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ie Sri Lanka Standard

SPECTITICATION WOR FIXED CAPACImO”ﬂ USED IN LLECTRONIC bQUIPITINT
PART 1 -~ GENERAL REQUiREMENTS

TOREVORD

This Sri Lanka Standard was authorised for adoption and %bJu10QthP by
the Council of the Sri Lanka Standards Institution on ..l8E, 85 0%
after the draft, finalised by the Drafting Committee on Fixed Capacitors
used in Electronic Woguipment, has been approved hy the Flectrical
Ingineering Divisional Committee.

This specification lays down the test methods and requirements for Jddglng
the clectrical, mechanical and physdeal proverties of c¢apacitors used in
electronic equipmontc

This specification which covers the peneral aspecls of eapacitors must be
referred to when other standards on snecific types of ganacitors are used.
Other standards to be prepared in parts of this standard will cover ”
different types of capacitors such as Ceramic dielectric, Polypropylono
film dielectric metal foill capacitors for direct current.

All values in this specification have been given in metric units,

Tor the purpose of deciding whether a particular reouirement of this
specification is complied with, the final valuc observed or calculated
"expressing the result of a test or obscrvation shall be rounded off in
‘accordance with CS : 102, The number of siymificant figures to be retained
in the rounded off values should be the same as that of the specified value
in this specification.

The assistance derived from the publications of the.International.
Electrotechnical Commission and Indian Standards Institution in the
preparation of this specification iz gratefully acknowleged.

1o  SCOPE

P e

This specification prescribes the general requirecments and methods of
test applicable to different typese of fixed dapacitors, intended for use
in electronic and other similar ecquinrent.
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Preferred number series for resistors and capacitors

A
IEC 68 Part 2 : Ba81c environmcntal pestlng procedure-
~ (This will be adopted as o Sri Lanka Standard)
CS 103 Preferred numbers
SLS  37L Standard atmospheric conditions for conditioning and testing
SLS 520 Marking Codes for resisiors and Copacitors
SLS 580"  Basic Environmental testing procedure

3o DEFIEITONS.

.

For the purpose of this specification the following definitions shall apply.
2o b;po]ar capacitor (for clec ctrolvtic capacitors) : An electrolytic
gapacitor designed to withstand an alternating voltaze and/or feversal of
the applied direct voltage.

3e2 d.Cocapacitor : A capa01t0r designed essentially for application with
1ternat1ng voltages.

23 _pulse capacitor : A capacitor for usc with pulses of current or voltage.

3.4 rated capacitance (Ch); The capacitance value for which the capacitor

has been designed and which is usuelly indicated upon it.

3.0 _caotegory temperature range :The range of ambient temperatures for which

the capacitor has becen desipgned to cperate continuously 3 this is defincd by
the temperature limits of the appropriate category. '

365, 1 _upper_ catogory tompgrature° The moaximuw ambient temperaturc for which

a capacitor has been desipgned to operate CQntLUWOU”JVo

3e05s2 lower category tomperﬂuure The minimum ambicnt %cmncrvturo for which
a capa01for has heen designod Lo operate continuously. ‘

3,6 rated temperature : The maximum ambient tempoerature at which the rated
voltage may be continuously applicd. ‘

3.7 _rated voltage (Vp) : The maximum dircct voltage or the moximmm Temss.
alternating voltage or peak value of pulse voltage which may be applied
continuously to a capacitor at any temperature between the lower category
temperature and the rated temperature.(sce 3.6)

3.8 ‘temperature derated voltnce :For any temperature between‘the rated

temperature and the upper category temperature, the temperature derated
voltage is the meximum voltage that may be Applled continuously to a
capacitor,.
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NOTE - Information on the voltage/tempcraturc depcendance at temperatures

between the rated temperature and the upper category temperature should, if
applicable, be given in the relevant standard specification,

3.9 surge voltage ratio : The gquotient of the maximunm instantancous voltage
which may be applied to the terminations of the capacitor for a specified
time at any temperaturc within the catepory temperature range and  the rated
voltage or the temperature derated voltage as appropriate.

The number of times per hour that this voltage mey be applied shall be
specified. ‘

270 rated ripple voltage: mye p,n.s, value of the maximun allowable
alternating voltage of a specified freguency superimposcd on the dsce
voltage at which the capacitor may be operated continuously at a specified
temperature, The sum of the direct voltape and the peak value of the |
alternating voltage or temperature derated voltoge as .. applicable..

D

3.0 category voltage : The maximum voltage which may be applied
continuously to a capacitor at its upper categorvy temperature.

3412 reverse voltage (for polar capacitors only): A voltage applicd to “the
capacitor terminations in the reverse polarily direction.

3,13 rated ripple current : The r.me.s. value of the maximum allowable
alternating current of a specified frequency,at which the capacitor moy be
operated continuously at a specified temperaturc.

3,14 time constant :The product of the insulation resistance and the
capacitance. It is normally expressed in sceonds.

3,15 tangent of loss angle (tan 8): The power loss of the capacitor divided
by the reactive power of the canacitor at a sinusoidal voltage of snecified
frequency. '

A}

3,16 self~healing ¢ The process by vhich the electrical properties of the
capacitory after a local breakdown of the diclectric,are rapidly and
essentially restored to the values before the breakdown.

3617 maximum temperature of a capacitor: The temperature at the hottest
point of its external surface, ‘

NOTE - The terminations are considered to be part of the external surfaces

3,18 minimum temperaturc of a capocitor : The temperature at the eoldest
point of its external surface,

NOTE~ The terminations are considered to be part of the external surface.
[N R 4

319 maximum storage temperature : The maximum permissible ambient temperature
which the capacitor shall withstand in the wneoperating condition without
damage. N

3620 minimum storage temperature : The mimimum permissible ambient temperature
which the capacitor shall withsfand in the none-operating condition without
damage. '

o..eotoe!'o.'.ﬁ/
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3e21 variation of capacitance with temporature 't The varintion of capacitance
with tempcraturo can be expressed in tvo wavs o

a) Temperature characteristic of capacitance.

