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MILITARY SPECIFICATION

CAPACITORS, FIXED, ELECTROLYTIC (ALUMINUM OXIDE),
ESTABLISHED RELIABILITY AND NON-ESTABLISHED RELIABILITY,
GENERAL SPECIFICATION FOR

This specification is approved for use by all Depart-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the general requirements for established reliability
(ER) and non-ER, aluminum oxide, electrolytic, fixed capacitors (see 6.1). Capacitors meeting
the ER requirements of this specification have reliability established on the basis of 1ife tests
performed at rated voltage at 85°C for failure rate (FR) levels ranging from 1.0 percent to 0.001
percent per 1,000 hours in accordance with MIL-5TD-690. These FR levels are established 2t a
E0-percent confidence level and are maintained at a 10-percent producer's risk. The level of
relfability is identified by the following FR level symbols:

Symbol FR tevel (%/1,000 hr}
L 1.
- 0.?
Rewoaoaa- .- = a 0.01
R I B 0.001

1.2 Classification. Capacitors covered by this specification are classified by the style, as
specified {see 3.1). T

2. APPLICABLE DOCUMENTS ‘ N

" 2.1 Issues of documents, The following documents of the issue in effect on date of invifa:ion
for bids or request for proposal, form a part of this specification to the extent specified herein.

SPECIFICATIONS . ' !
MILITARY )
MIL-C-39028 - Capacitors, Packaging of.
MIL-C-45662 - Calibration System Requirements.

{See supplement 1 for Tist of associated specification sheets.)

STANDARDS
MILITARY
MIL-5TD-105 -  Sampling Procedures and Tables for Inspection by Attributes.
MIL-STD-202 - Test Methods for Electronic and flectrical Component Parts.
MIL-5TD-690 -~ Failure Rate $Sampling Plans and Procedures.
MIL-STD-790 - Reliability Assurance Program for Electronic Parts Specifications.
MIL-5TD-810 - Environmental Test Methods.

- MIL-5TD-1285 Marking of Electrical and Electronic Parts.
{Copies of specifications, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activit

: bt ¥ W oor
as directed by the.-contracting officer.}

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
Naval Electronic Systems Command ATTN: ELEX 5043, Department of the Navy, Wash-
ington O 20360 by using the seif-addressed Standardization Document Improvement
Proposal (DD Form 1426) appearing at the end of this document or by letter.

FSC 5910
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2.2 Uther publications. The foiiowing document forms a1 part of this specifjcation_to the extant
specified herein. Unless otherwise indicated, the issue in effect on date of invitation for bids
or request for proposal shali apply.

NATIONAL BUREAU OF STANDARDS
‘ Handbogk H28 -+  Screw-Thread Standards for Federal Services.

{Applicatidn for copies should be addressed to the Superintendent of Jocuments, Government
Printing Office, Washington, OC 20402).

3. REQUIREMENTS

a1 Comnnifinatinm mhonks Tha d4mdduidnal $Sdam wmamn imAamante £2hall kha 20 cno~ifiad harain and

2l SpEL I l I1CaLbivil JHTCT LD, [NAL-3 IHUI\’IUUl-Ii FTRRI T CYR I QIiCiiba 31idd 1 VS @2 JpTL il icu nicl i aia
in accordance with the applicable specification sheets. In the event of any conflict between
requirements of this specification and the specification sheet, the Tatter shall govern {see 6.2}

3.2 Qualification. Capacitors furnished under this specification shall be products which are
qualified for Tisting on the applicable qualified products 1ist at the time set for opening of
bids (see 4.4 and 6.3). Unless procured from the manufacturer or his authorized distributor
listed or approved for listing on the qualified products list, parts furnished under this
specification shall not be considered as having met the requirements of this specification.

3.3 Reliability (ER styles only). Reliability of capacitors furnished under this specification
shall be established and maintained in accordance with tke procedures and reguirements specified
in MIL-STD-790 and MIL-STD-690 with details specified in 4.1.1, 4.4.4, and 4.4.6.

3.4 Material. The material shall be as specified herein; however, when a definite matertial is
not specified, a material shall be used which will enable the capacitors to meet the performance
requirements of this specification. Acceptance or approval of any canstituent material shall not
be construed as a guaranty of the acceptance of the finished product.

3.4.1 Case insulation (3nsulated capacitors only), <Case insulation shall mot soften, creep,
or shrink to a point where a part of the cylindrical case is Teft uncovered at the high operating

temperature. The use of exterior cardboard sleeves for insulating purposes shall not be permitted.

3.4.2 Internal examination. When capacitors are examined as specified in 4.6.2.1, there shall
be no visible evidence of corrosion.

3.5 Design and construction. Capacitors shall be of the design, construction, and physical
dimensions specified (see 3.17.

3.5.1 Case. Each capacitor shall be enclosed in a metal case, and shall be effectively
sealed against the entry of centaminants, and leakage or evaporation of the eiectrolyte. The
element shall be secured so that there will be no movement in the case.

A E T Tami o AT termiin w1, A ke

widal Iﬁflllllldlh Al | SRUNET] S E PEI’IIIGI"IQ:III..I] aguudr C\J 1lltct'lal|"{ Gll\-l CAl.l:lilullJ', E\)
applicable, so that normal hand] of the terminals will not result in wear, damage, or excessive
strain tg the capacitor element, case. or case jnsulation. Wire-lead terminals shall be hot-salder
dipped or alectroplated with solder having a tin content of from 40 to 70 percent, Threaded
partions of screw-thread terminals shall be in accordance with Handbook H28 as specified (see 3.1).

L
n

u:lvl

3.6 Burn-in (ER styles only). When capacitors are tasted as specified in 4.6.3, there shall be
ne evidence of damage, arcing, or breakdown,

3.7 OC leakage. When measured as specified in 4,6.4, the dc leazkage shall not exceed the
applicable value specified (see 3.1). For nonpolarized style capacitars, the limits apply to
measurements in both directions, except that after environmental tests involving one directional
polarization greater than 30 minutes, the Timits shall apply to the last polarized direction only.

3.8 Capacitance. When measured as specified in 4.6.5, the capacitance shall be within
tolerance gf the nominal vaiue specified {see 3.1).

3.9 Equivalent series resjstance (ESR). When measured as specified in 4,6.6, the ESR (in ohms)
shall not exceed the value specified (see 3.1).
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3.10 Low temperature exposure. When tested as specified in 4.6.7, capacitors shall meet the
following requirements:

DC Teakage =~ - - = = - = = = - Shall not exceed the initial requirement specified
(see 3.1].

Capacitance - = = = = = - = = = Within the tolerance specified (see 3.7).

ESR. = = = ¢ e m o ma o oo Shall not exceed the initial requirement specified
{zee 3.1).

3.11 Solderability (capacitors with wire-lead terminals only}. When capacitors are tested as
specified in 4.6.8, the dipped surface of the leads shall be at least 95-percent covered with a
new, smooth, soider coating. The remaining 5 percent of the lead surface shall show only small
pinholes or rough spots; these shall not be concentrated in one area. Bare base metal and areas
where the solder dip failed to cover the original coating are indications of poor solderability,
and shall be cause for failure. In case of dispute, the percent of coverage with pinholes or
rough spots shall be determined by actual measurement of these areas, as compared ip the total

ared.

3.12 Terminal strength. When capacitors are tested as specified in 4.6.9, there shall be no
Toosening of the terminals or permanent damage to the terminals, terminal weld, or terminal
solder, as applicable.

3.13 Stability at reduced and high temperatures. When tested as specified in 4.6.10, capacitors
shall meet the following requirements:

Stgg :éakage = = =« =« ==~ 5hall not exceed the initial reguirement specified.(see 3.1).
Capacitance - - = = = = «  Within the tolerance specified {see 3.1).
ESR = = = =« = w = - - = - 5hall not exceed the initial requirement specified {see 3.1).
Step 2:
impedance - - - - -« - - - 5hall not exceed the value specified {see 3.1).
Capacitance - = - = - - - Change nqt more than the value specified {see 3.1).
Steps 3 through 5:
DC Teakage - = = =~ = = = - Shall not exceed the value specified (see 3.1}.
Capacitance - = =~ = - = - Change not more than the value specified {see 3.1).
ESR = = = = =« = = = = -~ Shal} not exceed the value specified {see 3.1).

3.14 Life. When tested as specified in 4.6.11, capacitors shall meet the following requirements:

DC Jeakage ~ = = = « = = = Shall not exceed the value specified (see 3.1},
Capacitance - - = = = - - & Change not mare than the value specified {see 3.1},

ESR = = = = = = 0 - 20 o - & Shall not exceed the value specified {see 3.1).

Visual examination - - - - There shall be no Teakage of electrolyte or evidence of

mechanical damage, and the marking shall remain legible.

3.15 Case insulation (insulated capacitors only).

3.15.1 Dielectric withstanding voltage. When capacitors are tested as specified in 4.6.12.1,
there shall be no breakdown of the insulation.

3.15.2 Insulation resistance. When capacitors are tested as specified im 4.6.12.2, there shall
be no breakdown of the insulation, and the insulation resistance shall be not less than 100
megahms .

Ll

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T18:37Z
Check the source to verify that this is the current version before use.




MIL-C-390188

3.16 Shock (specified pulse). When capacitors are tested as specified in 4.6.13, there shall
be no intermittent comtacts of 0.5 millisecond (ms} or greater duration, arcing, or open- or
short-circuiting, nor shall there be any evidence of mechanical damage or leakage of electroiyte.

