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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization c

omprising

all ndtional elecirotechnical commitiees (IEC Nafional Commitiees). The objecit/of

Technjical Reports, Publicly Available Specifications (PAS) and Guides
idation(s)”). Their preparation is entrusted to technical committees; any |
subject dealt with may participate in this preparatory work. 2

mittees undertake to apply IEC PU
and regional publications. Any d

éther direct or indirect, or for costs (mcludlng legal
se of, or reliance upon, this IEC Publication or any
Publig

8) Attent i v e e references cited in this publication. Use of the referenced publi
indisp e € ation of this publication.

9) Attent i 3 Q-the possibility that some of the elements of this IEC Publication may be the
paten{ rights. held responsible for identifying any or all such patent rights.

Internat
Capacit

brg’ and resistors for electronic equipment

promote
fields. To
ifications,
as “IEC
@terested
and non-
bs closely

ernational
from all

National
nt of IEC
r for any

blications
ivergence

indicated in

e for any

perts and
amage or
fees) and
pther IEC

cations is

subject of

ittee 40:

This fourth edition cancels and replaces the third edition issued in 1999 and Amendment 1

(2001). It constitutes a technical revision.

This standard cancels and replaces IEC 61045-1 (1991), IEC 61045-2 (1991) and IEC 61045-2-1

(1991).

This edition contains the following significant technical changes with respect to the previous

edition:
a) implementation of Annex Q which replaces Clause 3;

b) addition of new tests procedures in 4.34 through 4.38;

c) removal of the property "temperature characteristics" from 4.8;
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d) introduction of a new system of test severities for the shear test in 4.32;
e) introduction of new bias voltages for the damp heat steady-state test in 4.24;

f) furthermore, this fourth edition cancels and replaces the third edition published in 1999 and
constitutes minor revisions related to tables, figures and references.

The text of this standard is based on the following documents:

FDIS Report on voting
40/1907/FDIS 40/1922/RVD

Full infq port on

voting ir

dicated in the above table.

A list of all parts of the IEC 60115 series, under the general titl use in

electronic equipment, can be found on the IEC website.

All sectlonal specifications mentioned above do have one : ications
being 4 supplementary document, containing requirements S ‘ hinimum
content jof detail specifications.

The committee has decided that the contents of {hig p i until the
maintenfance result date indicated on th the data
related {o the specific publication. At th

* recoppfirmed,
* withdrawn,

* replaced by a revised g
* amepded.
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FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General
1.1  Scope
This paft of TEC 60115 is a generic specification and is applicable 1o fixed resisiors fdr use in

electronlic equipment.

It establishes standard terms, inspection procedures and methods ¥
and detail specifications of electronic components for quality assé

1.2 Normative references

The follpwing referenced documents are indispensablg
dated re¢

A

q

Amendment1(1993

lectional
urpose.

ent. For
dition of

nd test

(400

)
Amendmrent2(1994)
IEC 60068-2-2:1974, Environmental testing — Part 2: Tests — Tests B: Dry heat

Amendment 1(1993)
Amendment 2(1994)

IEC 60068-2-6:2007, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-11:1981, Environmental testing — Part 2: Tests — Test Ka: Salt mist

IEC 60068-2-13:1983, Environmental testing — Part 2: Tests — Test M: Low air pressure

IEC 60068-2-14:1984, Environmental testing — Part 2: Tests — Test N: Change of temperature

Amendment 1(1986)
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IEC 60068-2-20:1979, Environmental testing - Part 2: Tests — Test T: Soldering
Amendment 2(1987)

IEC 60068-2-21:2006, Environmental testing — Part 2: Tests — Test U: Robustness of
terminations and integral mounting devices

IEC 60068-2-27:1987, Environmental testing — Part 2: Tests — Test Ea and guidance: Shock
IEC 60068-2-29:1987, Environmental testing — Part 2: Tests — Test Eb and guidance: Bump

IEC 60068-2-30:2005, Environmental testing — Part 2: Tests — Test Db: Damp heat, cyclic (12
h+ 12 heyete)

IEC 60068-2-45:1980, Environmental testing — Part 2: Tests — Test XA
Immersion in cleaning solvents
Amendment 1(1993)

IE 6006¢8-2-54: 2006, Environmental testing — Part 2.54: Tg testing

— Te d: Test methods for

IEC 60068-2-58:2005, Environmental testing — Part(2- S
izati tonsoldering heat of |surface

solderability, resistance to dissolution of metgllizati

steady

steady

o axial

7:2007,

IEC 60617, Graphical symbols for diagrams

IEC 60695-11-5:2004, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method
— Apparatus, confirmatory test arrangement and guidance

IEC 61193-2:2007,Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

IEC 61249-2-7:2002, Materials for printed boards and other interconnecting structures —
Part 2-7: Reinforced base materials clad and unclad — Epoxide woven E-glass laminated sheet
of defined flammability (vertical burning test), copper-clad
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IEC 61249-2-22: 2005, Materials for printed boards and other interconnecting structures — Part
2-22: Reinforced base materials clad and unclad — Modified non-halogenated epoxide woven E-
glass laminated sheets of defined flammability (vertical burning test), copper-clad

IEC 61249-2-35, Materials for printed boards and other interconnecting structures — Part 2-35:
Reinforced base materials clad and unclad — Modified epoxide woven E-glass laminated sheets
of defined flammability (vertical burning test), copper-clad for lead-free assembly?