b) Temperaturc coefficient of capacitance,

342741 temperaturc characteristic of capacitance: The term charccterizing
this property applies mainly to capacitors of which the variotions of capacitance
as a function of temperaturc, linear or none-lincar, cannot be expressed with

precision and certainty,

The temperature characteristic of capacitance is the maxinum reversible variation

of capacitance produced over a given temperature range within the category

temperature range. It is cx“ruf ed nornally as a vercentage of the capacitance

related to a reference temperaturce of 20° (. (The standerd atmoopheric temperature
¢] "t . : o 1 -~ T o Kol X R . KN ’

of 277C as laid down in SLS 37h may also be token as reference Lemperauuno).

om0

0214 temperaiurc coefticl mt of CcﬂdCi.fan and to uturo cyclic drift of

—qum-m_uu—nmuau - . o ke - s im0 e e e s v N eyt A o s 8 14 48 e S R e S s o s e W e B e

apac1tunce : The term cbarmcfcv*ulng these two properiies apply to canacitors

T o . s ¢ s

of which the variations of capacitance as a 1unct10h of. temperature are lincar
or approximately lincer and can he ex nressed with o certain p““CLnLOua

For these capacitors, the variation of ar tonce for any L(upﬂr‘fPTO, WJihlr

the category temperaturc range, can ho into two componcnts,

The rate of chanrse of

range ol toahcpeLureo
. . )

celsius (10 \/ C)e

2aclagel. tcnnerwturo coefficient of CUPTCJ

apa61tahco with femperature measurod ovor :
It is norrally expreseed in parts per willion por

5e27a 2.;~ temperature cyclic drift of "Wpd“lt”DCO : The waximm irreversible‘
55555?185_5?*535353%:n05 ob5eTved at room tenporature during or after the
completion of a number of specified temperature cycles. It is expressced normally
as a perccnuabe of the capacitance related to o reforence temeraturc. This
is normally 20° ¢,

(The standard atmos spheric temperature 27 C o 1aid down in SLS 2k may also be
taken as tho rcfcromce tempor ALuro)o

The conditions of measurement, during or after temperature cycling, a
description of the tempe rnturc cycle and the number of cycles, shall he stated.

L, QATINGU AND CHARACT”PIFTICS
L1  Rated voltage .

Preferred values of rated direct voltase talien from Ry and R, jseries of Table 3
of C8 103 ¢ 1974 are as follows: : -

a) For voltage values less than 250V ¢ MV, 1.6V, 2.5V, 4V, 6,3V,and their decimal
‘ mul% iples (R. series)

°

5
b) FOf'Vbltage values equal or 2 250V, 315V, 350V, Loov, Lsov (250, 315

greater than 250V and ’OOV aro in ﬂccordanco with tho R
: sericss. 350V and 450V are permitted
in addition),

0

be2 Rated capacitance and toleronces

Preferred valucs of rated capacitance and to erances shzll betmka from the
series specified in IEC €3,

.3 Cllmatlc category

The capacitors covered by this standard are olnsc,‘iod into climatic categories
according to the rules given in fLS 550 Part 1.

Qo.ooondddﬁ,s/



5. _REQUIREMENTS e

5el BElectrical

5a167 Leakage current

- - o

The relevant standard snecification shall prc crile the leakage current limit. .

at a reference temperature preferably ”7 and other srecified témperatires.

5ele? Gapacitanco

-

The capacitance when measured as in 7.1, shall comply with the rated wvalue of
capacitance within the apnropriate tolerance.

56143 Tangent of _loss angle

The value of tangent of loss angle when measurcd as in 7.2 shall conform to
the requirements prescribed in the rclevant stondard specification.

5,14 Impedance

-——u—uuu———_—n—m

The impedance when measured as in /0” shall conform to L 1@ requirenents
prescrlbed in the relevant standard : ]ocw fications

5015 Inductaggg

The inductance when measured as 1 75 shall conform to %no roqvlrchnco
prescribed in the relevant tquoard specificdtion.

Sale 6 Ipuu1a+1on resistance:

-t g 2 v

cre

~

conform to

The 1nuulﬁt10n resistance when mensured 1
ification.

requirements prescribed in the relevant ﬂtfndarn Epe

shal
ci

22147 Vgltage withstanding ability

Wt e 58t e 13 i e S

There shall be no sign of breakdown during the test, when measured as in 7.7.-

S5e1e® Endurance

The capacitors shall conform to the requirenents prescribed in the relevant™
standard specification and there shall be no visible damage v the capacitors
‘when tested as in 7.8, ‘ &

51,9, Variation of capacitance with tomperature

The capacitors shall conform to the requircrents prescribed i thé relevant
standard specification when te“oud as in 7.%. e ‘

5.1 10 Ability to w1thutand electrical BUrIGS

The capacitore shall conform to the reguirerments prescribed in the relevant.
standard specification when tested as in e 10

2¢1237 Charge and discharge

the relevdnt

o)
h
¥

The capacitors shall conform to the requiromonté'nrc,ccwknm
standardgpegdfication whexn tc ted as in 7,11,

S5e1e12 Characteristics atvhlgh and low ionpo atures

OSSN N O 7 S o T 054 GO TR U i S0 49 A A K S Y B R 00 £ e B 8 7 0 B £t B 0 518 158 9 9 Bt e

The capacitors shall confora to the requirements nr<;cr1bgdvin the reclevant
~ standard, ppcclfloatlo wnen to ted as in 74124

vesneosb/



.l Mechanical and phveical
- S

56241 Robustness of terminations

> e 2 i it "

The capacitors shall conform to the recuirements prescril
standard specification and there shall be no visible damaze to
tested as in 7el13, :

5ele2 Resistance to soldering heat

The capacitors shall conform to the requiromnents wrescribed
standard specification and there shall be o vieible damagse
when tested as in 7,14,

52,3 Bolderability

—--u—-u—--——-'hu—n——-—-——

The terminations of the capacitor sholl have
by free flowing of the solder with wetti
L212s,

Se2elt Ability to withstund rapid change of temperature

T e O i e e 1125 s o £ e G T R0 D M 1 0 o T i e Y Gt et S Bk i B D . o 050 e 1 e i s e s i ik 0

The capacitors shall conform to the require 5 prescribed in

standard specification. and there shall be no visi
when tested as in 7016,

hle dama~o to

Ds245 Ability to withstand vibrations

T LGS AT S TS 1 S 00 009 S i Tt a8 A Wk D i B A o e Rk ot S8 X R . 5 o P e

The capacitors shall conform to tho requirenents
standard specification and there shall bo no visihle danage Lo
when tested as in 76176

nresceribed in

5e2eb Ability to withstand bumps

- - - A B A 0 iE i W e S M i R e €18 T e

The capacitors shall conforn to the requircients nrescribed in
standard specification and there shall be no visible damage to
when temted as in 7.18,

