 4.7.18 8 8
Temperature cycling and immersion- .2 4.7.19%
Group I } 1 1 1
Shock {specified pulsg) - - - - - - - - L1 v | o ] ) A
Vibratioo, low frequency= « - = = = = 3.20 1.7.18 ¢ [~ 6 (
¥ibration, high irequency - - - - - - 3. 21 4.7.17
Moisture resistance -~~~ - - - = -~ 3.28 41,22 J
. Group IV . -
Solderability - - - = = = - - ce--- L 1.1.20 4 }1 4 ]1
Resistance to solvents - - - - = - - = 32 .1 4 ) L] J
Group V
Low temperature and capactitance
m.ummmm--- . 4.7.0 }l’ }1 }40 }l
Lifs {accolorated} 4/ - - - - - - - - - L] 4.1.2 J i ] J

o,

e e e[y

A specimen baving obe or mors defects will be considered as a aingls defactive.
Marking will be considered &5 a defect only U It becomes illegible as a result of any of the tests of the

One additiona] gpecimen is inchated in sach sample of J1 or 59 specimens as applicable to permit schatitution
for the allowahle defective tn group L.
The decision &8s (O whether or not the NON-ER product s to be included on the qualified products 1ist shall

bo made at the end of the 240-bour 1le test and at the conclusion of the 2, 000-hour 1He test for the ER parts.

13
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4.5 Retention of qualification. To retain qualification, the supplier shall forward a report at
6-month intervals to the qualifying activity. The qualifying a.ctivﬂy shall estabiish the initial
reporting date, The report shall consist of;

() A summary of the results of the tests performed for inspection of product for delivery
. ..—{group A), indicating as a minimum the mumber of lots that have passed and the number

« that have failed.  The resuits of lests of ail reworked lots shall | be xdenti.ﬂed and '
accounted for.

(o) A summary of the results of tests performed for periodic inspection (group B), including
the number and mode of failures. The summary shal] include results of all periodic
inspaction tests performed and completed during the 6-month period. I the sumamary
of the test results indicates nonconformance with specification requirements, and
corrective action acceptable to the qualifying activity has not been taken, action may be
taken to remove the failing product from the qualifisd products list.

Failure to submit the report within 30 days after the end of each 6 month period may
result in loes of qualification for the product, In addition to the periodic submission of
inspection data, the supplier shall immediately notity the qualifying activity at any time
during the § manth period that the inspection data Indicates fallure of the qualificd
product to meet the requirements of this specification,

In the event that no production oceurred during the reporting period, a report shall be

submitted certifying that the company still has the capabllities and facilities necessary
to produce the item. H during 3 consecutive reporting periods there has been no pro~

duction, the manufacturer may be required, at the discretion of the qualifying activity,
to submit {the products, a representative product of each type, grade, class, ete.) to

testing in accordance with the qualification inspection requirements.

Retention of qualification of ER style will also retain qualification of similar non-ER style; e.g.
CZR2S and CZ23.

4.6 Quality conformance inspection.

4, 6.1 Inspection of product for delivery. Inspection of product for delivery shall consist af
group A inspection.

4.6.1.1 Inspection lot. An inspection lot shall consist of all capacitors of the same style,
current and voltage ratings produced under e¢ssentially the same conditions, and offered for
{ngpection at the same time. ER parts shali be kept separate from nan-ER parts.

i.6.1.2 Group A inspection. Group A lngpection shall comsist of the examinations and tests
specified tn table VI in the order shown.

4.6.1.2.1 Sampling plan. Subgroup 1 tests shall be performed on each ER capacitor offered for
inspection. Statiztical sampling and inspecticn [or subgroup 2 for ER capacitors and subgroups
1 and 2 for non-ER capacitors shall be in accordance with MIL-STD-105. Major and minor defects
shall ba as defined in MIL-STD-105.

14
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TABLE VIL Group A Inspection. -
' e : ’ ~NON-ER - ER
Requirement Method | AQL I Defec.)] AQL (L Defec.)
Examination or Test paragraph  |paragraph{ MaJor | Minor| Major | MIEor
— Subgroup 1 e e . - - -
Seal <----===-=-<~--+o- 3.1 1.3 |
Dielectric withstanding voltage - - - 3. 10 4.7.6
Insulation resistance - = = ~ = = =~ = 3.1 4.1.7
Voltage drop {applicable only to film Not applicable
dielectric capacitors) = - - - = - - %12 4.7.8 } 0.65 (100% inspection)
CRpaLitance = = = == = = =« == = = 3.13 4.1.9 -
Disstpation factor = » = = = = = = - - .14 41.17.10
Insertion losa (abbrevia ce-=-- 3.15 4.7.11.1
DC resistancg = ~ == == = =« = = = .17 4.7.13 )
Subgromp &
Visual and mechanical examination . 7.1 A
(m)_____..-_ _____ - D - . F— -
Materfal » = = = = = = === ==~ - S.4and 3.4.1 | ---
Physical dimensions - - - - - - - - 3.5 ---
Destign and construction (other than )0. 65 4.0] )0.85 4.0
physical dimensiong « = ~ - - - - =~ A5103.5.%1 | ---
{incL)
Marking 1/ - = - = = - ===~ -~ 3.29 wee
Workmanship~ « = =« = = = = = = « 13.30and 3,30, 1| --- ) )