3.17 Vibration. When capacitors are tested as specified in 4.6.14, there shall be nc inter-
mittent contacts of 0.5 ms or greater duration, or open- or short-circuiting, nor shall there be
any evidence of mechanical damage or leakage of electrolyte.

3.18 Salt spray (corrosion) {not applicable to styles CUS1 and CURE1}. When capacitors are
tested as specified in 4.6.15, there shall be no harmful corrosion and at least 90 percent of any
exposed metal surface of the capacitor shall be umaffected. In addition, there shall be no more
than 10-percent corrosion of the terminal surface. Harmful corrosion shall be construed as any
type of corraesion which in any way interferes with mechanical or electrical performance. There
shall be no unwrapping of or mechanical damage to the insulating sleeves (when applicable). The
marking shall remain legible.

3.19 Thermal shock and immersion. When tested as specified in 4.6.16, capacitors shall meet
the following requirements:

0C leakage ~ - =-= = - = = Shall not exceed the initial requirement specified
(see 3.1},

Capacitance = - - = - - - - Change not more than the value specified (see 3.1).

ESR = = = = =« = = =2 = - - Shall not exceed the initiai requirement specified
(see 3.1}.

Visual examination - - - = There shal} be no harmful or extensive corrosion dnd at
least 90 percent of any exposed metal surface of the
capacitor shall be protected by the finish. There shall

_be no more than 10-percent corrosion of the terminal
hardware or mounting surfacé. There shall be no leakage
of electrolyte or mechanical damage, and marking shall
remain legible after the test. When appiicable, case
insylation sha%l not exhibit evidence of burning, charring,
or arcing and shall meet the reguirements of 3.15. In
addition, there shall be nc evidence of dye penetration
when yiewed under ultraviclet 1ight.

3.20 Surge voltage. When capacitors are tested as specified im 4.6.17, there shall be no
breakdown or other permanent injury. Terminals and seals shall remain intact. There shall be no
leakage of the electrolyte when the capacitor is held with its end seal downward during the test.
Capacitors shall meet the following requirements:

0C jeakage - - - - - - - - Shall not exceszd the initial requirement specified
{see 3.1}.

Capacitance - - - - - - - Change not more than the value specified {see 3.1).

ESR = = =« = = - - - - - Shall not exceed the initial requirement specified
{see 3.1}.

3.2} Vent (when specifiea, see 3.1). When capacitors are tested as specified in 4.6.18, the
vent shall operate, and there shal] be no explosive expelling of the contents. Disruption shaii
occur only at the vent; the case or end seal shall not otherwise rupture.

3.22 Moisture resistance. When tested as specifie¢ in 4.6.19, capacitors shall meat the
following requirements:

OC leakage ~ = - -~ = - - ~ - Shall not exceed the initial requirement specified

{see 3.1).
Capacitance - - = - = = - = Change not more than the value specified (see 3.1},
ESR - = = v = v m e m = - - Shall not exceed the initial requirement specified
(see 3.1).
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Case insulation :
(when applicable} - - - - - - - . Shall be as specified in 3.15.

Visual examination - - « - = - - « There shall be no harmful or extensive corrosiaen
and at least 90 percent of any exposed metal
surface of the capacitor shall be protected by the
finish. There shall be no more than 10-percent
corrosion of the terminal hardware or mounting
surface. There shall be no unwrapping of or
mechanical damage to case insulation {when
applicable). There shall be no leakage of the
electrolyte or deformation of the case, and
marking shall remain Tegible after the test.

3.23 fungus. The manufacturer shall certify that all external materials are fungus resistant
or shall perform the test specified in 4.6.20. When capacitors are tested as specified in 4.6.20,
examination shall disclose no evidence of fungus growth on the external surface of the capacitor.

3.24 Barometric pressure {reduced). When capacitors are tested as specified in 4.6.21; there
shall be no flashover, breakdown, evidence of mechanical damage or leakage of the electrolyte.
The marking shall remain legible,

3.25 High temperature exposure. When tested as specified in 4.6.22, capacitors shall meet the
following requirements:

DC leakage = - ~ = = = = = - - .- Shal] not exceed the value specified (see 3.1).
Capacitanceg - = - = = = = = - - Change not more than the value specified (see 3.1).

__ESR -------------- Shall not exceed the value specified (see 3.1}.
Visual examination - =~ - - - - There shall be no deformation of the case.

3.26 Reverse voltage {when specified, see 3.1). When tested as specified in 4.6.23, capacitors
shall meet the following requirements:

OC leakage ~ - - - - - .- = Shall not exceed the value specified (see 3.1).

Capacitance - - = - = = = = = - Change not more than the value specified (see 3.1).

ESR = = = = e m e s e m - s Shall not exceed the initial requirement specified
. {see 3.})

3.27 High temperature verification {styles CUT2,CUT3,CURY I, CUT4, LTS, CUTS LUV T, CURY T, and CURDS)
When capacitors are tested as specified in 4.6.Z4, there shall be no evidence of damage, arcing or
breakdown, and the capacitors shall meet the following requiremwents:

OC leakage » = = = = « =« - = - & Shall not exceed the value specified {see 3.1).
Capacitance = = - « = = - = - « - Change not more than the value specified (see 3.1).
ESR « = = - o o e m e e w et ' $hall not exceed the initial requirement specified

(see 3.1),

3.28 AC verification (style CUR9] only). When tested as specified in 4.6.25, capacitors shall
withstand the ac voltage exposure without visible damage, and shall meet the following requirements:

CC Teakage » = = = = = = = = = = « Shall not exceed the value specified (see 3.1).
Capacitance - - = - « - = - - - - . Change not more than the value specified (see 3.1).
ESR = = = = = = 0 oo - v - = - = = 5Shall not exceed the initial requirement specified
{see 3.1).
-
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3.29 Penetration of solvents (when specified, see 3.1). When tested as specified in 4.6.26,
capacitors shall meet the following requirements:

DC leakage = = = = - = = - = Shall not exceed the initial requirement specified
(see 3.1).

Capacitance ~-« = = - - - = Change not more than +10 percent of the fnitial measured
value (see 3.1). .

ESR = = = = = = = = =« = = = Shall not exceed 115 percent of the initial reguirement
{see 3.1).

3.30 Reverse voltage aging (all polarized styles). When tested as specified in 4.6.27, capa-
citors shal] meet the following requirements:

DC leakage - =~ - = = - - - = Shall not exceed 300 percent of the initial requirement
specified (tee 3.1}.

Capacitance - - - - - - - - +10 percent of initial measured value.

ESR - = = = = = = = = = = - Shall not exceed the initial requirement specified
(see 3.1).

3.31 Marking. Capacitors shall be marked in accordance with method 1 of MIL-3TD-1285. Marking
shall incTude the "JAN" brand (ER styles only); part number (see 3.1); capacitance in{uf};
capacitance tolerance; dc rated voltage; date code; and source code. The dc rated voltage for
poelarized capacitors shall be designated "VDC" and for nonpolarized capacitors shall be designated
"YNP". Both voltages and temperatures shall be shown on dual-rated units, Polarity on polarized
capacitors with axial wire-Tead terminals shall be indicated by a minimum of a2 plus (+) symbol

on the first and last lines of the marking at the positive end of the case. For capacitors with
bath terminals on the same end, the positive terminal shall be identified by a single plus (+)
symboi adjacent to the terminal, or as specified (see 3.1). Each capacitor body shall be legibly
marked with smear-resistant ink that will withstand the environmental conditions specified herein.
The marking shall remain legible after all tests. .

3.31,1 "JAK" and "J" marking (ER styles only}. The United States Government has adopted, and
is exercising legitimate contro) pver, the certification marks “JAN" and "J". respectively, to
indicate electrical equipment, namely, resistors, capacitors, elactron tubes and the iike,
procured by, or manufactured for use by, or for the Government in accordance with standard Govern-
ment specifications. Accordingly, capacitors procured to, and meeting all of, the criteria speci-
fied hereinand in applicable specification sheets shall jear the certification mark "JAN", except
that capacitors too small to bear the certification mark "JAN" shall bear the Tetter “J”. Capaci-
tors furnished under contracts which either permit or require deviation from the conditions or
requirements specified herein and in applicable specification sheets shall not bear "JAN" or "J".
In the event a capacitor sample fails ta meet the requirements of this specification and the
applicable specification sheets, the manufacturer shall remove the "JAN" or "J" from the sample
tested and also from all capacitors represented by the sample. The United States Government has
obtained Certificate of Registration No, 504,860 for the certification mark "JAN".

3.31.2 Non-f£R. An ER part may be marked and furnished 4s a non-ER part, if produced on the
same assembly line and provided it is subjected to and meets all the inspection requirements of
the ER part.

3.32 Workmanship. Capacitors shall be processed im such a maprer as to be unifarm in guality
and shall be free from cold soldering, corrosion {see 3.18), pits, cracks, dents, rough edges,
and other defects that will affect life, serviceability, or appearance. Solder on the surface of
the case shall be smooth and unbroken and shall have no pinholes or girdle.

3.32.1 Soldering. Flux for soldering shall be rosir, rosin and alcohol, or rosin and turpen-
tine. No acid or acid salts shall be used n preparaticn for or during soldering. All excess
flux and solder shall be removed, Electrical comnections shall be mechanically secure before
soldering, when possible, and electrically continuous after soldering.