De267 Ability to withstand shocks

e Ll e o 2 e 2 e e
The capacitors shall conform to the requirements preseribed in
standard specification and there shall e no visible danapge to
when tested as in 719

De240 Effectivencss of seals

0 S G S 0 B 0 Bt 05 T L ) 5 I 0 B et . St o e e

",:.
2

The capacitors shall conform to the requirenents prescribed
standard specification when tested as in Vo0

[N

5¢2:9 Climatic sequence requirenents

o e 1 e A s et etk et

The capacitors shall conform to the requirenomts preseribed in
[

standard specification when tosted as in Vel

562410 Damp heat, steady state,

s et utsiver S Mt iop et Mttty
The capacitors shall conform to the requirenents prescribed in
standard specification and thero shall e no visible damage to
tested as in 72,22,

202211 Suitability of capacitors for nsc -and storage at low &

D 500 D B O s, s A K st O R i R S 20 1 10 k24 20 ot D S e P P 1 e o .t ot e 1w 7 8 ot 2ve B

m . . , . .
The capacitors shall confornm to the regrirements vrescribed in
standard specification and there shall Yo no visible damage to
when tested as in Yol

relevant

the capacitors when

a8 evidended
tested as in

the relevant
e capacitors

e relevant
the capacitors

the rolovant..
the capacitors

the relevant
the capacitors

the relevant

the relevant

the relevant
capacitors when

high tewmperature

the relevant
the capacitors

uooonooocoﬁ(?/



6 ”‘\_ ‘ . 1 -
S-MREING: .

661 The relevant standard specification shall indicate the identification
criteria and other information to be shown on the capacitor and/or packin:.

The order of priority for marking small capacitors shall be according to the
relevant standard specification.

6.2 When coding is used for capacitance value, tolerance or date of manufacture,
the method shall be bolocfcd from those pgiven in 518 ,30

2o, METHGY OF AR
Ze1 Capasitehes .

7o The capacitance shall be measurced al once of the following frequencies unle
otherwise prescrived by the relevant standard specification.

Tleetroliytie Saphcitance: 100 1P to 120 HZ
other capacitors : Cpgnt @ 100 kHz or 1 iz (1 Milz eghall be reference) -

¢ 1 nf <« C@ $.10¥fF ¢ 1 kflz or 10 kHe (1 kHz shall be.
reference)

4

P Cp»10 P 50 Hz or 100 Iz
The tolerance on all frequencies shall not exceed + 20 per cent.

v or 5V, whichever is the

The measuring voltage shall not cxceed 3 per cent of V.
smaller, unless otherwisc prescribed in the relevant standard specification,

7e1s2 The accuracy of the neasuring equiprent shall be guch that the error does not
. exceed: '

N
a) for abs olute capacitance measurements : 10 per cent of the rated capacitance
tolarance or 2 per cent abgolute, whichever is the smaller s

b) for measurement of variation of capdrltan : 10 per cent of the specified
maximum change of capacitance,

Inno¥ther of cases a) and b) should the accuracy be hetter than the mininum
absolute measurement error prescribed in the relevant standard speccification.

7e71e3 The relevant standard specification shall prescribe ¢ ¢

a) the temperature for measurement if dilferent from the standard a%mouphorlc
conditions for testing i :

b) the frequencies for neasurement and the capacitance range over which they
apply, if different from those swnecificd in 7elal

c) the absolute measurement error, when apnlicable.
’ pr
d) measuvring voltage if different from those specified in 7.7.1.

e) the applied polarizing voltage, when applicable.,

006.0‘!0..8/
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7.2 Tangent of f:losk angle.

7e2e%1 The tangent of loss angle shall be measured under the same conditions as
those given for the measurement of capacitance at once or more Freauencies

£ o i
taken from the list of 7.71.71 or as prescribed in the relevant standard
specification.

. ‘."“\,& . N

7+2.2 The measuring method shall he such that tho error does not oxceed 10 per
cent of the specified value or 0.0001, whichever is the grecter.

723 Lealtsge ‘current

7e3+1 Before this measurement ie nade, the capacitors shell be fully discharged.

7e%e2 The leakage current shall he meas sured, unless otherwise prescribed in the
relevant standard specification, using tho GJTOCt volteage (V or V, ) appropriate
to the test termperature, after a maximun ole<i1111px ion PCLlOH of ‘five minutes,
The full five minute. electrification nccd not be applicd if the specificd
leakage current limit is reached in o shorter tine. '

7e3e5 A steady source of power such ss o repulated pover supply shall be used.

7.3t The measurenent error shall not excaed + % per cdut or 0.1 ud, whichever is
. b ¥ *
the greater. "

7e3e¢5 When prescribed in the relevant standard specification, o 1000 & nrotective

resistor shall be placed in series with the capacitor to 1imit the charging
current.

7e3+6 The relevant standard specification shall prescribe:

a) - the leakage current limit at a refercace terperature of P” €, and at other
specified temperatures g

b) when necessary, the correction factor, if the reasurcrncnts are nade at a
temperaturc other ‘than 27-C, but wlt’ln the range: of tenperature d&dvod by
the standard aumosnhcrjc PODdlthPS for testing j

-
“ L ea

c) electrlflcdtlon tlme if dlffe%enb from 5 min
d) whether or not a 1000~ protective resistor shall be wlaced in serics with the

capacitor to limit the charging currcent as defined in 7ehabo

2ok Impedapces

The basic method of measurcrent of impedance of a capacitor is to pqrq a known
current through it and to measure the voltage across it. At frecuencics of 100 kiz
or less, this is relatively simple, but at higher frequencies, dare is necessary
by the use of, coaxial cables and screening to avoid spurious coupling.

.

The basic circuit diagram is shown in Tip. 1 where the impedance of the capacitor
be given by
Z = R + 3 (vl -

c ¢ C ;‘KT“‘
= R+ XX ‘

c
where, .
ZC = impedance of the capacitor at the frequency of neasurements
RC = effective series resistance of the capacitors
w = 2 f, f beln the frequency of menuuromont H

.= inductance of the capacitor 3§ and

C = papacitance of the capacitor at the frequency of reasurcment.