1/ Marking defects are based on visual exumination only and shall be charged only for illegible,
incomplete, or incorrect markings. Auysuhsequemelectrlcalduecusmnmtbemdu

ahsutcrdammm&tem
4. 6.1.2.2 Mamiacturers procuction inspection for ER parts only. I the mamdacturer performs

tests similar to those speclied in subgroup 1, table VII, &» the {fimal step of his production process,

group A, subgrap 1 Inspection may be waived and the data resulting from the manufacturer's

production tests may be used instead Acvtharity to walve the subgroup 1 inspection shall be granted
by the qualifying activity only. The following criteria must be complied with:

(3) Tests canducted by the manufacturer during production shall be clearly identical
to or more stringent than that apecified for subgroup L.

®)

his production tests.

. ‘(c)

stringent than those meclﬂed herein

(d)
()

test data resulting from production tests,

15

Mamdacturer subjects 100% of the product supplied under this specification to
The parunetarn measured and e faslure criteria shall be the game or more’

The lot rejection criterta 1s the same or more stringent than that specified herein
The mamfacturer ahall maks svailable to the Government all records of all detall
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. , . ) .
. 4.6.1.2.3 Rejected lots. I an inspection lot is rejected, the supplier may rework it to correct
the defects, or screen:out the defective units, and resubmit for reinspection. Resubmitted lots
ghall be inspected using tightened inspection. Such lots shall be separate from new lots, and shall
be clearly identified as reinspected lots, ¥ during the 100 percent inspection of subgroup 1 (ER
parts only), screening requires that over 5 percent of the capaciiors be discarded, the iot shail be
rejected and shall ot be rescbmitted. - S I -

e am e t ra——————

R

4,6.2 Periodic inspection. Periodic inspection shall consist of group B. Except where the
results of these Inspections show poncompliance with the applicable requirements (see 4. 6..2. 1. 6),
delvery of products which have pasged group A shall not be delayed pending the results of these
periodic inspections. .

. Ll

4.6.2.1 droup B inspection. Group B inspection shall consist of the tests specified in table VI,
in the order shown, and shall be performed on sample units selected {rom lots that have passed

group A inspection. Test data aobtained shall be reviewed as a part of the complete retention of
qualification,

4.6.2.1.1 Sampling plan. Sample units shall be representative of capacitors. produced.

4.6.2.1.2 Subgroup 1, 2, 3, and 4 (ER and non-ER parts). Eighteen sample units shall be taken
{rom production eacn month and subjected to.the applicable tests {or lheir partiowlar subgraup.
Allowable fajlures shall be as specified in table VIO,

4.6.2.1.2 Subgroun 5 (non-ER parts). Six sample units shall be taken from production every

nunh and subjected to the applicable tests for their particular subgroup. Allowable failures shall
he 15 specified in table VI

¢,6.2,1.4 Subgroup 6 (ER ) Sizx e Yits selected from lors produced
during a 3-month period. Allowable failures shall be as specified in table VII. The accumulated
life test data shall be used for maintenance of ER qualification, and shall be verified for fatlure

rate level maintenance with 90 percent confidence level, at one-year intervals,

ample units ghall b

g (1)

4.6.2, 1.5 Disposition of gample units. Sample units which have been subjected to group B
inspection shall not be delivered an the cantract or order.

4.6.2.1.6 Noncompliance {applicable to both ER and ‘non-ER parts). T a gsample fafls to pass
group B inspection, the supplier shall take corrective action on the materials or processes, or
both, as warranted, and on all units of product which can be corrected and which were manufactured
under essentially the same conditions, with essentially the same materials, processes, etc., and
which are considered subject io the same fajlure. Acceptance of the product shall be discontinued
until corrective action, acceptable to the Government, has been taken. After the corrective action
has Leen taken, group B inspection shall be repeated on additional sample units {all inspection, or
the irapection which the original sample failed, at the option of the Government). Group A inspec-
.ion may be reinstituted; however, final acceptance shall be withheld until the group B reinspection
nas shown that the corrective actiom was successful, [n the event of failure after reinspeetion,
information concerning the failure and corrective action taken shall be furnished to the cognizant
ingpection activity and the qualifying activity.

4.6.3 Inspection of preparation for delivery. Sample packages and packs and the inspection of

the preservation and packaging, packing, and marking for shipment and storage shall be in accor-
dance with the requirements of MIL-C-38028.