IEC 61340-3-1:2006, Electrostatics — Part 3-1: Methods for simulation of electrostatic effects —
Human body model (HBM) electrostatic discharge test waveforms

IEC 61760-1:2006, Surface mounting technology — Part 1: Standard-method for the
specification of surface mounting components (SMDs)

IEC QC|001002-3:2005, /EC Quality Assessment System for Electr,
Rules of procedure — Part 3: Approval procedures

ECQ) -

0

ISO 1000:1992, S/ units and recommendations for the use~Qf certain

other units

2 Teghnical data

21 Units and symbols

Units, draphical symbols and letter sy
following publications:

0 henever possible, be taken ffom the

- IECB0027;
— |EC pB0050;
- IECB0617;

— 1S011000. Q

s of the
publicat

22 T

For the
order:

abetical

221
category dissipation
fraction of the rated dissipation exactly defined in the detail specification, applicable at the
upper category temperature, taking account of the derating curve prescribed in the detail
specification

NOTE 1 For resistors the category dissipation is zero, where the upper category temperature is the maximum
element temperature.

NOTE 2 Related terminology: rated dissipation, upper category temperature, derating curve

222

category temperature range

range of ambient temperatures for which the resistor has been designed to operate
continuously; this is given by the lower and upper category temperature

1 To be published.
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NOTE Related terminology: lower category temperature, upper category temperature

223

critical resistance

resistance value at which the rated voltage is equal to the limiting element voltage (see 2.2.18
and 2.2.11)

NOTE 1 At an ambient temperature of 70 °C, the maximum voltage which may be applied across the terminations
of a resistor is either the calculated rated voltage, if the resistance is less than the critical resistance, or the limiting
element voltage, if the resistance is equal to or greater than the critical resistance. At temperatures other than
70 °C, it is important that account be taken of the derating curve and of the limiting element voltage in the
calculation of any voltage to be applied.

NOTE 2 Related terminology: Rated voltage, limiting element voltage

224
derating curve
curve which shows the maximum allowable dissipation at ambient<te leen the
upper apd lower category temperature

NOTE 1 [In the range between lower category temperature and rated $ i the rated dissipation,
and betwgen rated temperature and maximum element temperature it s i issipation
at the makimum element temperature. The slope depends on the thef capability

to abduct|the dissipation to the environment.

NOTE 2 |Related terminology: rated dissipation, rated temperg ementtemperature

225
family (pf electronic components)

group of components which predominaptty
a defined function

particular physical attribute and/pr fulfils

NOTE Related terminology: sih

2.2.6
grade
term in
examplg

ion, for

NOTE 1
and not

ife grade)

NOTE 2

227
heat-sink resis
resistor [type. desighed’for mounting on a separate heat-sink

NOTE Related terminology: insulated resistor

2.2.8

insulated resistor

resistor which fulfils the voltage proof and insulation resistance test requirements and the
damp-heat, steady-state test with a polarizing voltage applied when mounted on a metal plate

NOTE Related terminology: heat-sink resistor

229

insulation resistance

resistance of the encapsulation of the insulated resistor measured between the resistor
terminations connected together and any conducting mounting surface

NOTE Related terminology: insulated resistor
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2.2.10

insulation voltage

maximum peak voltage which may be applied under continuous operating conditions between
the resistor terminations and any conducting mounting surface

NOTE Related terminology: insulated resistor

2.2.11

limiting element voltage

maximum d.c. or a.c. r.m.s. voltage that may be continuously applied to the terminations of a
resistor (generally dependent upon size and manufacturing technology of the resistor)

NOTE 1 AL o 'S n 14 n_: P~ Y 4 A 2l e 1 14 HP e =i 42 t
Wrere-the—term—ae—r-s—vroltage'is—tsetnthis—standare—thepeai—vroltagejsTrotexeeed—, imes

the r.m.s.|value.

NOTE 2 |This voltage can only be applied to resistors when the resistance value than the

critical registance value.

NOTE 3 |Related terminology: rated voltage, critical resistance

2212
lower chtegory temperature
LCT
minimum ambient temperature at which a resistor ha operate continfiously

NOTE Related terminology: upper category te

2.2.13
maximym element temperature

maximum stated temperature at any
operating condition

missible

NOTE 1 |The maximum elem : e i S hture rise
generated by the rated disgipation. i ¢ , i h element
temperatyre is the I ified by the
derating durve.

NOTE 2

2.2.14

maximy
maximu
continug

perated

NOTE R

2.2.15
nominal resistance
designated resistance value usually indicated on the resistor

2.2.16

rated dissipation

maximum allowable dissipation at an ambient temperature of 70 °C under the conditions of the
endurance test at 70 °C and for which the permitted change in resistance for this endurance
test is not exceeded

NOTE 1 If the rated dissipation depends on special means supporting the abduction of the dissipation to the
environment, for example, special circuit board material, special conductor dimensions, heat-sink, such means have
to be identified whenever the rated dissipation is mentioned.

NOTE 2 The term for heat-sink resistors is defined as maximum allowable dissipation at an ambient temperature
of 25 °C, when mounted on the reference heat-sink, under the conditions of the endurance test at room temperature
for heat-sink resistors, and which will result in a change in resistance not greater than that specified for this
endurance test
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NOTE 3 Related terminology: rated temperature, rated voltage

2.2.17

rated temperature

maximum ambient temperature at which the rated dissipation may be applied continuously
under the conditions of the endurance test prescribed for this temperature. It has a value of
70 °C, unless otherwise prescribed in the relevant sectional specification

NOTE Related terminology: rated dissipation

2.2.18

rated voltage
UI’
d.c. or |a.c. r.m.s. voltage calculated from the square root of the p
resistanice and the rated dissipation

nominal

NOTE 1 |At high values of resistance, the rated voltage may not be appliga and the
construction of the resistor (see 2.2.11).