5
000‘05’0.9//:’
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Using the notatidn of Fige 2

vbut

Therefore

RRY
S V'p\
Lip % = o xv
in 8 o >
IAY .
v
L7 out 5
) { R A |\
- s
V..
R
3]

This equation can be used to determine the inpedance at any frequency.

NOTE - The los

< 1 ke . - AL s -
ss angle (%) can ho computed using the vector dingram in Figed,

FIGURE 1 =

Ao A

" ;
P . ST . . . B Y R
‘ o : . .v:*!.'\

IS

Veeter diagram indicating loss angle

-

[t o - e )
v ! '
SIGNAL %2_::4—2_%}?—1 Rs b :
GENERATOR - 3 ELECTRONIC
X a -} E=EEEVOLTHE TER
' (;“I b lHIGH NeUT
' S R IMPEDANCE )
i ! Vour]
H - ) H
[} s H
] [}
| S U

FIGURE 2 = Method of determinstion of impedance, resonant

in

in

out

R

0

1

it

frequency or inductance of capacitors

capacitor under test

non-inductive resistor avpproximatoelsy egual to the output
impedance of the sipnal generator (normally B0 {ior 75 12)

specificd length (terminal wire and hody) at which measurement
is made

voltage output of the signal penmerator with the neasuring circuit
connected

current in the measurinsg circuit

voltage measurcd acr ss the capacitor as indicated by the
clectronic voltmeter

voltage measurcd across I

oo.!coc..'°°107
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7e5 Inductance

The inductance ghall be neasured ueing resonance frequency method,

at resonance,

wlh =
C s D11
wC
yal == R
c c
Thus 7 passes through a minimwt at the resonant frequency (w_ = ?i”fo )
This is a convenicnt way of determining the inductance which ic given bys
L = 1

i e s

w O

r
?

7.6 Insulation resistance

7.6.1 Before this measurement is nade, the capacitors shall be fully
discharged,

7.6.2 Unless otheruisc specified in the relevont stondsrd specification, the
insulation resistance shall be neasured, with the voltage snecified in Table 1
between the points specified in Table 2,

'~ Table 4 = Measuring voltages for capacitors of differcnt voltage ratings

Voltage rating of capacitor Moasuring voltage
VR or VC - 1oV v VR + 10 per cent
10V & Vg oor Ve < 100V .. 0+ '
100V < VR or VC < 5OV 100 + 15V
500V . <. VR or V, 500 + B0V
e (¥ -

* When it can be demonstrated that tho voltage has no influence on the measuring
result, that a known relationship exists, measurenent can be perforned at voltages
up to the rated voltage (10V shall be used in cnse of dispute).

V. is the rated voltage for use in defining the measuring voltage to be used
under standard atmospheric conditions for testing, "

v is the category voltage for use in defining the neasuring voltage to be used
ag the upper category temperature,

oooocnoa"°°°‘°°fﬂﬂ/
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Table 2 -

ERC

Measuring points

2

r4

Test

1)
. Single section
capacitors

o 2
'%ultiple section
capacitors having

o common termination
for all sections

ABetween
terninations

1a)

ﬁ&Bctwecm
terminations

Bantornal
insulation

L Al e i o

1h)

Botweon Sorminations
connected together
and the case (excont
where the cose is
one termination)
(metal co types
only)

R n——

L
ERIN . R
Tultiple seetion
capacitors having -
1o common
termination

.'aafse tweon

te:

erminations

31?0)1:wo¢n te
section

O.{? o oy Ty
Loench

tosether and the

case (except where

the ¢ s one of.
terming 1)

2l cnsod

only)

C.External
insulation

279 UM e
heds o on terninstions
connected topether
and the metal plate

ol

or foil (inculste

SNy
A%g;twumn the

commoen term:

rnd :
Lorainatic
connectod

5y

i bdtween

e i TR RITRPHE—— P

5h

Zotween oll terminae
tions connected
topether ond the
cose (metal cased
twwsoﬂy)

the

terninations of

of each section
hed

toy

T Betweon all
Cerminations
connected ftorether

and the metal plate

types not employing
vetnl cnses)

1d)

or foil (insulsted
ypes not employing
metnl coses)

iy, .
MBetween crse and the.

metal nlate or fe
(insvlnted wetal
cased types only)

: na the
nlate or foil

1 terminations

i or foil(insulated

3 ‘d%’é_tw&\,"(:'1’1 211
connected together
and the metal plate

types not emploving

netol cases)

%e)

“iBetween cose and
the metal plate
or foil (insulated
notal cased types
only)

7643 TFor test ii and iii (sce Table 2) vhen the case of the capacitor is nonw

metallic, or when the canacitor has
the test voltage shall be applied in one of

76643.1 Toildmethod

A metal foil shall bhe closely wrapped around the body of

the fol

of not less than 0.5 mm from the terminations.

706.3,2_yethod‘f0r capacitors with

A B D 2 ) £ B S8 o W T B W B e o ek PP s s

The capacitor shall be mounted in its normnal many
at least 13 mm in all directions beyond the

r

a metnllic cope with

lowing

waye s

mounting devices

ekt 2 o 1123 WD 8 48 b e . Py e T

er

on o

an insulating sleeve,

the capacitor to o distance

netal plate which extends
rounting face of the canacitor,

: &
Ooooonc'_‘""’"ﬂfﬂ.‘,
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7e 6e30e3 V=block method

£t s g o 20 g

" The capacitor shall be clamped in the trough of a 90° metallic V-block of such
size that the capacitor body docs not extend beyond the oxtremities of the
blocke The clumping Fforce shall be such as te puarantee adequate contact between
the capacitor and the block. The clamping force is to be chesen in such a WOV
that no destruction or damage to the copacitor cccurs. The capacitor shoall be
positioned in accordance with the following :

a) For cylindrical capacitors: the copacitor shall be poesitionced in the block so
that the termination furthest from the axis of the capacitor is nearcst to
one of the faces of the hlock,

b) Tor rectangular capacitors: the capacitor shall be nositioned in the blbock so
that the termination nearest fo the cdge of the copacitor is nearest to one of
.the faces of the block.

For cylindrical and rectanguler copacitors with coriol 5, any outeof-centre

positioning of the point of emergence of the terminations fron the copucitor

body shall be ignored.

has heon
stondard

3

7ebelt The insulation resistance sholl he sred after the volt
applied for 1 min + 5s unless otlerwise nrescribed in the relevant
specification.