16
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- TABLE VIOL. Group B inspection. .. . -
Number o
Requirement sample units | Number of | Rumber of
Test paragraph to be defectives |defectives
- * - : - inspocted allowed .} allcead
Monthly NON-ER EX
Subgroup 1 R
Terminal strength ===« =« = - === 3.8
ion logs = -~ = = s = st e oo - 315 6 1 1
Temperature rise ({iim dielectric only) b3 )
Overload ([lim dielectric only) - - - - 3.18
Sutgroup 2
Resistance to soldering hsal Y
{stidered terminals only) - - - - - - 18 { 14y
Salt spray (corroglon) - == --- = - - s.22 f é 1
Temperature cyeling and immersion- - 3.23 >
1
Subgroup 3
Shock (specified pulse) - - - - = - - - - .19 4715 7 N
Vibration (low frequency)> - - - - - - = 3.20 4.7.16 \ & 1 1
Vikration (high frequency) - - - - - - - 3.21 4.7. 11 J
Moisture resistance- - = - = - == -~ ~ 3.26 4.1.22
Quarterly
Subgroup 4
Solderabllity - =+ - -=-- -~~~ 3.24 3 } . }l
Resistance to solventg ~ = =« - - -~ - 3.25 3
Subgroup 5 (NON-ER parts only) ’
Low temperature and capacitance
change at reduced temperature = = = 27
llnsulaum reslstance (at the high 6 H N/A
ambient temperature} = = - - - - = - .11
Life (250 hours)- - - = = =+ = = ¢+ = = - = 3.28
Subgroup 6 (ER parts caly)
Low temperature and capacitance b
change at reduced temperature - « - a1 /
Insulation resistance (at the high ] N/A 11
ambient temperature) - < - - - - - - . n
[Life (2,000 hourg) = - -« ===~~~ s.28

1/ The number of defects i5 al50 governed by the requirement o 4.5, whereln the qualified product

must meet the 90 percent fajlure rate plan ¢n kb annual basis.

17
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4.7 Msthods of eamimation andtest.: 1 d: - : -
4.7.1 Visual and mechanical examination, clpacnorsaha.llbemmmed toverﬂyth:.tuae
materials, design, construction, physical dimensions, marking, and workmanship are in accor-

damewl.ththeappllcablereqniremenﬂ(neeS 1, 8. 4to3 8. 3 l lncl., and& 20 to 3. 30. 1 2

NS 2 o D, R . VITIITUIN IITITIST TR T Tre T ..'..‘T"
4.7.2 F‘lashpoint of or ﬂannggound {see 3 §). This test is appl.lcable only to
liguid impregmants and compounds and to sclid impregnants having a melting point of less

than 135° C. The flashnoint of the impregnant or filling compound shall be measured as gpeciied

=i [ 2actrR s ]

in Publication D92-57, except that fire point and precislm do not apply. "Impregoant or ﬂmng
campound" shall be mi:sututed for the word "oil" throughout the test- method. t

4.7.3 Seal (see 3.7).

4.7.3.1 Bolid-filled, li nates apacitors. While at room
temperature, capacitors g high t temperature,
lndhqﬂd—tnmregmtedupcﬁmmvhmhnoﬂuugcompmmumed, mnbeimersedfurn
lea.at1mmutelnoilorwatermalntainadatatempentumd5'+3 Cabovethehlghamblemtest
tempemtnre

- e P, Er e

A A T dmend A _Fl TV e P em e b s e e IRV o b I maed i) Bmm FRowalad md bl b Lol
. l. J- & LAQUIUTILIIOU CdDa LILUI'H. \..updl.uuru wiUor L1UUY HidlET will Ut ULl &4 WIS THEU

ambient test temperatyre, shall he placed with the termina.l.a L'.u:mg hnrlzon:a] and brought to a
case temperature of 5° +,5 » C above the high ambient test temperature. After 10 minutes at this

case temperature, the capacitors shall be turned through 180° onto ancther surface with the
terminals still borizontal and kept in this position for 10 minutes with the case temperature
malntained within the same limits, An @il spot or spots appearing on the paper or any oil impreg-
nant appearing on the ouiside of the case is considered evidence of leakage.

4.7.4 Terminal g see 3.8). Capacitors shall be tested in accordance with method 211
of MIL-STD=2{12. The foliow and exceptions shall apply:

- - N

{1} Test condition letter - A.
{2} Method of holding - normal mounting means.

{3) Applied force - 5 pounds +g ounces,

(4) Duratiom of applied force - 30 *5 seconﬂa
(b) Torque - threaded or ta.pped stud type terminals only.
(1) Test condition letter - E.

{2) Torque applied to nuts or scr'ews shall be as specﬂled in table IX.
(3) Applications - A total of five ‘tlzhtenlm's shall be applied.

TABLE IX, Torque,

- Torque
Screw size (pourd~inches)
B-32----<-r-ne-- .14
10-32 - -»-=-~--=-=% 18
1/4-28 ~-------- 24
5/16-24 « « ==+« x o~ 50
3/8-24 -~------- 100
7/16-20 = = - ~ = ¢ = = = 150
1/2-28 - - --=--=-- 200

18
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4.7.5 Temperaure 5 Ly . Capacitors
shall be suspe > 2d wires atall
be of copper, & inchsa long, and the siza shtll be No, 21 AWG. Aﬂer lbermal stabiilty has been

reached and while the capacitor ia still energlzed, the maximum hotspot on the capacitoer case shall
he determined by the use of thermocouples,

W

4.7.6 Dislectric withstanding voltage (see 3.10).

4.7.6.1 For ?y%%lcaum %cum. Capacitore ahadl be tested in accordance with method 301
of MIL-STD-202, o shall apply:

(a) Magnitude and nature of test vaoltage - 200 percent of the rated de voltage,
or a dc potantial oquivalent to 300 parcent of the rated ac voltage (see 3. 1),
whichevar ts applicable. For dec capacitors, the ac ripple shall ot exceed 2 per-
cenmt.