4, (JALTTY ASSURANCE PROVISIONS

4.1 Ze=sponsibility for inspection. Unless otherwise specified in the contract, the contractor
is respansible for the performance of all inspection requirements as specified herein. Except as
ctherwise specified in the contract, the contractor may use his awn or any other facilities syit-
able for the performance of the inspection requirements specified herein, unless disappraved by
the Government, The Government reserves the right to perform any of the inspections set forth in
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the specification where such inspections are deemed necessary to assure suppiies and services
conform to prescribed requirements.

§.1.1 Reliability assurance program {ER styles only). A reliability assurance program shall be
established and maintained in accordance with MIL-5TD-790; "Program implementation” exceptions
are as follows:

a. Under "Description of production processas and controls", the procedure for
identification of each production lot shall include only “the manufacturer shall
as a minimum be able to identify the time period during which the final production
operation was performed on each item of product prior to finmal test. The date or
Tot code marked on each part shall be identified to a productfon lot.”

b. "Traceability" of materials shall not apply.

Evidence of such compliance shal) be verified by the qualifying activity of this specification as
a prerequisite for qualification and continued qualification.

4.1.2 Test equipment and inspection facilities. Test and measuring equipment and inspection
facilities of sufficient accuracy, quaiity and quantity to permit performance of the required
inspection shall be established and maintained by the contractor. The establishment and maintenance
of a calibration system to control the accuracy of the measuring and test equipment shall be in
accordance with MIL-C-45662.

4,2 Classification of inspections. The inspections specified herein are classified as follows:

a. Qualification inspection (see 4.4).
b. Verification of qualification (ER styles only)(see 4.4.6).
c. Quality conformance inspection (see 4.5).

4.3 lInspection conditions. Unless otherwise specified herein, all inspections shall be performed
in accordance with the test conditions specified in the "GENERAL REQUIREMENTS" of MIL-STD-202.

4.4 Qualification inspection. Qualification inspection shall be pérformed at a laboratory
acceptable to the Government (see 6.3) on sample units produced with equipment and procedures
normally used in production.

4.4.1 Sample size. The number of capacitors to be subjected to qualification inspection
shall be as specified in table I and appendix A to this specification.

4,4.2 Test routine. The sample shall be subjected to the qualification inspection specified
in table I, in the order shown. Two sample units shall be subjected to visual and mechanical
inspection (internal examination). The remaining sample units shall be subjected to the subsequent
inspections of group 1. The sample shall then be divided as specified in table I for groups Il to
X1I inclusive, and subjected to the inspections for their particular group. For voltage-group
submission, each style and capacitance value shall be equally represented in each group.

4,4.3 Failures. Failures in excess of those allowed in table | shall be cause for refusal to
grant qualification approval. .

4.4.4 FR qualification (ER styles only}. FR qualification shall be in accordance with the
general and detalled requirements of MIL-5TD-690 and the following details:
2. Procedure I - ?ua1ification at the initial FR level., ievel "M" (1.0%/1,000 hours) of
RSP-60 shall apply. Sample units shall be subjected to the qualification inspection

specified in'group 11[, table I. The entire life test sample shall be continued
on test to 10,000 hours as specified in 4.6.11.1.1 upon completion of the 2,000-
hour qualification test.

b. Procedure II] - Kktension of qualification to lower FR levels. To extend qualification
to FR Tevel "P™ data shall be iimited to each voltage group within a style; for
FR Tevels "R" and "S", data from two or more voltage groups within a style of
similar construction may be combined.

€. Procedure II] - Maintenance of FR level qualificatign. Maintenance period B of FRSP-
10 shall apply. Regardless of the number of preduction lots produced during this
pericd, the specified number of unit hours shall be accumulated tc maintain
qualification (see 4.4.6%.).
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Qualification approval will be based on the successful completion of the test specified in table I,
and will not be withheld pending completion of the extendec life test of 4.4.4a.

4.4.5 Retention of gualification {non-ER styies only]. To retain qualification, the contractor
shall forward a report at 6-month intervals to the qualifying activity. The qualifying activity
shall establish the initial reporting date. The report shell consist of:

a. A summary of the results of the tests performed for inspection of product for delivery,
groups A and B, indicating as a minimum the number of lots that have passed and the
number that have failed. The results of tests of all reworked Tots shall be
identified and accounted for.

b. A summary of the results of the test performed for periodic inspection, group C,
in¢luding the number and mode of failures. The summary shall incTude results of
all periodic inspection tests performed and completed during the 6-month period.

If the summary of the test results indicates nonconformance with specification
requirements, and corrective action acceptable to the gqualifying activity has not
been taken, action may be taken to remove the failing product from the qualified
products 1ist.

Failure to submit the report within 30 days after the end of each 6-month period may result in loss
of gualification for the product. In addition to the periodic submission of inspection data, the
contractor shall immediately notify the qualifying activity at any time during the 6-month period
that the inspection data indicates failure of the qualified product to meet the requirements of
this specification.

In the event that no productign occurred during the reporting period, a report shall be submitted
certifying that the company still has the capabilities and facilities necessary to produce the

item. I[f during three consecutive reporting periods, there has been no production, the manufacturer
may be required, at the discretion of the qualifying activity, to submit a representative product
of each style tp testing in accordance with the gualification inspection requirements.

4.4.6 Verification of qualification (ER styles only). Every 6 months the manuyfacturer shall
compile a summary of the resylts of quality conformance inspections and extended FR test data,
in the form of a verification of qualification report, and forward it to the qualifyina activity
within 3Q days after the end of the reperting period as the basis of continued qualification approval.
In addition, the manufacturer shall immediately notify the gqualifying activity whenever the FR
data indicates that the manufacturer has failed to maintain the qualified FR level, or the group C
inspection data indicates failure of the qualified product to meet the regquirements of this
specification. Continuation shall be based on evidence that over the 6-month period the following
has been met:

a. Verification by the qualifying activity that the manufacturer meets the requirements
of MIL-STD-790.

b. The manufacturer has not medified the design of the ftem.

¢c. The specification requirements for the item nave not been amended so far as to affect
the character of the item.

d. Lot rejection for group A inspection does not exceed 5 percent or one lot, whichever
is greater,

e, The requirements for arouo C inspection are met.

f. The racords of all FR tests combined substantiate that the "M" or “P" FR level has
been maintained or that the manufacturer cintinues to meet the "R™ or "5" FR level
for which qualified, although the total component hours of testing may not, as yet,
meet the requirements of 4.4.4c.

When group C requirements were not met and the manufacturer has taken corrective action satisfactory
to the Government, group C retesting shall be instituted. A summary of the retesting shall be
forwarded to the qualtifying activity within 30 days after completion of the retest.

4.5 Quality conformance inspection.

4.5.1 Inspection aof product for delivery. Inspection of product for delivery shall consist of
groups A and 8 inspection. .

4:5:1.1 [nspection lot. An inspection lot shall consist of all capacitors covered by the same
specification sheet, in the same voltage group (see 20.1.7 of appendix A), produced under essentially
the same conditions, and offered for inspection at one time. A production period will be a maximum
of 2 weeks,
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TABLE 1. Qualification inspection.
Requirement Test Number of Number of
Inspection paragraph Method sample units faitures
paragraph | to be inspected altowed 1/
Non-ER ER Non-ER} ER
Group 1
¥isval & mechanical inspection 3.1,3.4,3.4.2, 4.6.2 & 2 2 0 0
{internal examination) - - - - - - 3.5 to 3.5.2 incl 4.6.2.1
3.32 % 3.32.1
¥isual & mechanical inspection
(external examination) 2/ - - - - [3,1,3.4,3.4.7, 4.6.2 AT
3.5 to 3.5.2 mcI
3.3 to 3.32 1ncl
Burn-in (ER styles only) 2/ - - - - 3.6 4.6.3 34 4/ 3 0
DC leakage 2/ - - - - - R 3.7 4.6.4
Capacitance 2/ =« - - - - -- - 3.8 4.6.5 J
ESR 2/ = e e e e e - - 1.9 4.6.6 J

Group 1T h Pz
Low temperature exposyre - - - - - 3.10 4.6.7
Solderability {capacitors with wire- 5 € \, ]

Tead terminals only) - < - - - - i 4.6.8 . (

Terminal strength - - = - « . - - 3.12 4.6.9

Stability at reduced and h1gh 1
temperatures - - - - - - - - - 3.13 4.6.10 J

Group 111
Life {2,000 hours) - - = - 3.14 4.6.11.1 ~k 22 \346 ﬁxo
Case 1nsuiat1nn (1nc ulated capac1'tcu-s J J J
only) 3.15 a2 | J /

Group IV ) ’
Shack{specified pulse) - = = = = = = 3.16 4.6.13 .
Vibration « - = = = = = = - o . - - 3jaz 4.6.14
Salt spray(corrosion)(not applicable 6 6 1 1

to stvles CUB1 and CURSY) - - - - 3,18 4.6.18
Thermal shock and immersion - - - - 3.19 4.6.16 J J J J

Group V ' T3
Surge voltage - - - - - - - - - . - 3.20 4.6.17 6 6 1 1
Vent (when specified, see 3.1) - - - 3.21 4.6.18

4

Graup VI - ~ . \
Moisture resistance - = - « - « - - 3.22 4.6.19 (
Funqus 6/ = « - - - -~ ... 3.23 5.6.20 J 1¥4 12 1 &1

Group VII \]
Barometric pressuré (reduced) - - - 3.24 4.6.21 8 8 1 1
High temperature exposure - -« - - - 3.2% 4.6.22
~ Group VIIT
Heverse voltage {styles CU12, CU13,

CUR13,CU16, CUI7, & CURYY only) - - 3.26 4.6.23 6 6 1 ] 1

Group IX
High temperature verification
(styles CU2, CUI3, CURI3, CUl4, CUIS,

CuUle, CU17, CURYZ, & CURT9 on1y)- - - 3.27 4.6.24 24 24 ] 1

Group X
AC verificmﬁ_(style CUR9T only) - 3.28 4.6.25 NA 12 NA 1

Group X1
Penetration of solvents (not
applicable to styles CU71, 4.6.26 6 6 1 1
CUR7T, CUB1,CURBY, & CUR9T) -« - - - - - 3.29

- g = -
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TABLE 1. Qualification inspectior, - Continued.