NOTE 2 |Related terminology: rated dissipation, limiting element voltage

2.2.19

stability class

term representing a predefined set of stability requi missible
resistanice change assigned to individua

NOTE 1 |The term “stability class” may be used\only i Ce ati i he typical
stability fequirement for long term test, for 1 000 h
endurance at 70 °C. Stability requirements for ¢ le stability

class nunjber.

NOTE 2

2.2.20
style

subdivigion of
variants|

onvdimensional factors, which may include|several

NOTE R

group o ithip a family manufactured by similar technological methods

NOTE Related terminglogy: family

2.2.22
surface mount resistor

fixed resistor whose small dimensions and nature or shape of terminations make it suitable for
use in hybrid circuits and on printed boards

NOTE Related terminology: type, style

2.2.23

temperature coefficient of resistance

o

relative variation of resistance between two given temperatures divided by the difference in the
temperature producing it

NOTE 1 It should be noted that the use of the term does not imply any degree of linearity for this function, nor
should any be assumed.

NOTE 2 Related terminology: variation of resistance with temperature
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2.2.24

temperature rise

Tr

increase of temperature on or within a resistor generated by application of a dissipation and
depending on the thermal properties of the resistor, i.e. its capability to abduct the dissipation
to the environment

2.2.25

type

group of components having similar design features and manufacturing techniques, enabling
them to be considered together either for qualification approval or for quality conformance
inspection. They are generally covered by a single detail specification

NOTE 1 |Components described in several detail specifications, may, in some cases,
to the same type and may therefore be grouped for quality assessment purposes.

considerad~as’|belonging

NOTE 2 |Mounting accessories are ignored, provided they have no significant effe

NOTE 3 |Related terminology: style

2.2.26
upper dategory temperature
ucT
maximum ambient temperature at which a resistor.h i ' nuously
at that gortion of the rated dissipation which is ind

NOTE 1 |[For resistors with a linear derating dow erature is

equal to the maximum element temperature.

NOTE 2

2.2.27
variation
variatioﬁl

of resistance istance

NOTE RElated term

2.2.28
visible
visible d

2.2.29
voltage)
reversib
change

centage
n resistance.ger applied volt

2.3 Preferred values
2.3.1 General

Each sectional specification shall prescribe the preferred values appropriate to the subfamily;
for nominal resistance, see also 2.3.2.

2.3.2 Preferred values of nominal resistance

The preferred values of nominal resistance shall be taken from the series specified in
IEC 60063.

2.4 Marking

The information given in the marking is normally selected from the following list; the relative
importance of each item is indicated by its position in the list:
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a) nominal resistance;
b) tolerance on nominal resistance;

c) temperature coefficient (if applicable);

d) year and month (or week) of manufacture;
e) number of the detail specification and style reference;

f) manufacturer's name or trade mark.

The resistor shall be clearly marked with a) and b) above, and with as many of the remaining
items as is practicable. Any duplication of information in the marking on the resistor should be
avoided.

The pagkage containing the resistor(s) shall be clearly marked with e Anfortrnatign listed
above.

Any additional marking shall be so applied that no confusion cag’ar

Small resistor styles are generally not marked on the Bedy. sr, if 'some mdrking is
applied |to the body, the resistor shall as a minimum b Wi enbminal repistance
according to IEC 60062, Clause 3. Specific requiren :(IN¢ ribed in the felevant
specifications.

2.5 (oding

When ¢
be sele(

date of manufacture, the methjod shall

2.6

Where all provide information about pa¢kaging,
preferal]

2.7

Unless onditions shall not exceed the following limits:

— maxi +40 °C

— maxi 75 %

The res hra ored in original package.

Further feguirements’shall be prescribed by the relevant specification.

2.8 ransportation

Environmental conditions under transportation may exceed the above specifications for a
limited duration. The relevant specification may specify suitable conditions.

3 Quality assessment procedures

When this standard, and related sectional and detail specifications are used for the purpose of
a full quality assessment system such as IEC Quality Assessment System for Electronic
Components (IECQ), the relevant clauses of Annex Q apply.

NOTE Clause 3 has been moved to Annex Q. To maintain reference to previous editions of this standard, the
clause numbers of Clause 3 have been converted into the clause numbers of Annex Q as shown by following
example:

Subclause 3.1 — Clause Q.1
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Subclause 3.1.2 — Subclause Q.1.2

4 Test and measurement procedures

4.1 General

The sectional and/or blank detail specification shall indicate the tests to be carried out, the
measurements which are to be made before and after each test or subgroup of tests, and the
sequence in which the tests shall be performed. The stages of each test shall be carried out in
the order written. The measuring conditions shall be the same for_initial and final
measurIments.

If natiopal specifications within any quality assessment system ing er than
those specified in the above documents, these methods shall be full

The lim|ts given in all specifications are absolute limits. The pri Ki Lrement
uncertainty into account shall be applied (see IEC QC 0010 &

4.2 Standard atmospheric conditions
4.2.1

Unless all be made under gtandard

atmosp

— temperature:
— relafive humidity:
— air pfressure:

a time dufficient

Before measure@s > ’ shall be stored at the measuring temperature for
for recopery at the ep

When n
results [shal
temperg
dispute,
in4.2.3

a temperature other than the specified temperature, the
S be corrected to the specified temperature. The jambient
he-measyrements shall be stated in the test report. In the evént of a
ements shall be repeated using one of the referee temperatures (as given

When tgsts, are conddcted in a sequence, the final measurements of one test may be taken as
the initigl"measurements for the succeeding test.

During the measurements, the resistor shall not be exposed to draughts, direct sunlight or
other influences likely to cause error.