() Duration of application af test voltage - 1 mimie 15 seconds,

(¢} Points of agplicatton of test voiinge - Between the case and either termiml

{d) Limiting value of surge current - Between 5 milllaroperes and 1 ampere.

{e) Measzrement during and after dieleciric withstanding voltage - after the test,
capacitors shall be visually examined for external evidence of damago, arelng,
or breakdown, . .

B

e P

4.7.6.2 For acceptance inspection. Capacitors shall be tested as specifled tn 4.7, 6. 1 except
thai, at the option of the manufacturer, a tesi voltage of 250 percent of the rated de voltage, ora
de potentla) equivalent to 300 percent of the rated ac voltage (see 3. 1), whichever i5 applicable,
may be applied for a period of not less than 1 second,

4,7.7 Insnlation resistones {ape 3. 11), Capacitors ghall be tested in aecordanee with methed 302

AR S W EAritan ww R =

of MIL-STD-202. The following detalls and exception shall apply:

{a) Test potential - A potertial equal to the rated voltage (soe 3. 1) or 500 volts &c, which-
ever iz less. )
{) Spectal ccnm.lnm Capacllm ltnll bc tested at the wpumble high ambient teat

wmpenxum ulee lﬂnlﬂ l.l.), m ll ‘U l.. or CWWC(W mcmtu.
{¢) Points of measurement - Between either terminal and the case.

4.7.8 Vo licable only to film-dislectric citorn) (see 3. 12). The voltage drap
shall be determi in accorcance figure 3. Measurements s made by uting a de reading
meter.

[ CAPACITOR ‘
o 14 ‘“?G SECTION 3?

Ve VOLTAGE DROP

FIGURE 3. Measurement of voltage drop at rated current.

-
L)
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4.7.9 itance (see 3,13 Capacitors shall be tested In accordance with method 305 of
MIL-8TD-202. 0 tafls shall apply: ~ '3 0 © Tt b Tyt

- . g

{a) Test frequency - 1 kHz +100 Hr for capacitors whose nominal capacitance 18 1 uF qr
or leass, and 60 16 Hz for capacitors whose nominal capacitance 18 more than 1 pF,-
(b}..Limit of accuracy - Within 22 percent,_ _ ——— e
4.7.10 Dissipation factor (see 3. 14). The dinsipation factor of each capacitor shall be measured
at a root-mean-square (rms) voltage nat greater than 20 percent of the raled voltage, ac or dc,
whichever is applicable (see 3.1). Measurement shall be made at a frequency of 1 kHz +100 Hz
for capacitors whose nominal capacitance is 1 uF or iess, and ai a irequency of 6016 Hz for
capacitors whose nominal capacitance 18 more than 1 uF. Measurement accuracy shall be within
£0. 1 percent absolute. o .

v

4,7.11 Insertion loss (see 3. 15). Capacitors sball be tested in accordance with MIL~-STD-220,
Measurements shall be taken ai a sufficient number of frequencies to permit the construction of a
smooth accurate curve of insertion logs versus frequency over a frequency range of 0. 15 to 1, 000
MHe, inclusive. BSuggested frequencies are as follows: 0.15, 0.5, 1, 2, 4, 8, 14, 20, 40, 80,
120, 200, 300, 400, and 1, 000 MHz.

4,7.11.1 Insertion less (abbreviated) (see 3. 15). Capacitors shall be tested as specified in
4,7. 11 except that measurements shall be made only at the frequencies specified {see 3. I}

4,7.12 Owerload (applicable only to film-dielectric capacitors) (see 3. 16). Capacitors shall be
suspended by their terminals in Iree air at an ambient temperature af 20 C minimum. A current
equal to 140 percent of rated current shall then be applied for 15 minutes.” After the capacitor has
returned to room temperature, the insulation resistance at 25° C and the voltage drop shall be
measured as speclfied in 4.7.7 and 4.7. 8, respectively, Capacitors shall then be examined for
phystcal damage. i

4.7.13 Dc resistance {(see 3.17). The dc¢ resistance shall be measured directly using a Kelvin
bridge or indirectly using the voltmeter-ammeter method, ammeter-potentiometer method, or other
guitable means. The point of contact shall be along the lead, where the lead i5 normally connected

in an actual circuit, except that for axial-wire leads, the contact shall be made 5/8 2+ 1/8 tnch from

FasT am ¥ AT Wil Canmea N LUl ] L

the insulator. The maftimum allowable measurement erro¥'shall be S percent, —~
4.7.14 Resistance to solderi;g heat: solderable terminals anly {see 3. IBE. Capacitors shall be
tested in accordance with meth . ) owing details shall apply:
(a) Depth of immersion in molten solder - Within , 062 +. 031 inch of the 8eal or case,
{b} Test condition - B.