7e6e5 When prescribed in the relovant stendard specification the temperature at
51 ’
which the measurement is made shall be noted., If this temperature differs fron
27°C, a correction shall be made to the ricasured value by mltinlzing the value
by the appropriante correction factor yprescribed in the rolevant specification.
k! f

NS The relcvant t rndard specification shall nrescribe:
a) the measuring Voli%go and neasuring woints:

b) the method of applying the test voltage (either 7e6.301, 7elebefe oF 746430301

c) time of electrification if other than 1 min *

9

d) any special precautions to be taken during measurements

e) any correction factor. required for measurenent over the range of temperature -
- covered by the standard testing conditions ; .

f) the tempcrature of mcwgurement if other than the stondard atmospheric conditions
for testing 3 ‘

g) the minimum value of inenlation resistance for the various neasuring noints
(sec Table 2).

7.7 Voltage proof

The test prescribed below is o de.ce voltage proof test. When the relevant standerd
specification prescribes sn a.c. voltage nroof test, the same test procedure shall
be used, except that an alternating voltoge shall be anplied in place of a direct
voltage.
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7e7e71 An example of o suitable test circuit is shown in Iig.2 helows
L B

< CN——— o ) .

FPIGURE 3 = Voitage<proof test circuit

NOTE~ The capacitor C, may be omitted for the testing of certain types of
capacitors., This should be stated in the relevant standard specification.

7;§.2‘Ehe sensitivity of the voltmeter shall be not less than 1000044/V,

7e7e3 The resistance R, and R, shall be chosen so that, in conjuction with the
capacitance C, and the capacifance of the part under test, the charging and
discharging currents do not exceed the specified value at the highest test voltage.
The "capacitance of 01 shall be at least ten times the capacitance of the part under
‘test, S ‘ e
" 7+7elt The switch shall be connected to R, o The two terminals atithe top of the
diagram shall be connected to a variahle“d.c. supply of sufficient power which’
shall be adjusted to the required test voltage. The capacitor to be tested (C )
shall be connected as indicated in the Iig. 3. ) : ' %

The switch shall then be connectod to R so that the capacitors C

, 1 and szare
charged.

.1

. The switch shall remain in this position For the time specified after the test
voltage has been reached., The capacitor shall be discharged by connecting the
switch toR,, As soon as the voltmeter reading has fallen to zero, the capacitors
shall be sfort-circuited and C, shall be disconnected, ” .

747.5 For tests ii and iii (sce Table 2) when thé case of the capacitor is none

metallic or when the capacitor has a metallic cAse with an insulating sleeve, the

test voltage shall be applied in one of the three following ways:

7¢7e5:1 A metal foil shall be closely wrapped around the body of the capacitor to a

distance from the terminations equal to approximately 1 mm/kV test voltage with a

- minimum of 0.5 mm. The test voltage shall be applied between the terminations
connected together and this foil, ’ o :

{
¢ . [}
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7e7e5s2 The capacitor shall be mounted in its normnl manner on a metal plate,
which extends at least 13 mn beyond the mounting face of the capacitor in all
directions j the test voltage shall he applied between the terminations connected
together and the metal plate.

7.7+5¢3 The capacitor shall be clamped in the troupgh of n 90° netallic V-block
of such size that the capacitor body does not extend beyond the eziremities of
the blocks The clamping force shall be such as te guarcntee adequate contact

between the capacitor and the block.

The capacitor shall be positioned in accordance with the following:

a) TFor cylindrical capacitors: the capacitor shall he positioned in the block
so that the termination furthest from the axieg of the capacitor is nearest
to one of the faces of the hlock.

b) For rectangular capacitors: the capacitor sheo ]. be positioned in the block
so that the termination nearcst to the edge of the cnpacitor is nearest to
one of the faces of the block,

For cylindrical and rcctangular copacitors with exial 1 ds, any out-of-centre
positioning of the point of cmergence of the terminations from the capacitor
body shall be ignored.

776 Repeated application of the voltage proof test moy cause permancnt damapge
to the capacitor and should be avoided ns far as possible.

7+767 The relevant standard specifica b on shall prescribe:

a) the test voltage and test points (sec Fable 2) 3
b) the method of applying the test voltage (either 7e.7.5e0, 7efe5e2 or 7.7.5.3)3

c) the duration of the test :

d) the maximum charging and dischorging currents;

¢) when applicable, the maximum velue of time constont | (C + CX Do

748 FEndurance

7.8.1 The measurements prescribed in the relevant stendard specification “Hall
be made.
7e8.2 The capacitors shall be submitted to an endurance test. The duration of.
this test, vhlue(s) of the applied voltage and the chamber temperature(s)
b X : f (5

which it should be conducted, shall he prescribed in the relevant standard

3 0 ’
specification.

- The capacitors shall be placed in the test chamber in such a manner Lthat
a) for heat dissipating capacitors no capacitor is within 25 mm of any other
capacitors

b) for non-heat dissipating capacitors no capacitor is within 5 mm of any other
capacitor.

The capacitors shall not be keated by direct radiation nond the circulation of the
air in the chagber shall be adequate to prevent the temperature from departing
by more than 3°C from the specified tompﬁruturc of the chamber at any point where
the capacitors may be placed.

- After the specified period, the cnpacitor“ shall be u110wod to recover under
standard atmospheric conditions for tes sting.

ooo"."‘"‘ﬂ’.ﬁ/
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7.8.3 The measurements prescribed in the relevant standard specification shall
then be made. o

7.9 Variation of capacitance with temperature ”

791 Static method

. T ol B2 S 1 D W S T U T B G B WP

0.9¢1.1 Measurements of capacitance sholl be made under the conditions prescribed
in the relevant standard specification.

\1

9.1.2 The capacitor shall be naintained at each of the followiryg temperatures
t rn: '

o
a) 27 + 2°C 3

' o]
b} loversgategory temperature + 3 Cj
. J) - .
¢) intermadiate temperatures, (helow 27 ) if rcauired by the relevant stondard
snecification 3

o}

a) 27 + 2° Cy

. . O Ay . . .
e) intermedinte temperatures(above 27 C) if required by the relevant staddard
specification 3 S ‘

f) upper category temperature + 2°
g) 27 + 2°

If required for a parficulnr type of capacitor, the relevant standard
up001flcatlon shall prescribg whether thermal shock is to be avoided or whether
a maximuh rate of chanfe of termpuraturesshall be obscrved. '

7+9«1+3 Capacitance measurements shall be mnde at each of the temperature
specified above after the capacitor has reached thermal stability.