Requirement Test Number of Mumber of
Inspection paragraph Methed sample units failures
paragrzph to be inspected allowed 1/
Non-ER ER Nen-ER | ER
Group XII
Reverse voltage aging (not
applicable to styles CUl4
and CUIS) - =« = = = = = - ~ . 3.30 4,6.27 10 10 0 G

1/ A sample unit having one or more defects shall be ccnsidered as a single failure.
2/ Nondestructive test.

3/ One additional sample unit is included in each sample size to permit substitution for the
allowable failure in group I.

4/ The number of sample units to be inspected are:

Non-ER ER
73 - Style CUN] 132 - CURI3
73 - Styie CuUBl 132 - CURY7
109 - Styles CU16 & CUYY 126 - CUR19
33 - Styies CU14 & CUIS 96 - CUR7I
109 - Styles CUI2 & CUY3 36 - CURS1
108 - CURSI

5/ Certification of fungus resistance may be substituted for testing.

4.5.1.2 Group A inspection. Group A inspection shall consist of the inspections specified in
table II, and shall be made on the same set of sample units in the order shown.

4.5.1,2.1 Sampling ptan. Subgroup 1 tests shall be performed on each ER capacitor offered for
acceptance. Such tests shall not be repeated for purposes of reinspection. Statistical sampling
and inspection for subgroups ) and 2 {for non-ER capacitor:s) and subgroup 2 (for ER capacitors)
shall be in accordance with MIL-STD-105 for general inspection level II. Major and minor defects
shall be as defined in MIL-STD-105. If during the 100 percent inspection aof subgroup i, screening

requires that over 3 percent of the capacitors be discarded, the laot shall be rejected.

4.5.1.2.2 Manufacturer's preduction inspection (for ER styles only). [If the manufacturer performs
tests similar to those specified in subgroup 1, table II, as the final step of his production process,
group A, subgroup 1 inspection may be waived and the data resulting from the manufacturer’s
production tests may be used instead. Authority to waive the subgroup 1 inspection shall be granted
by the qualifying activity only. The following criteria must be complied with:

a. Tests conducted by the manufacturer during production shall be clearly identical
to or more stringent than that specified for subgroup 1 and shall be performed
only on a fully sealed capacitor. Test conditions shail be egual t¢ or more
stringent than those specified for subgroup 1.

b. Manufacturer subjects 100 percent of the product supplied under this specification
to his production tests.

c. The perameters measured and the failure ¢riteria shall be the same or more
stringent than those specified herein.

d. The lot rejection criteria is the same or more stringent than that specified herein.

e. Tre manufacturer shall make available all informatiom concerning the test proceduras
and instrumentation used in his production tests. This data shall be provided
as part of the evaluation required for MIL-STD-790. The manufacturer shall also
make available to the Government all records of all detatl test data resulting
from production tests.

4.5.1.2.3 Pe‘scted lots. If an inspection lot is rejected, the contractor may rewerk it 1o
correct the defects, or screen gut the defective units, and resubmit for reinspection. ZSesubmitted
lots shall be irspected using tightened inspection, Such ‘ots shall be separate from new lots, and
shall be clearl, izentified as reinspected lots.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T18:37Z
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TABLE I1. Group A inspection.

Non-ER ER
. , Test AQL (percent AQL {percent
Inspection R:gg;rﬁgegt method defective) defective)
grap paragraph
Major Mingr Ma jor Minor
Subgroup 1 -
Burn-1n iER styles
only) - - - =« ~ - 3.6 4.6.3 Not applicable
0C leakage 1/ - - - 3.7 4.6.4 100%
Capacitance - - « - 3.8 4.6.5 .65 1.5 inspection
ESR = - = - = = - - 3.9 4.6.6
Subgroup 2
DC Teakage (High test
Temperature) - - - 3.7 4.6.4 Hot applicable .65 1.5
Subgroup 3
Visual and mechanical
inspection: - - - 3.1,3.4, 4.6.2
Design and k3.4
construction - - 3.5 4.6.2 1.0 4.0 1.0 4.0
Marking 2/ = - - 3.3 4.6.2
Workmanship - - - 3.32 4,6.2

1/ 0C leakage for ER styles im subgroup 1 to be at room temperature only.
2/ Marking defects are based on visual examination only.
4.5.1.3 Group B inspection. Group B inspection shall consist of the inspections specified in

table 111, in the order shown, and shall be made on sample units which have been subjected to and
have passed the group A inspection.

TABLE III. Group B inspection.

Requirement Test
inspection i paragraph method
paragraph
Subgroup 1
Saiderability (capacitors with
wire-lead terminals) - - = = = = = o -= n 4.6.8
Terminal strength - - = = = = = = « o = & 3.12 4.6.9
Stability at reduced and
high temperatures - - - - - = = « « « - 3.13 4.6.10
Subgroup 2 i
Life (250 hours) (non-ER only) =« = - = = = 3.14 4.6.11.2.1
Subgroup 3
Reverse voltage aging (all polarized
StYies) - - « - - - - - e e e e e o oo 3.30 4.6.27

4.5.1.3.1 Sampling plan. For subgroups 1 and 2, the sampiing plan shall be in accordance with

MIL-STD-105 for special inspection level $-4; the AQL shall be 1.5 percent defective. For subgroup 3,
the sample units, as applicable, see below, will be subjected to the test with one failure permitted.
If_one failure does ocurr, a second group of sample units will be subjected to the test with no
failures permitted. HNo failures by shorting will be allowed. Sample units shall rot be shippead on
contract or orders,

For styles CU12, CU13, and CURI3 - 10 sample units

For styles CU16, CU17, CUR17, and CUR1% --6 sample units

A11 other polarized styles - 3 sample units

i
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4.5.1.3.2 Rejected lots. If an inspection lot is rejected, the conmtractor may rework it to
correct the defects, or screen out the defective units, and resubmit for reinspection. Resubmitted
Jots shall be inspected using tightened inspection. Such lots shall be separate from new lots, and
shall be clearly identified as reinspected lots.

4.5,1,3.3 Disposition of sample units. Sample units subjected to subgroups ! and 3 of group B
inspection shaTl rot be deliveéred en the contract. Sample units subjected to subgroup 2 of group B
inspaction may be shipped on the contract provided all sample units are resubmitted to group A
inspection and pass.

4.5,2 Periodic inspection. Periadic inspection shall consist of group C. Except where the
results of these inspections show noncompliance with the applicable requirements (sese 4.5.2.1.3},
dalivery of products which have nagsad grouns A and R <hall not he dn]aupd nFnd1nn the results af

Qi svea § LlLs FRs ST L=t L Salil2y

these per1od1c inspections.

4,5.2.1 Group € inspection. Group  inspection shall ccnsist of the inspections specified in
table [V, in the order shown.

4.5.2.1.1 Sampling plan. Every 2 months, the inspectiors shall consist of subgroups 1, 2, and
3. Every & months, the inspections shall consist of subgrouvps 4 through 9. Sampiing shail be as
follows:

a, Every 2 months, sample units from production including those with the largest
capacitance voltage product per case size shall be selected at random from
each style in production that has passed group A inspectien.

b. Every 6 months, sample units to be subjected to the tests of subgroups 4,5,7.8,
and 9 shall be selected at random from units that have passed the group A
inspection. Sample units to be subjected to the test of subgroup & shall be
randomly selected every 6 months,including units of the largest capacitance
value in each style {insulated or unfnsulated}, and voltage group that have
passed the group A inspection and subgroup 2 of the group B inspection.

¢. When the samples are selected, the contractor shall review all selections made

‘ within the oreceding 12 months in order to assure that all styles in production
have hesn drawn into the A-manth testing Drogram.
4.5.2.1.2 Disposition of sample units. Sample units subjected to group £ inspection shall not
be delivered on the ¢ontract.

4.5.2.1.3 Noncompliance. If a sample fails to pass group C inspection, the manufacturer shall
notify the qualifying act1vity and the cognizant inspection activity of such fai]ure and take
corrective action on the materials or processes, or both, as warranted, and on all units of produc
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 to the same failure.
Acceptance and shipment of the product shall be discontinued until corrective action, acceptable

to the qualifying activity has been taken. After the corrective action has been taken, group C
inspection shall be repeated on additional sample units {ali inspection, or the inspection which the
original sample failed, at the option of the qualifying activity). Groups A and B inspection may be
reinstituted; however, final acceptance and shipment shal]l be withheld uatil the group C inspection
has shown that the corrective action was successful. [n the event of failyre after reinspection,
information concerning the failure shall be furnished to the cognizant inspection activity and the
qualifying activity.