{c} Cooling time prior to measurement after 1est - 1 hour.
(d) Measurement after test - capacitance to ground and coil continuity.

4.7.15 Shack, (specilied pulse) (see 3. 19)...Capacitors shall be tested in accordance with
method 213 o MIL-5TD-20é. Tne foliowing detaiis shail appiy:

{a) Mounting - securely fastened by normal mounting means. When applicable, leads
and connecting wires must be supported to prevent damage to the capacitor,

{b) Test condition ~ Non ER - G (50g, peak); ER - I (100g, peak).

{c) Electrical load during shock - during the test, a potential of 125 percent of rated
voltage (see 3. 1) shall be applied to the capacitor.

{d) Measuremeunts during shock - During the test, a cathode-ray oscilloscope or other
comparable means capable of detecting imtermittent contacts of 0.5 ms duration or
greater shall be used as an indicating device in determining any electrical failures,

(e} Examination after test - Capacitors shall be visually examined for evidence of
mechanical damage.

20
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4,7.16 Vibration, low frequency {see 3.20) (Non-ER only). Unless otherwise specified, see 3.1.
Capacitors shall be tested In accordance with method 201 of MIL-STD-202, The (ollowing details
shall apply:

{a) Method of mounting -~ Securely [astened by pormal mounting means {see 3. 1).
(b)__ppraum of vibration - 2-1/2 hours, except that for acceptance Inspectton, the
duraiion shall'be 1°1/7 hoiirs. s

{¢) Direction of motion - 1-1/4 hours perpendicular to the cyllndrh:al axis, and 1-1/4
hours paralle] to the cylindrical axis, For acceptance inspection, motion may be
applied in either of the two specified directions.

{d) Electrical load condition, During the test rated vollage (sce 3. 1) shall be zpplied
to each capacitor.

(e) Measurements during vibration - During the last hall hour of vibration in each
direction, a signal of I £0, 2 kHz at 2 level of 1 +0.2 volts shall be placed across
the capacitor and measured with a suitable ac current recording device for the
purpase of determining the presence of cpen- or short-circuit, or intermittent
comtacts of 0,5 me or greater duration

() Examination after tast - capacitors shall be visually examined for evidence of
mechanteal damage.

4.7.17 Vibration, high frequency (see J, 21} {ER onl%!. When specified, see 3.1, capacitors shall
be tested ln accordance with method 2 -202. The {dllowing detnils shall apply:

(a) Mounting - securely fastened by normal mounting means, When applicable, leads
and connecling wires must be s0 supported to exclude spurious resonances.

(b} Electrical load conditions - during the test, a potential &f 125 percent of rated
voitage (see 3. 1) chall be applled between the terming) and case of the eapacitor.

{c} Test condition letter - B (15g).

{d) Direction ard duration of motion - 4 bours in each of two mutually perpendicular
directions (iotal of 8 bours), one paraliel and the athar perpendicular to the
cylindrical axis.

{e} Measurements during vibration - during the last half bour of vihration io each
direction, a signal of 1 0.2 kHz at a level of 1 20.2 volts ghall be placed across
the capacitor and measured with a suitable device to determine open- or short-

. circuiting or intermittems of 0.8 mas or greater duration,

() Examination after test - capacitors shall be visually examined for evidence of

mechanical damage,

4.7.18 Salt spray (corrosion) (see 3.331). Capacitors shall be tesied in accordance with method
101, test ¢ fon M ter this test, capacitors shall be visually examined for
corrusion and obliteration of marking.

4.7.19 Temperature cyellng and immersgion {see 3.23),

4.7.16.1 Te ure ¢yt Capacitars shall be jested in accordance with method 102 of
MIL-STD-202. The following Is and exceptions shall apply:

(a) Test-condition letter - D, except that in step 3, capacitors shall be tested at the
applicable high ambient test temperature (see table 0.
() Measurements before and after cyeling - Not applicable.,

4.7.16.2 lmmersion cycling. Within 4 to 24 bours afier campletion of temperature cycling,
capacitors ahall'be tested In accordance with method 104 of MIL-STD-202. The following details

shall apply:

(a) Test-condition letter - B

(b) Measurements after final cycle - Dielectric withstanding voltage, iosulation
resistance at 23* C, capacitance, dissipation factor, and insertion loss
{abbreviated) shall be measured as specified In 4.7, 6, 4.7.7, 4.7.9, 4.7.10
and 4.7.11.1, respectively, These measurements shall be made within 2 bours
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after capacitors are removed from the immersion tank, except that no time limit
is specilied for the insertion-loss measurement. U the capacitors fall the insula-
tion-resistance test, they may be tetested for insulation resistance after a total
maximum drying period of 24 hours,
e (o) Vismt exarrination -~ Capacitors shall be examined for -corrosion-and obiiteration -- - -
of marking. . .
4,7.20 Solderability (wire leads only) (see 3. 242, Capacitors shall be tested tn accordance with
method 208 of MIL-STD-202. The following details shall apply:
{a) The number of terminations of each capacitor to be tested - 2.
(v} Special preparation of the terminations - prior to the application of the flux and
solder dip, 50 percent of the capacitors shall be subjected to aging by lmmersion in
a nonecorrosive container of distilled water., For characteristic K and P capacitors,
the distilled water shall be bolling. For charseteristic E and W canacttora, the
distilled water shall be maintained at 85° C. The tmmersion perfod shall be one
hour. No aging shall be required on the remaining 50 percent of the capacitors.