4.2.2 Recovery conditions

Unless otherwise specified, recovery shall take place under the standard atmospheric
conditions for testing (4.2.1).

If recovery under closely controlled conditions is necessary, the controlled recovery conditions
of IEC 60068-1, 5.4.1 shall be used.

4.2.3 Referee conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken from


https://iecnorm.com/api/?name=4e7d6506fda7ddfbc536427ba6d9ad88

-18 - 60115-1 © IEC:

IEC 60068-1, 5.2, as given below, shall be chosen.

Table 1 — Referee conditions

2008(E)

Temperature Relative humidity Air pressure
°C % kPa

20 £ 1 63 to 67 86 to 106

23 £ 1 48 to 52 86 to 106

25+ 1 48 to 52 86 to 106

27 £ 1 63 to 67 86 to 106
4.2.4 Reference conditions
For refefrence purposes, the standard atmospheric conditions for refg 60068-
1, 5.1 apply:
— temperature: 20 °C;
— air pressure: 101,3 kPa.
4.3 rying
When dfying is prescribed, the resistor itioned re reasurement is magle using
procedure | or procedure Il as prescribe i .
Procedyre I: for 24 h + 4 h in an ove tem ature of 55 °C = 2 °C and at a|relative

humidity not exceeding

Procedyre II: for 96 h + 4
The resjstor shall then such as
activated alumina or s S ! kept therein from the time of removal from the
oven to [the begi ' S
4.4 \isual exa
4.4.1
The conditi jnation.
The mafki legible, as checked by visual examination. It shall be in accordance with
the reqdiremen g detail specification.
4.4.2 i i ing)
The dimensions indicated in the detail specification as being suitable for gauging shall be

checked, and shall comply with the values prescribed in the detail specification.

When applicable, measurements shall be made in accordance with [IEC 60294.

Distortions of the component’s shape shall be checked with an optical equipment, and shall

comply with the dimensions prescribed in the detail specification.

The optical equipment shall provide sufficient magnification and geometrical resolution to

ensure an accuracy of 10 % of the permitted dimensional tolerance.
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4.4.3 Dimensions (detail)

All the dimensions prescribed in the detail specification shall be checked and shall conform to
the values prescribed.

4.5 Resistance
4.5.1 Test methods
Measurements of resistance shall be made by using a direct voltage of small magnitude for as

short a time as is practicable, in order that the temperature of the resistance element does not
rise appreciably during measurement.

In the gvent of conflicting results attributable to such test voltages, the| voltage sperified in
Table 2|shall be used for referee purposes.

Table 2 — Measuring voltageS(\x

Rated resistance

R

R<10Q

1095R<100s{ A\ 6 ( \d,:s‘\/
1oogsR<1ka D%
1stR<10kQ( . \ 3
10W§R<WQ\ \ 10
100\k\£2<\R\(<1MQ o \\/ 25
NerSN37 =

isfdnce is less than 10 Q, the measuring
at'the resistor dissipates less than 10 % of

The acdurac oMe url ethod shall be such that the total error does not excegd 10 %
of the talérancs. en'the measurement forms part of a test sequence, it shall be possible to
measur¢ esigtance with an error not exceeding 10 % of the maximum|change
permittg at-teshsequence.

In additlon<io the provisions for reference purposes, the points of measurement for fesistors
shall be spetifiedimthe Tespective sectiomatspecifications:

For leaded resistors a suitable definition should be based on a defined distance from the
resistor body.

For SMD resistors a suitable definition should be based on a reference to the component side
on which the resistance is to be measured.

Reproducibility of the measurement is the most critical issue, therefore the definition may
exclude the influence of the mounting of the specimen, for example, the influence of attached
solder.
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4.5.2 Requirements

The resistance value at 20 °C shall correspond with the nominal resistance taking into account
the specified tolerance.

4.6 Insulation resistance

NOTE This test is applicable only to insulated resistors.
4.6.1 Test methods

The test shall be performed using one of the following four methods, as prescribed in the
relevant detail specification. The V-block method is the preferred method for resistors without
mountinjg devices.

4.6.1.1 V-block method

The redlistor shall be clamped in the trough of a 90° metallic V~hlo izethat the
resistor |body does not extend beyond the extremities of the bloc

The clamping force shall be such as to guarantee adeguate - stor and
the blogk. The clamping force shall be chosen in such a wa ~ mage to
the resistor occurs.

The res|stor shall be positioned in accgrd

a) for gylindrical resistors: the resistor shall be po a-te block so that the termination
farthest from the axis of the resistor/is neare

b) for rectangular resistorsathe resisto sh sitionéd in the block so that the ternination
nearest to the edge ofdhe xesjstoriis hearést 1o one of the faces of the block.
For cylipdrical and rectangula [ ith~axial’ leads, any out-of-centre positioning of the

point of emergence of 1 ve body shall be ignored.
4.6.1.2 ;

This is 4

A metal|fojl sk oSely around the body of the resistor.

For resi aXing~gxial terminations, a space of 1 mm to 1,5 mm shall be left between
the edgé of thexgil any each termination.

For resigtors having axial terminations, the foil shall be wrapped around the whole body of the
resistor protruding by at least 5 mm from each end, provided that a minimum space of 1 mm
between the foil and the termination can be maintained. The ends of the foil shall not be folded
over the ends of the resistor.

4.6.1.3 Method for resistors with mounting devices

The resistor shall be mounted in its normal manner on a metal plate (or between two metal
plates) extending at least 12,7 mm in all directions beyond the mounting face of the resistor.

4.6.1.4 Method for rectangular surface mount resistors

The test shall be performed with the resistor mounted as shown in Figure 1.