4.5.3 Packaging inspection. The sampling and inspection of the preservation-packaging, packing
and container marking shall be in accordance with the requirements of MIL-C-39028.

4.6 Methads of inspection.

4.6.1 Test criteria.

4.6.1.1 AC measurements. AC measurements shall be made at a frequency of 120 :5 Hertz {
The magnityde of the ac voltage shall be limitad ta 1.0 volt ront.mean-snuars, The maximum

== oot sQuar wm

bias voltage shall be 2.2 volts for all ac meaSuremEnts

).

Hz
dc

4.6.1.2 Reference measurements. When requirements are 2ased on comparative measurements made
before and after conditioning, the reference measurement shall be considered the last measurement
made at 257 :5°C prior to conditioning. Unless reference m2asurements have been made within 30 days
prior to the beginning of conditioning, they shall be repeated.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T18:37Z
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TABLE IV. Group C inspection.
Inspection Reguirement Test MNumber of Number of
paragraph method sample units failures
paragraph _to be allowed 1/
inspected Nom—ER ]
Subgroup 1
Shock {specified pulse) - - - - - 3.16 4.6.13
Vibration « - - - - - - - - - - 3.17 4.6.14 - )
Salt spray (corrosion) 6 1 1
(not applicabie to siyles
CU81 and CURBY) - - - - - - 3.18 4.6,15 J
Thermal shock and immersion - - - 3.19 4.6.16 -
Subgroup 2
Surge voltage - - - - - - - - = 3.20 4.6.17
vent {when specified, 6 1 1 1
see 3.1) - - - - - =« <« =~ .2 4.6.18
Subgroup 3 .
Penetration of solvents 2f ?1
(wire lead terminal
styles only) - - = -« « = 3.29 4.6.26 6 0} 0
Subgroup 4
Moisture resistance - = = = = = 3.22 4.6.19 12 1 1
. Subgroup 5
Barometric pressure (reduced) - - 3.24 4.6.21 6 1 1
High temperature exposure - - = - 3.25 4.6.22 )
P “
Subgroup 6
Life (1,750 hours} (non-ER
only) - = « = « = = = - - == 31.14 4.6.11.2.2 12 1 -
Life(10,000 hours} (ER only) - - 3.4 4.6.11.2.3 12 N/A 1
4/
Subgroup 7
Reverse voltage Estyles cui2,
Ccut3, CUR13, CUls, CU17, and
CURtZ enly) - - - - - - - - - 3.26 4.6.23 6 1 1
Subgroup 8
High temperature verification
{styles CU12, CU13, CUR13, CU14,
cuts, <16, CU17, CURIZ,
CURI9 only) - - = =« = « = = 3.27 4.6.24 24 1 1
Subgroup 9
AC verification Esty1e 3/
CURST oniy} - - - = - - = - 3.28 4.6.25 i2 N/A 1

1/ A sample unit having one or more defects shall
2/ One failure per sample of 12 units at 85°C and

is allowed.

) [
3 X

gach voltage group ever

tested.

© 4.6.2 Visual and mechanical inspection.

be considered as a single failure.
one failure per sample of 12 units at 125°C

Capacitors shall be examined to verify that the

1
4/ MNumber of allowable failures may vary depending on the failure rate level of the part being

materials, design, construction, physical dimensions, marking, and workmanship are in accordance
with the applicable requirements {see 3.1, 3.4 to 3.5.2 incl, and 3.31 to 3.32.1 incl).

4.6.2.1 TInternal examination {see 3.4.2),

separater shall be unroiled for a visual examinatiaon of the internal construction.

Capacitors shall be opened and the foils and

The entire

interiar, including foils, tabs, and contact foils of tab to roll, shali be examined for corrosion.
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.‘\

4.6.3 Burn-in (ER styles oniy)(see 3.8). Capacitors shall be subjected to 100 percent of the

dc rated voltage at the high ambient test temperature for 48t3 hours. [Ourimg this test, capaciters

shall be adequately protected against temporary voltage surges of 10 percent or more of the test
voltage.

A &
.0

4.6.4.1 For qualification inspection. ODC leakage shall be measured with appropriate rated
voltage (see 3.1) appiied 5 = 1/2 minutes after capacitors have reached the rated voltage across
the terminals.

4.6.4.2 For quality conformance inspection. BC leakage shall be measured with the appropriate
rated voltage (see 3.1] applied at room temperature and at the applicable maximum high temperature
5+ 1/2 minutes after capacitors have reached the rated voltage acress the terminals.

4.8.5 Capacitance (see 3.8). Capacitance shall be measured in accordance with methed 305 of
MIL-5TD-202. The foilowirg details shall apply:

a. Test frequency - 120 25 Hz.
b. Limit of accuracy - Measurement accuracy shall be within £2 percent of the reading.
C. Magnitude of polarizing voltage - As specified in 4.6.1.1.

4.6.6 ESR {see 3.9). ESR shall be determined by a polarized capacitance bridge. Instrument
measurement accuracy shall be within =2 percent (see 4.6.1.1}.

4.6.7 Low temperature expasure {see 3.10). Capacitors shall be exposed for 48 hours at the

L)
applicable low temperature fg,c with no voltage applied. After exposure, the capacitors shall be

returned to room ambient conditions and the dc teakage, cupacitancé, and ESR shall be measured as
specified in 4.56.4, 4.6.5, and 4.6.6, respectively. . .
4.6.8 Solderability (capacitors with wire-lead terminals anly) {see 3.11). Capacitors shall .

be tested in accordance with method 208 of MIL-STD<202Z. 71he following details shall apply:

a. The number of terminations of each part to be tested - Two,(four for CURI9}.
b. Depth of immersion in flux and solder - Leads shall be immersed to within 1/8 inch
of the eyelet or seal, or lead weld, or case.

4.6.9 Terminal strength (see 3.12}. A1l capacitors shall be tested in accordance with 4.6.9.1
and when specified {see 3.T), in accordance with 4.6.9.2 or 4.6.9.3.

4.6.9.1 Pull test. Capacitors shall be tested in accordance with method 211 of MIL-STD-202.
The following details shall apply:

a. Test condition - A,
b. Method of holding - The body of the capacitor shall be secured.
¢. Applied force - 3 pounds.

4.6.9.2 Twist test. Capacitors shall be tested in accordance with methad 211 of MIL-STD-202.
The following details shall appty:

2. Test condition - D.
b. Number of rotations - Three,

4.6.9.3 Torgue test [threaded terminals only}. Capacitors shall be tested in accordance with

method 217 of MIL-5TD-202. The following details shall apply:

T

a, Test
b. To

qu

specified see 3.1,

s
r

After the test(s), capacitors shall be visually examined feor loosening of terminals and permanent
damage to the terminal aor terminal solder, as applicable.
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4.6.10 Stability at reduced and high temperatures (see 3.13). The measurements specified in
table V shall be made in the order shawn. 1he capacitors shail De brought to thermal stability
before the measurements are made. Thermal stability will have been reached when no further change
in capacitance is observed between two successive measurements taken at 15-minute intervals.

TABLE ¥. TYemperature and measurement for stability

tests at reduced and high temperatures.

Test
Step Temperature Measurement Requirement method
{*c) paragraph paragraph
1 25 15 DC leakage 3.7 4.6.4
Capacitance 3.8 4.6.5
ESR 3.9 4.6.6
2 -55 *2 Impedance 3.13 4.6.10.1
&
{or as specified Capacitance 3.8 4.6.5
see 3.1)
3 25 125 DC Teakage 3.7 4.6.4
Capacitance 3.8 4.6.5
ESR 3.9 4.6.6
4 Applicable maximum DC leakage 3.7 4.6.4
high temperature Capacitance 3.8 4.6.5
+3 ESR 3.9 4.6.6
-0 {as specified,
seg 3.1).
5 25 5 0C leakage 3.7 4.6.4
. . Capacitance 3.8 4.6.5
ESR 3.9 4.6.6
4.6.16.1 Impedance (see 3.13). Impedance shall be measured at -55 fg:c (or as specified,

see 3.i) in accordance with 4.6.1.1. The application of voltage shall be such as to cause no
readable change in impedance due to the change in temperature of the capacitor. Measurement
accuracy shall be within =5 percent.

4.6.11 Life (see 3.14).
4.6.11.1 For gqualification imspection. Capacitors shall be tested in accordance with method
108 of MIL-STD-202, test condition F (2,000 hours). The following details shall apply:
Distance of temperature measurements from specimens, in inchas - Not applicable.

a.
b. Method of mounting - Capacitors shall be mounted by normal mounting means.
. Test temperature and tolerance - A1l capacitors shall be tested at

35°ig: or }osﬂ*g:c as applicable. For capacitors covered by MiL-C-3%018/1 and

MIL-C-39018/2, a quantity of capacitors equal to the quantity tested at 85°C
shall be tested at 125°C.

d. Operating conditions - OC rated voltage {see 3.1) shall be applied gradually
(not to exceed 5 minutes either by a siow build-up of the voltage or through a
resistar which shall be shorted out within 5 minutes). Voltage shall be applied
continuously except for measuyrement periods. During the life test of capacitors
covered by MIL-C-39018/2, the applied valtage shall be reversed at regular
intervals. A specific number of hours between intervals shall be chosen. The
interval shall be between 95 and 125 hours, and once established, shall remain
the same throughout the test. The voltage shall be reversed gradually over a
period not exceeding 5 minutes.

e. HMeasurements after exposure - Capacitors shall be returned to room ambient
conditions and dc Teakage, capacitance, and ESR shall be measured as specified
in 4.6.4, 4.6.5, and 4.6.6, respectively. Capacitors shall then be examined for
evidence of mechanical damage, obTiteration of marking, and leakage of electrolyte.