(c) Depth of immersion in flux and polder - Both leads shall be immersed te within
0. 05 inches from the point of egress,

4,7.21 Resistance to solvents {see 3. 252. Capacitors shall be tested in accordance with method
215 of MIL-STD-202. The following details shall apply:

{a) Portion of specimen to be brushed - That portion on which marking is present.
(b) Number of specimens to be tested - As specified in applicable inspection tables.
(c) Permissible extent of damage - As specified in 3. 25.

4.7.22 Moisture resistance (see 3. 26). Capacitors shall be tested in accordance with method
108 of MIL-STD-202. The lollowing details and exceptions shall apply:

(2) Initfal measurements - 'Not applicable.

(b) Polarization voltage ~ The dc potential shall be applied to either terminal and the
case of 50 percent of the capazitors. No potential shall be applied to the remaining

, 90 percent of the capacitors.

{¢) Fimal measurements - Upon completion of step 6 of the {inal cycle, the dielectric
withstanding voltage, insulation resistance at 25° C, capacitance, and dissipation
factor shall be measured as specfied in 4.7.6, 4.7.7, 4.7.9 and 4,7, 10,
respectively, at a relative humidity of 50 15 percent.

{d) Visual examination - Capacitora shall be examined for corrosion and obliteration

of marking.
4.7.23 Low temperature and capacitance change at reduced temperature (see 3,27}

4.7.23.1 Low température. Capacitors shall be placed in a chkamber maintained at -53° 13° C,
and rated voltage at the rated frequency shall be applied at this condition for 48 +4 hours (see 3. 1).
The air within the conditioning chamber shall be circulated.

4.7,23.2 Capacitance change at reduced temperature. At the conclusion of the test specified in
4.7.23.1 but before the capacitors are removed from the conditioping chamber, the capacitance
shall be measured as specified in 4. 7.9 except that the measurement shall be made at -55° +3° C.
This measurement shall be compared with a measurement made at room ambient temperature.
After exposure, capacitors shall be visually examined for evidence of breakdown, flashover, or
fractures.

4.7.24 Life (see 3, 28},

[
[ -]
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4.17.24.1 -c:\dun fon, Capacitors shall be tested in accordance wuh method 108 of
mb-sm-zé. lﬁlfje loﬂn?lg EEIE and exceptions shall gpply:

{a) Method of mounting and distance between specimens - Suspended by their terminals
with a distance of not less than 1,5 inches separation between units,

{b) Test temporature.and tolecanee - .Ihmncahlg.h!zh temperature gpecified in _
table I (see 3.1).

{¢} Operating conditions - A potential of 140 percent of the rated ac or dc voltage shall
be applied between the terminal and the case. AC voltages shall be of the maximum
rated frequency =4 Hz {see 1, 1). Rated current shall be flowing through the feed
through conductors (see 3.1),

(8) Test condition - F (2, 000 *_ﬂe hours) for ER parts and 240 *_33 for non-ER parts.

(e) Measuremonts aftor exposure - Capacitors shall be returned to the inspection
comditions speclfied in 4. 3, and shall be visually examined for leakage of
impregnant or filling ¢compound and defarmation of case. Insulation resistance at
25° C, capacitance, dissipation factor, and insertion losa (abbreviated) shall thep

— ———anlflad i. &4 P 7 AP O 47 INHandd 7 11 o
be measurcd a5 speciied 15 4.7.7, 4.7.9, 4.7. 10 and 4.7, 11, respectively,

(aea 3. 28).
4.7.24.2 Life (Quality conformance inspection).

4.7.24.2.1 240 hour {group B inspection) {(see 3.. 28). itors shall be tested as specified In
4.7.24.1, except that the duration of the test shall be 240 28 hours.

4.7.24.2.2 2,000 hour {(group B inspection) (see 3. 28) (ER parts only). Except! as specified in
the {ollowing, capacitors shall be tested as specliied tn 4.7.24. 1:

Test duration - 2, 000 * g“ hours,

$. PREPARATION FOR DELIVERY

5.1 Capacitors shall be prepared for delivery in accordance with MIL~-C~39028.
8. NOTES

6.1 Ordering data.
{a) Title, number, and date of this spec tion,
tha

(o) Tile, number, and date of the applicable specification shect and the complete type

designauon {see 1.2.1 and 3.1).
{c) Levels of prescrvation and packaging and packing, and applicable marking (see sec. 5).
{d) Direct Governmental purchases should specify machine nuts and washers.