The clamping force of the spring shall be 1,0 N = 0,2 N, unless otherwise specified in the detail
specification. The point of contact of the metal block shall be centrally located to ensure good
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repeatability of the results.

1 5
\ o)
o
4
/
o
;H\é 3
2
Key
1 Metal block, test point A
2 Terminations of the resistor
3 Coating side
4 Radius 0,25 mm to 0,
4.6.1.5
The tes
The clafnping forcg™o
specific
Dimens
contact
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IEC 227/99

Jig details:

Pressure

IEC 105/01

4 V-shaped metal block, test point A
5 Insulation material

— Insulation resistance and voltage proof test jig
for cylindrical surface mount resistors

4.6.2 Measuring conditions

For all resistors except surface mount resistors, the insulation resistance shall be measured
between both terminations of the resistor connected together as one pole and the V-block or
the metal foil or the mounting device as the other pole. The measuring voltage shall be either
100 V + 15 V d.c. for resistors with an insulation voltage lower than 500 V or 500 V + 50 V d.c.
for resistors with an insulation voltage equal to or greater than 500 V.

For surface mount resistors, the insulation resistance shall be measured with a direct voltage
of 100 V = 15V or a voltage equal to the insulation voltage between test points A and B, as
shown in Figure 1 and Figure 2 (test point A shall be positive).

The voltage shall be applied for 1 min or for such shorter time as is necessary to obtain a
stable reading; the insulation resistance shall be read at the end of that period.
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4.6.3 Requirements

The insulation resistance shall be not less than the value prescribed in the relevant
specification.

4.7 Voltage proof
4.7.1 Test methods

The test shall be performed using one of the methods specified in 4.6.1, as prescribed in the
relevant specification.

The V-bleekmethos

4.7.2

For all fesistors except surface mount resistors, the test voltage e applied between the
terminalions of the resistor connected together as one pole, k netal foil or

mountinig S i b Hz) and
shall be|increased, at a rate of about 100 V/s, from zero to apeak ) » he value

inue to be applied for

For sur o 60 Hz, with a peak valug of 1,42
times tHe insulation voltage, shall be i of 60 s £ 5 s between test points A
and B & H be applied gradually at a| rate of

approxi

4.7.3

There o
flashovaer.

uA) or

4.8 Vlariation &
4.8.1

The res d in the

relevant

4.8.2 Measuringfemperatures

The resistor shall be maintained at each of the following temperatures in turn or at other
temperatures specified in the relevant specification:

a) 2013 °C;

b) lower category temperature + 3 °C;
+5 o,

c) 2077 °C;

d) upper category temperature = 2 °C;
5 o

e) 20f1 C.

4.8.3 Measuring procedures

Resistance measurements shall be made at each of the temperatures specified in 4.8.2, after
the resistor has reached thermal stability.
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The condition of thermal stability is deemed to be reached when two readings of resistance
taken at an interval of not less than 5 min do not differ by an amount greater than that which
can be attributed to the measuring apparatus.

The temperature of the resistor at the time of measurement shall be recorded. The error of
measurement of temperature shall not exceed 1 °C.

4.8.4 Calculation of temperature coefficient of resistance «

The temperature coefficient of resistance o between 20 °C and each of the other temperatures
specified in 4.8.2 shall be calculated from the following formula:

AR
o= X
RxAT

where

AT is and the

referend
AR is
R is

The tem 10°/K).

If the re shall be

calculat

Lo er\cgfﬁ&)ry Upper category
temperature temperature
\A Re R¢ +Re

2 2
Ry - R Ry—-R

If the tdgmpera
differenges (AT) be

orded in 4.8.3 are designated T,, Ty, T,, T4 and T, the temperature
en the recorded temperatures shall be calculated as shown in Tible 4,

Table 4 — Calculation of temperature differences (AT)

Lower category temperature Upper category temperature

AT Tb—Ta+TC Td_Tc+Te
2 2

4.8.5 Requirements

The temperature coefficient of resistance ¢, ascertained as described above, shall be within
the limits prescribed in the detail specification for the appropriate category temperature.

When the resistance value is greater than 5 Q but less than 10 Q, the temperature coefficient
shall not exceed the limits prescribed in the detail specification for values equal to or above
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10 Q by more than a factor of 2.

NOTE The temperature coefficient of resistance is not specified for resistance values of less than 5 Q owing to
difficulty of accurate measurement.

4.9 Reactance
491 Test procedures

The reactance test is applicable only to resistors for which a low reactance is required and is
specified in the detail specification. It is a suitable test for inductance in the range exhibited by
wire-wound resistors. The instrumentation shown in Figure 3 can be used for resistors with a

H + o laYal Tl Hn [ 1o n PN - 4 4-O- 00—
L/R t|mt yrcaicl tUidlilh 2U TTo. TTIT TTOIS AL TallyT Wit LdlT DS 1ToLITU 15 TIAOTT U3zt 1 MQ

A suitable impedance analyzer may be used as an alternative to shown in

Figure 3, see 4.9.5.

IEC 228/99

1 pulse generator

2 oscillgscope

R, resistor under te@

R, non-inductive resisto

tely equal to 0,1 times the resistance of R,

NOTE T between the generator and resistor Rx should not exceed 50 mn.