The condition of thermal stability is considered to be reached when two readings
of capacitance taken at an interval of not lcss thon 5 min do not differ by an
amount greater than that which can be attributed to the measuring apparatuse

The measurement of the nctusl temperaturc wust be made with o precigion compatible
with the requirements of the relevant stondard specification., -

Care must be toaken during measurcments to avoid condonno*won or iroct on the
surface of the capacitors.

i
o

7,9,1.4 For the lot=by-lot quolity conformance testing, the relevant standard
specification may prescribe o shortenad procedurec.

799e2 Dynamic method

- o 0 e e 2 . e a0 S
-

As an alternative to the staotic nmethod of 7.9.1 a dynamic plotting method may be
employede The cepacitors shall be subjected to n slowly vorying temperature.

A temperaturc-scnsitive device shell be embedded in a dumny capacitor to be
inocluded with the capaciter under teot in o monner that will ensurc that the
measured temperature is the same as that occurring in the capacitor under test.
The capacitance shall be mensured using n self~balancing bridge or comparators

The output of the bridge or comparator shall be coupled to the "' oxie of o
plotting table, . '

I 194



The output of the temperature sensing dev1ce shall he coupled to the X" axis
of a plotting table.

The tempcrature shall be varied slowly ecnough to produce a umiform curve w1th no

loop at the lower or unper category temperature, The temperature shall be waried
subsequently from 27° C to the lower category temperature, to the upper category

temperature ond to 270 Co Two cycles shall he carried out.

This method may be employed only when it can be dolonutrﬁ+cd that. the results are
the same as for the static method, o

In case of dispute, the static method shall be used.

729+3 Method of calculation

0l Tt s A S 2006 SR ey B A A A SIS i Bt i O

Co = capacitance measured ot stop d) 0f 749142
30 = temperature measured at step d) of 7.9.1.2

C = capacitance measurced at the test temperature, other than ot step
a), d) and 2)e

B

© = test temperature

2.9.3.1 Temperaturc characteristic of capacitance

St 0 i 0 5 1t B b 0 5t e 0 i A 9t b B it S e e e S e e oo £

The variation of capacitance ns a function of temperaturc shall he calculated

. for all the values of Ci as follows:
L., = C
Aac = AT o
C Co C
o) v o)

The variation of capaoltwnco is aornallv expressed in por cent,

722s2+2 Temperature coefficient of capecitance and temperature cyclic drlft of

-y G o ---.-—-—--...—-—-.-—.....—-.___..——-——--.-—-.;..-..—u—...----...—--..----.—.—..n--——.——-——...--—..

capa01tance

a) Temperature coefficient of capacitanac (+2)

Temperature coefficient of capacitance (%) shall be caleulated for nll the values
of C as follows

o | = Ci—Co .
Ty
Co(ei ~ Y )

The temperature coefficient is normally expressed in parts per nmillion- per degrec
Celsius (10-6/0), : ' ‘

b) Temperature cyclic drift of capacitance

The temperature cyclic drift of capacitance shall be calculnted at the steps given
in 7.9.1.2 o, d and g. in the following manner:

™
&Q = Y- S
c
0
<. S C - C
(S = b 0
Co
Siv = Sg- %
C
o

R Ny A




values is the temperature cyclic drift of capacitance.

The capacitance drift is normally expressed in per cent.

710 Surge

as required by the relevant standard specification, The largest of tﬁése

7010e1 The medsurenenis speaified in the. relevant standord specification

shall be made,
Suitable test circuits are shown in Tig. 4a and 4 h,.

NOTE~ The thyristor circuit has the advantage of high repetition rates and i

free from troubles assoclated with dirty contacts and contact bounce,

[N
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FIGURE La = Relay circuit
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FIGURE &b = Thyristor circuit
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The voltage waveform across the capacitor under test shall be approximately as

sHown in Fipure 5.

0.63

Surge
voltage

0.3H \\

Te g By e “*3

SO E— Chﬂrgﬁ - e Thisch@ PQR oo s o ekl

o ( y C! 3 e e [O—— et o »-mr~

% = Charge fime constou
T4 = Discharge e consinat

. soghaego-—tines - conatant-
FIGURE & =~ Charge and discharge waveform dimeharge: Sime cpugiaph..

71042 The following infeormation shall bhe given in the relevant standard
specification:

a) the charge time constant arising from the irtornal resistance of the power
supply and the resistance of the charge circuit and the capacitor under
tosty

b) the discharge time constant arising from the resistance of the discharge
circuit and the capacitor under test;

¢) the ratio of the surge voltage to rated or cntegory voltage (as appropriate);

d) the number of cycles of test ;

e) the duration of the surpge period 3 a
f) the duration of the discharpge perid ;

g) the repetition rate (cycles per second) M

h) temperature, if different frox nbinonré atmogpheric conditions for testing.

7+10.3 The measurement specified in the relevant standard specification shall
be made,

. et e - ]

7e11 Charge and discharpge tcst P

9.41 1‘ Thu menuu?émcL 5 epecified in the relevant standnrd specificition
ShaTT Bé wade, 7+

Suitable test circuits are given in 7.10.2, Figures ba and Lb.

The voltapge and current waveforms ncross and through the capacitor under test
are approximately given in Tige. 6.

y 7
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| : Te = charge time cohistant
. - h
; i Td = discharge time constant

FIGURE 6 - Voltage and current W"veﬁnmmq across the capacitors under test
7,112 The following information shall Le¢ given in the relevant standard
spec1flcaflon : :

‘a) the charge time constant arising from the internal resistance of power
supply and the resisthnce of the charge circuit and the capacitance of
the capacitor under test j :

b) - the discharge time constant arising from the resistance of the discharge
circuit and the capacitance of the capacitor under testy

¢) the voltage to be applied during the charge period, if different from the
rated voltage

d) the number of cycles of test §

e) the duration of the charge period j

£) the duration of the discharge period ;
g) the repetition rate (cycles per second)

h) temperature, if different from standard atmospheric conditions for testing.

7+1143 The measurements specified in the relevant standard specification shall
be made again,.