8.2 ication. With respect to products requiring quallfication, awards will be made only for
procucts wi are at the time set for opening of bids, gqualified for inclusion in the applicable
qualified products list, whether or not such products have actually been so listed by that date. The
gitention of the suppliers is called to this requirement, and manufacturers are urged to arrange to
have the products that they propose to offer to the Federal Government tested for quallfication in
order that they may be elibible to be awarded contracts or orders for the products covered by this
specification. The activity responsible for the ql.ﬂ.l.lﬂed products list is the Electronics Command,;

ncwever, information permunxg io qtnu.uc:moa of prmucls may pe ooiained irom ihe Dejense
Electronics Supply Cenier (DESC-E), Dayton, Ohio 45401, 2/

2/ SD-8, "Provisions Governing Qualification, “ is issued for the lnformation of applicams

T requesting qualification of products, Coples of this publication may be obtained from the
Commanding Officer, Naval Publications and Forms Center, 5801 Tabor Avemue,
Philadelphia, Pennsylvania 19110,
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6.3 Radio interference. Radio lnterference is defined as undesired conducted or radiated
elsctrical disturbances, including transtents): wﬂhintbennmdtnquendcscmmdbgmb
gspecification, which may interfere with the operation of electrical or electronic communication
equipment ar other electronic equipment. ;

T

8.4 Insertion loss for ideal capacitors, The insertion loss of ideal capacitors for capacitance
valuen-from 0. 001 to 100 ¥, inchusive;-and ‘frequency range’from 0. 01to 1, 000 megahertz,
inclusive, may be determined from figure 4 (see 4.7.11 and 4.7.11.1).
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FIGURE 4. Insertion-loss chart for ideal! capacitors.

24




Downloaded from http://www.everyspec.com

MIL-C-11693C

6.5 Lockwasher. External tooth-type lockwashers ahall be used for all applications (see 3.1),
mept'iﬁm spate mitations, appearance, or other special conditions necessitate the use of
imternal tooth- or split-type lockwashers. Intermal tooth-type lockwashers shall not be used with
binder head screws, Screws or muts with captive lockwashers will be permitted, provided that
replacement with comman-type screws and lockwashers or nuts and lockwashers may be rcadlly
effccted.  Soldering lug and lockwasher combinations shall not be used,

6.6 Definitions.
6.6.7 Hermetic sealing, For the purpose of this specification, 2 hermetically sealed capacitor
is one in whi e capacitance element is contained within a sealed enclosure of ceramic, glass
or metal, or combinations thereal, where sealing is accomplished by material fusion, welding,
brazing or soldering.

6.6.2 Momentary breakdown. Momentary breakdown ts defined as a single or o series of
rapidly sucteeding capacitar discharges evidenced by abrupt decreases in insulation resistance of
values below the Ilmit specified in 3. 11 and followed by restoration of the insulation resistance toa
value above this limil.

6.7 Supersession data. ER capacitors of this specification ghall unilaterally supersede similar
non ER ltems (CZR2I for CZ223) of MIL-C-11893B and MIL-C-11893C and ghall also supersede
similar {tems from MIL-C-39011, Capacitors, Feed Through, Radio-Interference Reguction, ER.
1t Is not Intended that new FSN's be established between MIL-C-11693B and 11693 (non- ER)} compar-
able items. Siyles made "Inactive for Design, etc.” during this revision must meet requirements
of MIL-C-11693B.

6.8 Changes from previous issue. Asterisks are not used in this revision to identify changes
with respect to the previous issue, due te the extensiveness of the changes.

Custodians: Preparing activity:
Army - EL Army - EL
MNavy - EC
Alr Force - 17 Agent:
DSA - ES
Reaview activities:
Army - (Project 5810-0998)
Navy - EC
Air Force - 11, 80
DSA - ES

User activities:
Army -
Navy -
Adr Force -
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APPENDIX
PROCEDURE FOR QUALIFICATION INSPECTION

10. SCOPE

10,1 ‘This appendix detalls the procedure for submisston of samples, with related data, for
qualification inspection of capacitars covered by this specification. The procedure for extending
qualification of the required sample to other capacitors covered by this specification is also out-
{inrd herein.

20. SUBMISSION
20.1 Sample.

20.1.1 le-t submiasion. A sample conaisting of 36 specimens of the type for which
qualification % s£§ shall be submitied {see 30.1). Each sample shall be accompanied with the
following information:

{a) Attenuation curves in accordance with MIL-STD-220.

{b) Either a certification of the {lashpoint of the impregnant or filling compound as
determined in accordance with 4.7.2 or a minimum of 200 cubic cemimeters of
the impregnant ¢r {illing compound used in the capacitors.

20.1.2 Combined-type submission. A maximum of two types in each style for which qualifica-
tion is sought, consisting of 18 specimens of the highest watt-gecond rating or volt-ampere
reactive, as applicable in the highest voltage rating and 18 specimens of the lowest capacitance
value in any voltage rating, shall be submitted. Each sample shall be accompanied by the informa-
tion required in 20. 1. 1{a) and 20. 1. 1(b}, above. Table X i3 an cxample of a combined-type sub-
mission (see 30.2).