Figure 3 — Test circuit

4.9.2

The pul$e generatorghall have the following characteristics.

a) Pulse width: sufficient to cover three Times L/R period.

b) Rise time on load (10 % to 90 %): less than 3 ns.

c) Repetition rate: greater than 10 kHz, or that required to obtain good oscilloscope readability.
4.9.3 Oscilloscope specification

The oscilloscope shall have the following characteristics.

a) Rise time (10 % to 90 %): less than 3,7 ns (frequency response: 100 MHz or better).
b) Time base: 2 ns per mm or faster.

c) Input capacitance at R_ should be 25 pF or less.

d) Amplification shall be sufficient to obtain good readability with the pulse voltage used.
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4.9.4 Measurements

The L/R time constant is determined by measuring the time between the start of the pulse and
the time when the voltage attains 63,2 % of the maximum (see Figure 4). If there is noise or
distortion at the start of the rise, the zero voltage point can be determined by extension of the
curve. If there is no overshoot or oscillation and the L/R time is greater than 20 ns, then the
formula below can be used with sufficient accuracy:

effective inductance (H) = L/R (s) x R (Q)

NOTE A specification limit could be set either as a maximum L/R time or, resulting from use of the calculation, as
a maximum inductance.

A

Voltage

Maximum

63,2 %

0 QA@®,

IEC 229/99

4.9.5 Impedance analy

High fre
The me

410 N

The res
be appl
severe.|When
specifiefl in the detai

Itage to
the less
shall be

dted voltage or the limiting element voltage, whichever is
are specific requirements for non-linearity, such requirements
pecification.

4.11 Voltage coefficient
4.11.1 Preconditioning

The resistor shall be dried using either procedure | or procedure Il of 4.3, as prescribed in the
relevant specification.

4.11.2 Measuring methods

The resistance shall then be measured at 10 % and at 100 % of either the rated voltage or the
limiting element voltage, whichever is the smaller. The 100 % voltage shall be applied for not
more than 0,5 s in every 5 s; the 10 % voltage shall be applied for 4,5 s. Care shall be taken
that there is no appreciable temperature rise of the resistor.
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4.11.3 Calculation of voltage coefficient

The voltage coefficient is normally expressed in per cent per volt and shall be calculated from
the following formula:

(Ro —Ryq)

voltage coefficient= —=————
09x(UxRy)

%100 [%]
where

U is the higher applied voltage;

R, is the resistance measured at 0,1 x U;

R, is the resistance measured at U.

4.11.4 | Requirements

A

The vajue of the voltage coefficient shall not exceed th relevant

specification.

4.12 Noise

The res|stors shall be subjected to the procedure

4.13 Short time overload
4.13.1 | Initial measurements

The res

4.13.2 | Test procedu

The resjstor shall’be ™ winding
shall be| horizon n 15 °C
and 35 [C. A voltage e of the
voltage hati its\applicativon shall be as prescribed in the relevant specification.
Connec per wire
of appr relevant
specific

4.13.3

After a visually

examingd<{T here shall be no visible damage and the marking shall be legible.

The resistance shall then be measured as specified in 4.5. The change of resistance, with
respect to the value measured in 4.13.1, shall not exceed the value prescribed in the relevant
specification.

4.14 Temperature rise
4.14.1 Object

Resistors having a nominal resistance less than the critical resistance shall be subjected to the
following test.

4.14.2 Mounting

The resistor shall be mounted horizontally. For wire-wound resistors, the axis of the winding
shall be horizontal. Connections shall be made in the usual manner. For resistors with
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soldering tags, copper wire of approximately 1,0 mm diameter shall be used for connecting the
resistors.

Surface mounting (SMD) resistors shall be mounted normally on a 1,6 mm thick copper clad

epoxide woven E-glass laminated circuit board as defined, for example,

in IEC 61249-2-7,

IEC 61249-2-22 or IEC 61249-2-35. A 0,635 mm thick alumina substrate may be used if
explicitly specified in the relevant specification for resistors which are typically assembled and
operated on such substrates.

4.14.3

Test procedures

The ambient temperature for the test shall be 15 °C to 35 °C. There shall be no air circulation

other th

The ratg

temperg

T that produced by maturat convection caused by the heated Tesis

d voltage shall be applied.

dimensipns as not to affect the result of the measurement.

4.14.4

The tem

If applic
of temp

415 R
4.15.1

Resisto

4.15.2

The bog

faces begi

thrust ag

device h

4.15.3

Requirements

perature rise shall not exceed the value p

able, infrared thermometer, tha
brature.

obustness of the
Object

s having

Test proced

ed after
of such

Urement

est.

the end
mm. A
ody in a
rough a

At the cenesl
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5 mm max.

5 mm max.

6 mm min. > |

1 suppo
2 devicq

3 load

416 R

4.16.1

The resi

The res

4.16.2
The fordg

— fort

—  for

rt

Test methods

Vire terminations:

Figure 5 — Tes

through which the load is applied

obustness of terminations

ee Table 5.

sthess

and Ud of IEC 60068-2-21, as applid

ified’in the detail specification.

able.
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Table 5 — Tensile force for wire terminations

Nominal cross-sectional Corresponding diameter for Force
area circular-section wires
mm? mm N
S$<0,05 d<0,25 1
0,05 <S<0,1 0,25<d<0,35 2,5
0,1<8<0,2 0,35<d<0,5 5
02<5<05 05<d<0,8 10
05<S<1,2 08<d<1,25 20
1,2< S8 1,25 <d
NOTE For circular-section wires, strips or pins: the nominal c
area is equal to the value calculated from the nominal dimension(s)
relevant specification. For stranded wires, the nominal cross- sex t|o
obtained by taking the sum of the cross-sectional areas of
of the conductor specified in the relevant specification.
4.16.3 | Test Ub — Bending
Method test shall not [apply if,
in the deata|l specification, the terminations are dg
4.16.4 | Test Uc — Torsion
Method [A, severity 2 (two successive ro
This tedt shall not apply Bs rigid,
and it shall not apply to i i ignal terminations designed for printgdd wiring
applicat
4.16.5
This tes jnations with threaded studs or screws and for|integral
mountin|
Table 6 — Torque
NS
WI Wmeter 2,6 3 3,5 4 5 6
m
Torque Severity 1 0,4 0,5 0,8 1,2 2,0 2,5
Severity 2 0.2 0,25 0.4 0,6 1.0 1,25
4.16.6 Final measurements

The following procedure shall be applied.

a) After each of these tests, the resistors shall be visually examined. There shall be no visible

damage.

b) At the conclusion of the last of these tests the resistance shall be measured as specified in
4.5. The change of resistance with respect to the value measured in 4.16.1 shall not
exceed the value prescribed in the relevant specification.