15
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4.6.11.3.1 Following 2,000-hour gualification inspection (ER styles only). Sample units that
have been subjected to 2,000 hours of Tife test as specified in 4.6.11.1 shall remain on test for

72
0.0

an additional &,00 hours; measurements after compietion of <he 10,000 hour life test time
shall be as specified in 4.6.11.7e.

4.6.11.2 For quality conformance inspection.

4.6.11.2.1 Performance check [non-ER}. Capacitors shall be tested as specified in 4.6.11.1,
except that test condition B (25G hours] is applicable.

4.6.11.2.2 Continuation test (non-ER). Capacitors which have been subjected to the 250-hour
performance-check test {see 3.5.11.2.1) shall be tested for an additional period of 1,750 hours in
accordance with 4.6.11.

4.6.11.2.3 10,000-hour group C test (ER). Except as specified in the following, capacitors
are s

shall be tested as specified in 4.6,
a. Test duration - 10 000 36 hours.
b. Measurements during exposure - Hot DC leakage shall be measured during the first
hour of exposure and then at 240 tgg‘ 1,000 téa. 2,000 téz, and every 2,000 +72

hours thereafter to 10,000 nours. DU leakage capacitance and ESR at 25° will be
measured a. 0, 240, 2,000, and 10,000 hours.

¢. Measurements after exposure - In accordance with 4.6.11.1e.

d. Test temperature -~ 85°C, :

4.6.12 .Case insulation (insulated capacitors only)(see 3.1%).

4.6.12.1 Dielectric withstanding voltage. Capacitors shall be tested in accordance with
method 301 of MIL-510-202. The foilowing details and exceptions shall apply

2. Magnitude and nature of test volitage - 2,000 volts, dc

b. Duration of application of test voltage - 60 *5 seconds.

c. Points of application - Between a strip of metal foil 1/4 £1/64 inch wide
(placed aroynd the s]eeve) and the capacjtor case.1‘

.......... Edman mamd b hal ha udpiia vy

txamination after test - bﬁpu\. LGS Sndiy o Vidua

at the sleeve.

[~

4.6.12.2 Insulation resistance. Insulation resistance shall be measured in accordance with
method 302 of MIL-5TD-20Z. The following detaits shall apply:

a. Test condition - A (100 volts)

h- "U lnLh Ul’ measur CIIIEI!L - DC LWeEn a t
{placed around the sleeve) and the ca

4.6.13 Shock (specified pulse) (see 3.16). Capacitors shall be tested in accordance with
method 213 of MIL-S10-202. 1he foilowing details and exceptions shall apply:

a. Special mounting means - Capac1tors shall be rigidly mounted on a mounting fixture
by the body. Leads shall be secured to rigidly supported terminals, so spaced
that the length of each lead from the capacitor is approximately 3/8 inch when
measured from the edge of the supporting terminait. (eads shall be within 30 degrees

of being parallel. When securing leads, carg should be taken to avoid pinching

the leads.
b. Test condition - [, unless otherwise specified {see 3.1).
¢. Measurement and electrical load1ng during shock - ODC rated voltage shall be
appiied to the capacitor during test. Qbservations shall alsc be made to determine

intermittent contact , arcing , open or short-circuiting. Detecting equipment
shall be sufficiently sensitive to detect any interruption of 0.5 ms ar greater
duration.

d. Examination after test - Capacitors shall be visuzlly examined for evidence of
arcing, breakdown, mechanical damage, and leakage of electrolyte.

4.6.14 vyibration {see 3.17}. Capaciters shall be tested as specified in 4.6.14.1 ¢r
4.6.14.2, as specified (see 3.1).
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4.6.14.1 Low frequency. Capacitors shall be tested in accordance with method 201 of MIL-STD-202.
The following details and exceptions shall apply:

Tests and measurements prior to vibration - Not applicable.

Method of mounting - Securely fastened by normal mounting means.

Duratfon of vibration - 1-1/2 hours.

Direction of motion - 45 minutes in each of two mutually perpendicular directions,

one parallel and the other perpendicular to the cylindricail axis.

e. Measurements during vibration - During the last 3 minutes of vibration in each
direction, an electrical measurement shall be made to determine intermittent
contacts or open- or short-circuiting. Detecting equipment shall be sufficiently
sensitive to detect any interruption of 0.5 ms or greater duration.

f. Examination-after test - Capacitors shall be visually examined for mechanical

damage and leakage of electrolyte.

O M oW

4.6.14.2 High frequency. Capacitors shall be tested in accordance with method 204 of
MIL-STD-202. The following details and exceptiems shall apply:

a. Mounting - Body of the capacitor shall be rigidly mounted to the vibration test
apparatus.

b. Test condition - B {15G), unless otherwise specified (see 3.1).

¢. Duration and direction of motion - 4 hours in each of two mutually perpendicular
directions (total of 8 hours) one parallel and the other perpendicular o the
cylindrical axis.

d. Measurements - During the last 30 minutes in each direction, an electrical
measurement shall be made to determine intermittent contacts or open- or short-
circuiting. Detecting equipment shall be sufficiently sensitive to detect any
interruption of 0.5 ms or greater duration.

e. Examination after test - Capacitors shail be visually examined for mechanical
damage and leakage of electrolyte.

4.6.35 5alt spray {corrgsion){not applicable to_styles CUSI and CURBI){see 3.18). Capacitors
shall be tested in accordance with method 1Gi, test condition B (48 hours), of MIL-5TD-202. After

- this test, capacitors shall be visually examined for evidence of corrosion and other defects that

will affect life or serviceability, for unwrapping of and mechanical damage to case insulation
{when applicable}, and obliteration of marking.

4.6.16 Thermal shock and immersion (see 3.19).

4,6.16.1 Thermal shock. Capacitors shall be tested in accordance with method 107 of
MIL-5TD-202. The following details and exceptions shall apply:

a. Conditioning prior to first cycle - For a period of 15 minutes at room ampient

temperature.

b. Test condition - A, except that in sgep 3, sample units shall-be tested at the
applicabie maximum high temperature (see 3.1).

€. Measurements before and after cycling - Not applicable.

4.6.16.2 Immersion cycling. Following thermal shock, capacitors shall be tested in accordance
with method 104 of MIL.S5TD-202. The following details and exceptions shall apply:

a, Test condition - B, with the addition of a noncorrosive dye, rhodamine B
{tetraethylrhodamine or equivalent), added to both baths.

b. Temperature of cold bath - 0° *g,C.
c. Duration of each immersion - 30 minutes. Change from one solution to the other

shall be made in not more than 3 seconds.

4. Measurements after cycling - Between 30 minutes and 4 hours after removal from
the jmmersion bath, dc leakage, capacitance, and ESR shall be measured at room
ambient conditions as specified in 4.6.4, 4.6.5, and 4.6.6, respectively. When
applicable, case insulation shall be tested as specified in 4.6.12.

e. Examination after test - Capacitors shall be visually examined for evidence of
corrosion (see 3.18), mechanical damage, and obliteration of marking. Capacitors
shall also be examined for leakage of electroiyte, and shall then be opened and
examined for evidence of penetration of dye. Internal materials that do nat
pick up visual amounts of the dye shall be observed under ultraviolet light.

17
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4.6.17 Surge voltage {see 3.20). Capacitors shall be subjected to 1.000 cycles of the dc
surge voltage specified {see 3.7}, Non-polarized styles shall be sybjectsd to 1,000 cycles in each
direction. The ambient temperature during cycling shall be the applicable maximum high temperature
{see 3.1). Each cycle shall consist of a 30-second surge voltage application, followed by a 5-1/2
minute discharge period. Voltage appiication shall be made thraough a resistor (of 1,000 =100 ohms
for capacitance values of less than 2,500 uF and 100 210 ofms for capacitance values of 2,500 uF and
greater) in serjes with the capacitor and the vcltage source. FEach surge voltage cycle shall be
performed in such a manner that the capacitor is discharged thrcugh the resistor at the end of the
30-second application, The test shal] be termirated on the discharge partion of the cycle. After
the last voltage application ¢ycle, capacitors shall be stabilized at the inspection conditions
specified in 4.6.1 and the dc leakage, capacitance, and ESR shall be measured as specified in
4.6.4, 4.6.5, and 4.6.6, respectively. After the test, capacitors shall be visually examined for
evidence of mechanical damage or leakage of electroiyte.

4.6.18 Vent {styles CU71, CUR7!, Cu8l, LURA1, and CURYY only). Capacitors shall be subjected
to the application of a constant reverse current (dc} of 10 =0.5 amperes for 30 +] minutes. The
vent shall operate within the time period of current application. If the capacitor cpens or short-
circuits and the vent has not operated, additicnal capacitors shall be selected and subjected to
this test.