20,2 Test data, Each submisgion ghall be accompanied by tast data covering the pondestruc-
tive tests lsied In table VI which have been parformed on the submitted specimens. The perfor-
mance of the destructive tests by the manufacturer on a duplicate set of specimens 18 encouraged,
although not required. All test data shall be submitted in duplicate.

20.3 Description of items. The mamdacturer shall submit a detalled description of the
materiais and constructional features of the capacitors being submitted for inspection, including
information on whether they are liguid-filled or liquid-impregnated; the type and quantity of the
impregnant or filling compound; the type, thickness, and number of layera of capacitor tissue and
electrode material; and the material, thickness, and applied {inish of the case,

217
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TABLE X, Example of eombined-type submission.

Number of
Style Type to be gpecimens Watt-sec Volt-amperes Voltage,
submitted to be rating 2 reactive 2 volts

[ e am 'Bﬁﬁhiﬂéd P e bR S e .::_ .-
CZ13 CZ13APUL03 18 - 0.236 .290 ac
CZ13 CZ13APTU254 ) 18 ‘ -— 5.8 230 ac
230 CZaDWa2s 18 ‘ 0, 00125 -=e 100 de
CZ120 CZXODWBTS4 18 0. 0037TS Vade . |T100 ac
Cc223 CZ23BKF10) 18 0.0018 — ‘ 800 de
CzZ23 CZYIBEKF474 18 0. 0846 - 600 dc
czz24 CZ24BKF103 18 0.0018 - 800 dc
CZ24 CZ24BKF4T74 18 0. 0846 - 600 dc
Cz31 CZ31DWF 104 18 0.018 ~— 600 de
CZ31 CZ31DWFS504 18 0,08 - 600 dc
Cz50 ~§ cCzsaAwIlioz Tyttt o o002 D m—— 1200 ¢c
CZ50 CZ50AWJ104 1B 0.72 - 1200 dc
CZR23 CZR213IBKF474M 32 . 0. 0846 --- 800 dc
CZR24 CZR24BKF103M 2 - 0. 0018 -— "G00 dc
CZR33 CZR3ISFWB205M - 63 0.01 -— 100 dc
CZR42 CZRAIHEV1OM -- 63 - 15.6 250 ac

L/ For de capacitors the watt-second rating will be determined by the {ollowing formula:

w o CEZ
Where: T
Co ‘"W & epergy content in watt-seconds.
"t T “= 'nominal capacitance in farads,
E c dc voltage rating in volts, -

‘% -‘For ac capecitors the power rating will be determined try the following formuta: -
VAR = 27 FCE3

VAR = volt-amperes reactive.
F = {requency in cycle per second.
C + nominal capacitance in farads.
E = ac voltage rating in volts,

Where:

20.4 Test data, Rach submission shnll be accompanied by test-data covering the non-destructive
tests lisTed In table V1 which bave been performed on the submitted specimens. The performance of
the destructive tests by the manufacturer on a duplicate set of specimens is encouraged, although
not reguired.  All tegt data ghall be submitted In duplicate.

LS Rt L o] Silall O SAILICL A2 C ledle,

20.5 Description of items. The mamdacturer shall submit a detalled description of the materials
and constructicnal features of the capacitors belng submitted for inspection, including information on
whether they are liquid-filled or liquid-impregnated; the type and quantity of the impregnant or
filling compound; the type, thickness, and number of layers of capacitor tissue and electrode
material; and the materjal, thickness, and applied finish of the case,
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30. EXTENT OF QUALIFICATION
*30.1 Single-type submission Qualification will be restricted to the type submitted.

30.2 Combined-type submission. Qualification of the types submitted will be extended to types
whose wait-Second and voltuge ratings are not greater than the highest watt-secong and voltage
ratings submitted, and whose capacitance values are not less than the lowest capacitance value
submitted, 1n addition, submission and qualification of a type or types in one characteristic
automatically carries with it qualification of the lower characteristics, provided the units are of
the same siyle, material impregnan or {illing compound and construction (e.g. qualification of
chararteristic K provided the basis for quallfication of characieristics K and E).

Qualification of ER parts will give qualification of non~ER parts of the same dielectric, construction,
voltnge ratings, current ratings and capacitance values,
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SPECIFICATION ANALYSIS SHEET D:Tmm!o. 220153

INSTRUCTIONS: This sheet in to be [illed out by personael, zither Government or contractor, involved in the
use of the specification in procurement of products for ullimete uas by the Department of Defenae. This sheet
is provided lor obtsining informstian on the use of this specification which will inswe that suitable products
¢an be procured with & minimum smount of delay and o1 the lrast cost. Commemts snd the return of this form
will be appreciated. Fold on lines on reverse side, siaple in comer, and send to praparing activity. Comments
snd suggestions submitted on this form Jo not constitute or imply suthorization to waive sny portion of the
ralerenced document{s) or serve to amend contractual requirements.
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