4.17 Solderability

NOTE Not applicable to those terminations which the detail specification describes as not designed for soldering.
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4.17.1 Preconditioning

The relevant specification shall prescribe whether ageing is to be applied. If accelerated ageing
is required, one of the ageing procedures given in IEC 60068-2-20 shall be applied.

Unless otherwise stated in the relevant specification, the test shall be carried out with non-
activated flux.

4.17.2 Test procedures

Unless otherwise stated in the relevant specification, one of the following tests as set out in the
same specification shall be applied.

The tes{ conditions shall be defined in the relevant specification.

a) For all resistors except those of item b) and c) below:
1) IEC 60068-2-20, Test Ta, method 1 (solder bath)

Depth of immersion (from the seating plane or compopent\o

3,0 f8,5 mm, using a thermal insulating screen of ness;

2) |

3) 1
NOTE |IH between
manufactyirer and customer.
b) For ded for

sold

1) IEC 60068-2-20, T

Depth of immer

2) IEC 6006{?
c) For surface mo

1) | 8

2) | bath wetting balance or solder globule wetting balance method.
NOTE |IH between

manufacty

4.17.3

The terminations shall be examined for good tinning as evidenced by free flowing of th[e solder
with Weﬂting of the terminations.

The resistors shall meet the requirements as prescribed in the relevant specification.

4.18 Resistance to soldering heat
4.18.1 Preconditioning

When prescribed by the relevant specification, the resistors shall be dried using the method of
4.3.

The resistors shall be measured as prescribed in the relevant specification.
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4.18.2 Test procedures

Unless otherwise stated in the relevant specification, one of the following tests as set out in the
same specification shall be applied.

The test conditions shall be defined in the relevant specification.

a) For all resistors except those of item b) and c¢) below:
IEC 60068-2-20, Test Th, method 1 (solder bath).

b) For resistors not designed for use in printed boards, but with connections intended for
soldering as indicated by the detail specification:

1) |EE-66668-2-20FestTb,method-t{soiderb=a
2) IEC 60068-2-20, Test Tb, method 2 (soldering iron).
c) For surface mounting resistors:

IEC b0068-2-58, reflow or solder bath method.

4.18.3 | Recovery

The perjod of recovery shall, unless otherwise specifiedby > not less
than 1 H nor more than 2 h, except for surface mount/fesistor i ecovery
shall be[24 h £ 2 h.

4.18.4
For all r

— whe
- ther]a shall be no visib
— the e

Surface| mount i
requirements as presckit

419 R

eet the

4.19.1

The res

4.19.2 | Test'precedures

The res|stors shall be subjected to test Na of IEC 60068-2-14. Preferred numbers of cycles are
5, 100, 200, 500 and 1 000, to be specified in the relevant specification. Unless otherwise
specified in the relevant specification, the duration of the exposure at each of the extremes of
temperature shall be 30 min. Unless otherwise specified the transition time, t, between the
temperatures shall be less than 30 s.

The resistors shall then remain under standard atmospheric conditions for recovery for not less
than 1 h and not more than 2 h.

For this test, only the number of cycles is counted. During interruptions, the components shall
be stored under standard atmospheric conditions.

4.19.3 Final inspection, measurements and requirements

After recovery, the resistors shall be visually examined. There shall be no visible damage.
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The resistance shall be measured as specified in 4.5. The change of resistance with respect to
the value measured in 4.19.1 shall not exceed the limit prescribed in the relevant specification.

4.20 Bump
4.20.1 Mounting

The resistor shall be mounted as indicated in the relevant specification.

4.20.2 Initial measurements

The resistance shall be measured as specified in 4.5.

4.20.3 | Test procedures

The resfistors shall be subjected to test Eb of IEC 60068-2-29, us

degree o §everity
prescribed in the relevant specification.

4.20.4 | Final inspection, measurements and requiremepn

After the test, the resistors shall be visually examined. T 1 iSivle damage.

The res of resistance with rejspect to
the value measured in 4.20.2 shall not g g limi inthe relevant specification.

4.21 Slhock
4.21.1 | Mounting

The res|stor shall be mounted as(indi evant specification.

4.21.2 | Initial measu
The res|stance s@:

4.21.3

The red|i ected to test Ea of IEC 60068-2-27, using the degree of |severity
prescribedN N

4.21.4

When grescribed invthe detail specification, measurements of resistance shall be vlnade at
intervalg dufing the test, as prescribed in the relevant specification.

4.21.5 Final inspection, measurements and requirements

After the test, the resistors shall be visually examined. There shall be no visible damage.

The resistance shall be measured as specified in 4.5. The change of resistance with respect to
the value measured in 4.21.2 shall not exceed the limit prescribed in the relevant specification.

4.22 Vibration
4.22.1 Mounting

The resistor shall be mounted as indicated in the relevant specification.
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4.22.2 Initial measurements

The resistance shall be measured as specified in 4.5.