7#12 Characteristics at high‘and low temperatures
The capacitors shall be subjected to the procedures of the dry hsat and cold test
(7.21.2 and 7.21.4 respectively) with the following details :

a) The temperatures for these tests shall be the same as for “the dry heat and cold
tests, Tests at intermediate temperatures noy be prescribed by the relevant
standard specification.

" . v R ooccc-eﬂ"“‘*zo,/
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b) Measurements shall be made at cach of the specified temperntures after the
capacitor has reached thermal stabilitw Tho condition of thermal stability
is considered to be reached when two readings of a characteriste, taken in

an interval of not less thon 5 min, do not differ by an amount greater than
that which can be attributed to the measuring appratus.

7«13 Robustness of terminations

The capacitors shall be subjected to Tests U 1 Ub’ Uc and Ud of IEC Publication
68=2-21 (1975), ns applicablce fq0°

»13.1 Tensilec ~ Test U’

-m B e e e e e e st 0

For the purpose of carrying out of this test the force applied shall he :
a) for terminations other than wire terminations: 20N

b) for wire terminations see Table 3.

5 o 3 1 e B 1 P F e e oaa
Table 3 = Force for wires of different sizes

Corresponding diamcter F )
Cross-sef%ﬁonal for circular-section roree
arear W1ro° (Q) .
in (mme) mm% in (1)
S £ 0.05 d 4« 0,25 . , 1
0.05 < § £ 0,07 0.25 < d < 0.3 265
0,07 < 8 -4 0.2 Co? < 4 < 0.5 5
062 <5 L 0.5 0.5 d = 040 10
102 < 8 < 1.2 0.8 S d <1 20
Te2 <8 1.25 < d Lo

Za13a2._Bepding Test

Method 1 of test U, glvcn in I%C 68=2-21 shall be applied unless otherwise
specificd in the rélevant standard specificotion. This test shall not apply if
the terminations are described as rigids. Half of the terminations of the
capacitors shall be used for this test and the other half for the Torsion test
in 7s15430

7¢'% o5 Torsion test

Method A of test U, given in TIiC~2-21 shall be applied unless otherwisc specified
in the relevant stdndard specificntion. ‘

The teut umeclﬂwn shall be subjected to a severity of two sucessive rotations .
of 180°, Thig test shall not ~pply if in the relevant stoanderd specification the
termlnatlons are descrived us rigid and to components with unidircctional

terminations designed for pflnted wiring Lppllcﬂtlﬂn.

7013, Test Uq = Torque

g B Y S e 0 T Sl i A O e B A T T e A S T .

This test shall be applied for terminations with threaded studs or screws and

for integral mounting devices only. The severity conditions shall be selected
ffpm Tahle 4 according to the relevant stnadard specification.

.oeno-oe»O"“’"a/



Table 4 - Severity of the torque applied for different sizes

Nominal thread diameter - L .
(m> 2‘6 3 )g/ * J 6
Torque Severity 1 Colt 0.5 0.8 1e2 2.0 2e5
(Nom) .. A )
Sevel"ity 2 ‘ 0.2 0025 O.l" . Ou()v 1;0 b /[025

For diameter greater than émm, the torque values shall he prescribed by the
relevant standard specification. The nuts or screws shall be capable of being
loosened alfterwards.

7,14 Resistance to soldering heat

7+1e1 When prescribed by the rele ﬂnt standard specification, the capacitors
shall be died as given in 7,104,171 1 7740742,

7146147 Unless otherwise specified in the relevant standard specification, the
capacitor shall be conditioned for 96 & 4 h by heating in o circulating air
oven at a temperature of 55 + 2 Cand a relative humidity not exceceding 20
per cent, ‘

7e14e1.2 The capacitor shall then be allowed to cool in o desiceator using a

suitable desiccant, such as activated alumina or silica gel, and shall be kept
therein from the tlmc of removal from the oven to the begining of the specified
tests. :

s

7otlha2, Unless otherwisé stated in the rclcvqni stondard specification the
capacitors shall be tested as follows.

a) all capd01tora except those listed in item ‘b below, be tes accerdance .
with method 14 of test Th prescribed in ITC 68=2w=20 (1979\wit ?gllowing_gonditions,j

i) duration of test : 5% or 108 no specified in the relevant standard
" specification,

. . . +0 . .
ii) depth of irmersion : 2 = mm Trom the seating planc.

-0.5

iii) thermal insulation : using o screen of 1.5 + 0.5 mm thickness

b) Capacitors notbdesigned for use on printed hoards be tested in accordance with
method 14 of test Tb of TEC (G8=2-20 with the following conditions.

. . R +0 N
i) depth of immersion : 3.5 0.5 M from the component body,
el ) g /\ -

as

not less than 1 h nor more than 2h, unless otherw1se

ii) period of recovery
: specified in the relevant stnadard specification.,

7¢15 Solderability

7¢15s1 Capacitors shall be subject to Test Ta of ¢ publication 68=2-20 (1979),
either using the solder bath method (Metlod 1) or the soldering iron method ,
(method 2) or the solder globule method (Method %) as prescribed by the relevant,
standard specification,. ‘

O....OGOEZ/
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761542 TFor the solder bath method (nethod 1) the Tollowing requireménts apply:

761542471 Test conditions

T G S0 e S B TP A B Y e b (R e fhoh B i e Y S

o}

Bath temperature i 235 57 C

1+

Immersion time P 204+ 0,5 s
Depth of immersion (from the seating planc or component body3:

a) all capacitors except those. of b) below:

+0 . - . . e . s
2.0 0.5 mi, using a thermal insulatin: screen of 1.5 + 0.5 mm thickness
- ° A - . TN -
h) capacitors indicated by the relevant stangard specification as being not
designed for use on printed boards : 3.5*0 o M.
e i

°_

7015202 The terminations shall be examined for good tinning as evidenced by
free flowing of the solder with wetting of the terminations.

7153 UWhen the solder bath method is notvapplicablo, the relevont standard
specification shall define hoth the method, test conditions and the requirements.

7215.341 When the solder globule method is used, the requirements shall include
the soldering time.

716 _Rapid change of tempernture

7161  The measurements prescribed in the relevant standard specification shall
be made.

7.16.2 The capacitors shall then be subjected to test Na of IEC publication

68-2-14 (197L), using the degree of severity as prescribed in the relevant standard
specification,

7«17 Vibration

7«17e1 The measurements prescribed in the relevant standard specification shall
bhe made,

7e17.2 The capacitors shall be subjected to test Fe of IEC publication 68-2-6(1970)
using the mounting.-method and the degree of scverity prescribed in the relevant
"standard ‘Specification.