4,6.19 Moisture resistance (see 3.22)., <{apacitors shall be tested in accordance with method 106
of MIL-570-202. The roilowing details and exceptions shall apply:

a. Mounting - Rigidly mounted by normal mounting means (see 3.1}, except during
measurements.

b. Initial measurements and cenditioning - Not apoiicable.

¢. Polarization voltage - Not applicable

d. Loading voltayc - Mot applicable,

e. Final measurements - After the final cycle and within 2 to 6 hours after removal
of capacitors from the humidity chamber, dc leakage, capacitance, and ESR shall
be measured at room ambient conditions as specified in 4.6.4, 4.6.5, and 4,6.6,
respectively. When applicable, case insulation shall be tested as specified in

. 4.5.12. :
f. Examinations after test - Capacitors shall be visually examined for corrosion,

mechanical damage, and obliteration of marking. Capacitors shall also be examined
for leakage of electrolyte.

4.5,20 Funcys [see 3.23). Capacitors shall be tested in accordance with method 508 of
MIL-5TD-810. Fretest and post-test measurements are not required.

4.6.21 Barometric pressure [reduced){see 3.24). Capacitors shall be tested in accordance with
method 105 of MIL-5TD-202. The following details and exceptions shall apply:

a. Method of mounting - By normal mounting means.
b. Maximum pressure - 0.82 inch of mercury (equivalent to 80,000 feet).
c. Test dyring subjection to reduced pressura - At the end of the conditioning period,
with the capacitors still at reduced pressura, the dc rated voltage {see 3.1)
shail be applied for 1 minute +5 seconds.
Exposure time prior to measurements - 5 minutes.
e. Test after subjection to reduced pressure - Capacitors shall be visually examined
for evidence of mechanical damage, obliteration of marking, leakage of electrolyte,
and indications of flashover and breakdown.

a

4.6.22 High temperature exposure {see 3.25). Unless otherwise specified (see }.1), capacitors
shall be stored far 500 *8 hours in a forced-air oven at the applicable maximum high temperature
+
(%
be removed from the over and returned to and stabilized at room ambient conditions. OC ?eakqge.
capacitance, and ESR shall then be measured as specified in 4.3.4, 4.6.5, and 4,6.6, respectively.
Capacitors shall be examined for evidence of mechanical damage, and for leakage of electrolyte. Two
capacitors shall then be subjected to the internal examination specified in 4.6.2.7 {see 3.4.2).

:C) (see 3.1) without any application of voltage. After the storage period, the capaciters shall
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4.6.23 Reverse voltage {styles CU12, CU13, CURM3, CUI6, CUT7, and CURI? only){see 3.26}. Unless
otherwise specified {see 3.1}, capacitors shall be subjected to the specified dc test voltage
(see 3.1} applied in the reverse polarity direction for 125 #5 hours, and to the dc rated voltage
applied in the forward polarity direction, for an additional period of 125 #5 hours. The ambient

P-4
temperature during the tests shall be the applicable maximum high temperature :B,C) (see 3.1}.

After the last 125-hour period, the capacitors shall be raturned to rgom ambient conditions and
the dc Teakage, capacitance, and ESR shall be measured as specified in 4.6.4, 4.56.5,and 4.6.6,
respectively.

4.6.24 High temperaturs verification {styles 102, LUT3, CUR13, C114, CUIS, CUIS, CUIZ, CUR17,
and CURIQ)(see_3;gZ). Capacitors shall be tested at the appiicable temperature and voltage

{see 3.1), for 2,000 féz hours. Capacitors shall be returned to room ambient conditions and dc
leakage, capacitance and ESR shall be measured as specified in 4.6.4, 4.6.5, and 4.6.6, respectively.

4.6.25 AL verification (sty]é CUR91 only){see 3.28). Capacitors shall be exposed to the voltage

and frequencies specified (see 3.1) at 105°C for 2,000 féz hours. Capacitors shall be returned to

room ambient conditions and d¢ leakage, capacitance, and ESR shall be measured as specified in
4.6.4, 4.6.5, and 4.6.6, respectively.

4.6.26 Penetration of solvents (when specified, see 3.1}{see 3.29). <{apacitors shalil be
immersed in Oupont type TF soivent, or equivalent, at 25°C for 4 hours minimum, followed by exposure
at BS°C or 125°C for 250 hours minimum with rated voltage applied. Following exposure, capacitors
shall be stabilized at the inspection conditions specified in 4.6.1 and the dc leakage, capacitance,
and ESR shall be measured as specified in 4.6.4,4.6.5, and 4.,6.6, respectively. After the test,
capacitors shall be visually examined for evidence of mechanical damage and leakage of electrolyte
{5ee 6.6). o .

4.6.27 Reverse voltage aging (all pelarized styles }(see 3.30). Capacitors shall be subjected

to 1.5 volts applied in the reverse polarity direction for 96 tg hours at maximum rated temperature

with 10 ohms maximum impedance. Capacitors shall be returned to 25°C and surge valtage shall pe
applied in a forward direction for a period of 2 hours minimum to 24 hours maximum. Impedance for
capacitance values of less than 2500 pF is 1000 ohms maximum and 100 ohms maximum faor capacitors
values of 2500 uF and greater. DC leakage shall then be measured at rated voltage as specified in
4.6.4. Capacitors shall be examined for evidence of mechanical damage and for leakage of the
electrolyte, ‘

4an
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5.1 Packaging shall be in accerdance with MIL-C-39028. (see 6.1.1)}.

6. NOTES

6.1 Intended use. Aluminum oxide electrolytic capacitors are intended for use in filter and
bypass applications where large capacitance values are required in small cases and where excesses
of capacitance over the nominal value can be tolerated. For polarized capaciters, the applied ac¢
peak voltage should never exceed the applied dc voltage; the sum of the applied ac peak and dc
voltages should never exceed the dc rated voltage (sge 3.0,

6.1.1 Application of packaging.

6.1.1.1 Shipments to Government activities. The packaging requirements of this specification
are primarily intended for the preparation of capacitors for shipment to Government activities.

£.1.1.2 Shipments of ER capacitors f{o Government contractors and manufacturers' distributors.
Federal Standard No. 356, Commercial Packaging of Supplies and Equipment, should be specified for
ithe pachaging of ER capacitors shipped to Government contractors and subcontractors and to category
A and B distributors as defined in MIL-STD-790. The marking of the unit containers shouid not be
reguired provided the intermediate containers are marked.
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6.2 0Ordering data. Procurement documents should specify the following:

a. Title, number, and date of this specification.
b. Title, number, and date of the applicable specification sheet, and the complete part
number (see 3.1).

6.3 Qualification. With respect to products requiring qualification, awards will be mage only
for products which are at the time set for opening of bids, qualified for inclusicn in the applicable
Qualified Products List whether or not such products have actually been so listed by that date. The
attention of the contractors is called to these requirements, and manufacturers are urged to arrange
to have the products that they propase to offer to the Federal Government tested for gualification
in order that they may be eligible to be awarded contracts or crders for the products covered by
this specification. The activity respensible for the Qualified Products List is the Naval
Electronic Systems Command; however, information pertaining to qualification of products may be
cbtained from the Dafense Electronics Supply Center (DESC-£), Dayton, Onhio 45444, Application for
qualigication tests shall be made in accordance with “Provisions Governing Qualification" (see
6.3.1).

6.3.1 Copies of “Provisions Governing Qualification” may be obtained upon application to
Commanding Officer, Maval Publications and Farms Center, 5801 Tabor Avenue, Phiiadelphia, Pennsyl-
vania 19120.

6.4 Standard capacitor types. Equipment designers should refer to MIL-STD-198 for standard
capacitor types and seiected values chosen from this specificazion. MIL-STD-198 provides a
sglection of standard capacitors for new equipment design.

6.5 Cleaning solvents. Recommended solvents include all those free of halogen or halogen
groups; such as toluene, menthanol, methyl cellesolve, alconox and water, and naphtha. Chlgrinated
or fluorinated hydrocarbon solvents are prohibited.

6.6 Ripple voltage and ac ripple current. Ripple voltage and ac ripple current are calculated
in accordance with appendix B and as specified (see 3.1). : :

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

Custodians: Preparing activity:

Army - EL Navy =~ EC

Navy =~ EC .

Air Force -~ 11 Agent:

OLA - ES

Review activities:

Army - EL Project 5910-1185)

Navy = SH

Air Force - 11, 17, 806, 99

OLA - ES

User activities:
Navy - (G, MC,AS, 05
Air Force - 19
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PROCEDURE FOR QUALIFICATION INSPECTION
10. SCOPE
10.1 Scope. This appendix details the qualification-submittal plans for capacitors to be
subjected to the qualification inspection specified in this specification. These plans specify
the sample size, sampling criteria, and 1imits of coverage for the type of qualification sought.

10.2 Qualification categories. Qualification shall be categorized as follows:

Category'A - Qualification shall be in accordance with the reguirements of this
specification.

2HEC Let

20. SUBMISSION

20.1 Sample.

20.1.1 Single-type submission. A sample consisting of 61, 67, 73, 89, 112, 115, or 155 as
applicable {see table 1), sample units of each style in the highest capacitance value in the
voltage rating for which qualification is sought shall be submitted. The capacitance tolerance
shall be the same for all submitted samples.