7e17.% When prescribed in the relevant standard specification, during the last

20 minutes of the vibration test in each direction of movement, an electrical
measurement shall be made to check intermittent contacts or open or short circuit.
There shall be no intermittent contoct greater than or equal to 0.5 ms nor open

or short circuit.

The duration of the measurement shall be the time needed for one sweep of the
frequency range from one frequency extreme to the other.

7.17.14 The measurements prescribed in the relevant standard specification shall
then be made apgain,

o;o-.ooo23/
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v?;ﬁ8 _Bumps

7.18.1 Thé measurements prescribed in the relevant standard specification shall
be made,

71842 The capacitors shall then he subjected to test Th of TEC publication
68-2-29(1968) using the mounting method and the degree of severity prescrihed in
the relevant standard specification,

7.18.3 The measurements prescribed in the relevant standard specification shall
then be made again. ' . '

7«19 Shocks

7¢19+7 The measurements prescribed in the relevant stondard specification shall
be made. ‘ '

7219.2 The capacitors shall then be subjected to test Fa of 17C publication
68-2-27 (1972) using the mounting method and the severity prescribed in the
relevant standard specification.

7+19.3 The measurements prescribed in the relevant standard specification shall
then be made again,

7220 Container sealing

The capacitors shall be subjected to the vprocedure of the appropriate method of

XL

test Q of IEC 68-2-17 (1978) as prescribed in the relevant standard specification.

7221 Climatic sequence

,

In the climatic'sequence, an interval of maximum of 3 doyes is pcrmittéd.between any
of the tests, except that the cold test shall be applicd immediately after the
recovery period for the first cycle of the damp heat, cyclic, test Dh of IEC 68«2-30

(1969).

7:21.1eInitinl measurements

The measurements prescribed in the relevant standard specification shall be made.

7.21,2,Dry heat test ' U

The capacitors shall be subjected to test 3a of I0C publication 68-2-2(1974) for
16h, using the degree of severity of the vpper cutegory temperature, as prescribed
in the relevant standard specification, i

While still at the specified high temperature and at the end of the period of

R (& & .[
high temperature, the mensurenents prescribed in the relevant standard specification
shall be made. ‘

After specified conditioning, the capaciters shall be removed from the chamber and
exposed to standard atmospheric conditions For not less thon Lhe oo

Z22123_ Domp heat, cyclic, test Db, first cycle

. ot 0 S Tt W s o 430 s 028 100t o + m mt

The capacitors shall be subjected to test Dg of TEC publication 68-2-30 (1969) for
one cycle of 2hh, using a temperaturc of -5°C (suverity b). : :

After reccovery the capacitors shall be sul jected immediately to the cold test.

N
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7274 Cold test

The capacitors shall be subjected to test fa of THC publication 68~2-1 (1974) for
Zh, msing the degree of severity of the lower category temperature, as prescribed
in the relevant standard specification, . ‘

While still at specificd low temperature and ot the end of the period of low
temperature, the measurements prescribed in the relevant standard specification
shall be made, '

Lfter the specified conditioning, the caracitors shall be removed from the chamber
and exposed to standard ntmospheric conditions for not less than Lh.

7«21«45 Low air pressurc test

The capacitors shall be subjected to test 1 of TEC publication 68=2-13 (1956)
using the appropriate degree of severity prescribed in the relevant standard
specification. The duration of the test shall he 40 min, unless otherwise stated
in the relevant standard specification.

The relevant standard specification shall prescribe:

a) duration of test, if other than 10 min ;
b) temperature k

¢) degrec of severity.

While at the specified low pressure, the rated voltage shall be applied for the
last 1 min of the test period, unless otberwise prescribed in the relevant
standard specification. '

During and after the test there shall be no evidence of permanent breakdown,
flashover, harmful deformation of the case or scepage of impregnant.

£22126 Damp heat, cyclic, test Db, reraining cycles

The capacitors shall be subfected to test Db of TIC publication 68-~2-30(1969) for
the following number of cycles of 2hh as indicated in the table below, at a &
temperature of 55°C (severity b). '

oot Teple 5 «Number of cycles for diffcrent climatic catepories of
capacitors '
e et it e

Category climatic Number of cycles
L of-/56 50 e
-/~/21 | 1 o
~/=/10 ' 1
-/~ /0l None

7e21.7 Final rmeasurenents

After the rccovery, the measurcments prescribed in the relevant standard
specification shall be nade. ' '

722 Damp heat, steady state

7:2241 The measurements prescribed in the relevont standard specification shall
be nmade, o e

ol
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7.22:2 The capacitors shall he subjected to test Ca of SLS 580=2-3 using the
degree of severity corresponding to the climatic ratoﬁory of the capac¢tor as
indicated in the relevant standard specification.

The relevant standard specification may specifies the application of a polarizing
voltage during the whole pericd of damp heat conditioning. With the exception
of electrolytic capacitors, within 15 wmin after rcmoval from the test chamber,
the voltage proof test of sub clausc 7.1 chall be carricd out at test noint

4 (see table 2) only, using the rated voltase, unless otherwisc specified in the
relevant standard specification.

7e2243 The measurenents prescribed in the relevant standard svecification shall
be made againe.

7 2% Storapge

7 2341 torage at hlph temperature

It B8 Ut ak £ iy O e

7e23.1e1 The mcauurements prescribed in the relevent standard specification shall
be made.

7 2%+742 The capacitors shall then

test Ba of TEC publicétion
68m2-2 (1974), using the following

Temperature ¢ upper category tempersture
Lo +
Duration : 96 & Ln,

7e23.1e3 After recovery for at least 10h, the measuremente prescribed in the
relevant standard specification shall be riade.

7252 Storage at low temperature

00 520 10 o 72 S48 s et s Ot D S et D el St g Bt O i Bt 2 0t 3 e St

7256201 The measurements prescribed in the relovant stendard specification shall
be made.

7e25e2e2 The capacitors shall then be subjected to test to test Ao of TEC
publication 08wt (1974 s The cupacitors shall be stored at - L0°C  for either
a period of 4h after thermal stability hae  heen reached, or for 16h, whichever
igd the shorter period.

1034 /0 /Eng.
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