20.1.2 Voltage-group submission. A sample group as specified (see table VII), of the highest

: imalkl camnlae nf +ho binhact Fanapitanca

capacitance value in the lowest voltage rating as applicable, samples of the highest capacitance
value in the highest voltage rating for which quaiification within each voltage group is saught’
shall be submitted. Separate submissions shall be made for each voltage group. Styles covered by
different specification sheets shall not be combined. Examples of voltage group submission are
listed in table VII.

20.2 Test data. When inspectiornrare to be performed at a Government laboratory, prior to
submission, all sample units shall be subjected to all of the nondestructive tests in table I.
Each submission shall be accompanied by the test data obtained from these examinations and tests.
The performance of the destructive examinations and tests by the manufacturer on a duplicate set

of sample units is encouraged, although not required. All test data shall be submitted in duplicate.

20.3 Certification of material. When submitting samples for qualification, the manufacturer
shall submit certification, in duplicate, that the materials used in his components are in
accordance with the applicable specification requirements.

20.4 Description of items. The manufacturer shall submit a detailed description of the
capacitors being submitted for inspection including information on the type of welds or solder
buttons, the type of electrodes, the type of seals {inner or outer, as applicable}, the case and
lead materials, the case insutating material {when applicable}, and the case finish.

30. EXTENT OF QUALIFICATION - .

30.1 Single-type submission. Capacitance qualification will be restricted to values equal to
and less than the capacitance value in the style and dc rated voltage submitted. Capacitance
tolerance qualification will be restricted to the capacitance submitted. Capacitance tolerance
qualification will be restricted to the capacitance tolerances equal to or wider than the tolerances
submitted.
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30.2 Voltage-group submission. Qualification of the type: submitted will be a basis for
qualification of all intermediate veltages of the voltage group submitted. Capacitance qualifica-
tion for each voltage submitted will be restricted to the capacitance values equal to and less than
the capacitance value submitted. For intermediate voltages in the same voltage group, capacitance
qualification will be restricted to capacitance values equal 1o and less than the higher capacitance
values submitted. Capacitance tolerance qualification will be restricted tc the tolerances equal
to and wider than those submitted. Qualification of an insulated style will be the basis for
qualification of the uninsulated style from the same specification sheet.

TABLE VI. Vpltage groups.

For Qualification and Maintenance For Maintenance of Qualification
of Qualification for subgroup 3 of for the remainder of the Specifi-
Group 8. cation
Group Mumber | Voltage rating (at 85°C Group Humber | Voltage rating (at 85°C
or 105°C) or 105°C!
I 5-5¢ I 5-100
11 75-280 11 150-350
111 300~-350

TABLE viI. Examples of voltace group submission.

Types to be submitted Nuantity wher qualificatien is sought for

. M39018/01-0406 27 Styles CU12 and CUY3. All capacitance values in
M39018/01-0606 28 all voltage ratings of voltage group 1.
M39018/01-~0438 27
M39018/01-0638 28
M39018/01-0445 27 Styles CU12 and CU13. A1) capacitance values in
M39018/01-0645 28 all voltage ratings of voltage group II.
M39018/01-0474 27
M39018/01-0674 28
M39018/01~0481 27 Styles CLU12 and CU13. A1l capacitance values in
439018/01-6681 28 all voltage ratings of voltage group III.
M39018/01~0488 27
M39018/01-0688 28
M39018/01-1005M 66 Style CUR13. A1l capacitance values in all
M39018/01-1038M 66 voltage rating of voltage group I.
M39018/01-1045M 66 Style CUR13. A1l capacitance values in all
M39018/C1~1074M 66 voitage rating of voltage group [I.
M38018/01-1081M 66 Style CURT3. A1l capacitance values in all
M39018/01-1088M 66 voltage rating in voltage group III.
M39018/02~0404 26 Styles CU14 and CU15. A1l capacitance vaijues in
M35018/02-0604 26 ali vpltage ratings of voltage groupl.
M39013/02-0423 26
M39018/02-0623 26
M39018/02-0428 26 Styles CUT4 and CU15. ATl capacitance values in
M39018/02-0628 26 all voitage ratings of voltage group II.
M3I9G18/02-0446 26
M39018/02-0646 26
M38018/03-0409 27 Styles CUI6 and CUI7. A7 capacitance values
M39018/03-0609 28 in all voltage ratings of voltage group 1.
M19018/03-0442 27
M39018/03-0699 28
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TABLE VII. Examples of voltage group submission - Continued.

@

Types to be submitted Quantity When qualification is socught for
M39018/03-0451 27 Styles CU16 and €17, A1l capacitance values in
M39018/03-0651 28 aill voltage ratings of voltage group II. -
M35018/03-0483 27
M39018/03-0683 28
M320718/03-0497 27 Styles CUT6 and CU17. A1l capacitance values 1in
#39018/03-0631 28 all voltage ratings of voltage group III.
M35018/03-0498 a7 )

M39018/03-0698 28

M39018/03-1009M 66 Style CUR17. A1l capacitance values in all
M39018/03-1099M 66 voltage ratings of voltage group I.
M39018/03-1051M 66 Style CUR17. Al] capacitance values in all
M39018/03-1083M 66 voltage ratings of voltage group If.
M39018/03-1091M 66 Style CURI7. A1l capacitance values in all
M33018/03-1098M 66 voltage ratings of voltage group IlI.
M39018/04 -0010 37 Style CU71. A1l capacitance values in all
M35018/04-1168 37 voltage ratings of voltage group }.
M39018/04-1188 37 Style CU71. A)7 capactiance values in al)
M39018/04-0086 .37 voltage ratings of voltage group II,
M39018/04-1303 37 Style CUTY. ANl capacitance values in all
M39018/04-0105 37 voltage ratings of veltage group III
M39018/04-2025M 48 Style CUR7Y. A1l capacitante values in all
M39018/04-2170M 48 voltage ratings of voltage group I.
M32018/04-2190M 4% Style CUR7T. All capacitance values in 411
M35018/04-2237M L1 voltage ratings of voliage group II.
1138078/04-2229M 48 Style CUR7Y. A1l capacitance values in 211
M39018/04-2259M 43 voltage ratings of voltage group III.
M39018/05-0004 37 Style CUBY. Al capacitance values in all
M39018/05-0036 37 voltage ratings of vpltage group !
M39018/05-1004M 48 Style CURB1. All capacitance vaiues in all
M39018/05-1036M 48 voltage ratings of voltage group I.
M39018/06-0020M 54 Style CUR91. Al1l capacitance values in all
M39018/06-0157M 54 voltage ratings of voltage group 1.
M39018/06-0177M 54 Style CURY1. A1l capacitance values in all
M39018/06-0213M 54 voltage ratings of voltage group 1I.
M33018/07-0012M 63 Style CUR19. A1l capacitance values in all
M39018/07-0095M 63 voltage ratings of voltage group I. u
M39018/07-0104M €3 Style CURT9, A1l capacitance values in all
#39018/07-0128M 63 voltage ratings of voltage group II.

(oM
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APPENDIX 8

PROCEDURE FOR CALCULATING RIPPLE VOLTAGE AND AC RIPPLE CURRENT

10. SCOPE

16.1 This appendix outlines the procedure for determining the maximum permissible ripple
voltage and maximum ac ripple current, as applicable {see 3.1},

20, METHCC

20.1 Ripple currents. For capacitors covered by MIL-C-39018/1, the maximum permissible ripple
currents can be determined from table VIII. For capacitors covered by MIL-C-39018/3, the maximum
permissible ripple currents can be determined from table IX. The appropriate multiplier from
table VI1I or IX should be used where operation at other frequercies or temperatures is desired.
Qperation of these cdpacitors outside the 1imits of 80 to 100,000 Hz is not recommended.

TABLE YIIT. Multipliers for MIL-C-39018/1 capacitors.
With 25°C a5°C 65°C 85°¢ 125°C
temperature 1.4 1.4 1.2 1.0 0.3
With 60 Hz 120 Hz 400 Hz 1 K thru 100 K
Hz
frequency 0-60 Volts’ .85 1.0 1.1 1.15
61-200 .83 1.0 1.1% 1.2
201-350 .80 1.0 1.3 1.4
TABLE I%. Multipliers for MIL-C-39018/3 capacitors.
With 25*C 45°C 65°C 85°C -—-
temperature 1.4 1.4 1.2 1.0 -——-
With 60 Hz 120 Hz 400 Hz 1 K thru 10C K
Hz
frequency 0-60 Volts .85 1.0 1.3 1.1%
61-200 .83 1.0 1.15 1.2
201-350 .80 1.0 1.30 1.4
24
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

{See Instructions — Reverse Side)

e

1. DOCUMENT NUMBER 2. DOCUMENT TITLE

3a. NAME OF SUBMITTING ORGANIZATION

b, ADDRESS (Street, City, State, ZIP Code)

14. TYPE OF ORGANIZATION (Mark one}

| | VENDOR
[] user

{ I MANUFACTURER
d

D OTHER (Specify):

5. PROBLEM AREAS

a Parsgraph Number and Wording:

.

¢. Aesson/Rationala for Recommandation:

Ta. NAME OF SUBMITTER (Last, First, MI) — Optional

b, WORK TELEPHONE NUMBER (Inciude Area
Coda) — Gptionat

c. MAILING ADDRESS (Street, Clty, State, ZIP Code) — QOptional

8. DATE OF SUBMISSION (YYMMDD)
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