4.22.3 Test procedures

Unless otherwise prescribed by the relevant specification, the resistors shall be subjected to
test Fc of IEC 60068-2-6, using the degree of severity prescribed in the relevant specification.

When specified in the detail specification, during the last half-hour of the vibration test, in each
direction of movement, an electrical measurement shall be made to check intermittent contacts,
or open or short circuit. The duration of the measurement shall be the time needed for one
sweep gfthefi cegueENTYy Tange fromone flcquclluy extremetotheother:

4.22.4 | Final inspection, measurements and requirements

After the test, the resistor shall be visually examined. There sha i . When
the resiptors are tested as specified in 4.22.3, there shall be<no int greater
than or gqual to 0,5 ms, nor open or short circuit.

The res|stance shall be measured as specified in 4.5. 4
the value measured in 4.22.2 shall not exceed the linfi

spect to
levant specifjcation.

4.23 (limatic sequence
In the climatic sequence, an interval of i i’ permitted between any of the

tests, except that the cold test shall be/applied i ately after the recovery period gpecified
for the fjrst cycle of the damp heat, cyclic, tQD 60068-2-30.

Initial measureme

O

4.23.1

The foll

a) the ribed in
the :|

b) the

4.23.2

The redi category

temperg

4.23.3 | Damp heat, cyclic, test Db, first cycle

The resistors shall be subjected to test Db of IEC 60068-2-30 for one cycle of 24 h, using a
temperature of 55 °C (severity b)).

4.23.4 Cold

The resistors shall be subjected to test Aa of IEC 60068-2-1:1990, at the lower category
temperature, for a duration of 2 h.

4.23.5 Low air pressure
The following procedure shall apply:

a) the resistors shall be subjected to test M of IEC 60068-2-13, using the degree of severity
prescribed in the relevant specification;


https://iecnorm.com/api/?name=4e7d6506fda7ddfbc536427ba6d9ad88

60115-1 © IEC:2008(E) - 35—

b) the test shall be carried out at a temperature between 15 °C and 35 °C. The duration of the

test shall be 1 h.

4.23.6 Damp heat, cyclic, test Db, remaining cycles

The resistors shall be subjected to test Db of IEC 60068-2-30 for the following cycles of 24 h,

as indicated in Table 7, under the same conditions as used for the first cycle.

Table 7 — Number of cycles

Climatic categories Number of cycles

/56 5

—/-121
—/-/10
—/-104

4.23.7 | DC load

This test shall be applicable only to non-wire-wound resisto

At the €nd of the test, the resistors shall be subjected t6 the s
for testing. The time of transfer shall be as shoy

30 min £ 5 min after removal from t
voltage [for 1 min. The voltage shal
whichever is the smaller. The resisto
conditiops for testing for not less than 1

4.23.8 | Final inspectio

The res|stor shall then jpe vi i here/shall be no visible damage and the

shall bellegible.

The registance
measur¢d as spegi
42310 f escribed in the relevant specification.

The ins
specificgt

I be not less than the value prescribed

424 D

NOTE This(test is also Khown as load humidity test or 40/93-test.

Il be subjected t
e limiting element

ors only, the insulation resistance shall
[ resistance with respect to the value meas

nditions
min. At
b a d.c.
voltage,
bspheric

marking

hen be
ured in

relevant

4.24.1 Initial measurements

The resistance shall be measured as specified in 4.5.

4.24.2 Test procedures

The resistors shall be subjected to test Cab of IEC 60068-2-78 using the severity of

— temperature: 40 °C £ 2 °C;
— relative humidity: 93 % * 3 %;

— duration: according to the climatic category of the resistor as indicated in the relevant

specification.
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For insulated resistors or for resistors which are normally mounted on or between metal plates
with or without additional insulation, a division into three groups shall be effected as follows:

a) the first group shall be subjected to the test without any voltage applied;

b) the second group shall be subjected to the test with a direct voltage between the

term

inations. The voltage to be applied shall be selected from the following series:

0V;025V;0,4V;063V;1V;16V;25V;4V;63V;10V;16V; 25V; 40V; 63V and
100 V.

The voltage selected shall be the next lower value to the value derived from a calculation of

the

oltage required, so that the resistor is dissipating 0,01 times the rated dissip

ation, or

shal
test

tolen
c) the
betw
conr
sour
4.24.2.2
For all g
b) of 4.3
4.24.3

hird group shall be subjected to the test with a direct
een the mounting plates and one of the terminatid
ected to the negative pole and the termination tp

For all other resistors

ther resistors, the lot shall be divided int
4.2.1 shall be carried out.

DC load

This test shall be applicable only to no wir%n

At the €
for testi
30 min

voltage
whicheVv
conditio

4.24.4

The redi

marking

The reg

nd of the test,
ng. The time o

t 5 min er
for 1 h
er is the “sp

he rated voltage or the limiting element
shall then remain in the standard atm

istance ang

for insulated resistors only, the insulation resistance shall

hout the
Itage, a

applied
tes are
voltage

5 a) and

nditions
min. At
b a d.c.
voltage,
bspheric

and the

hen be

measur¢d as specified. The change of resistance with respect to the value measured i
shall nopammmmW' i ification:

The insulation resistance shall be not less than that prescribed in the relevant specification.

425 E
4.25.1
4.25.1.1

The resi

ndurance
Endurance at 70 °C
Initial measurements

stance shall be measured as specified in 4.5.

n 4.24.1
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4.25.1.2 Test duration
The resistors shall be subjected to an endurance test of 42 days (1 000 h) at an ambient

temperature of 70 °C + 2 °C. The relevant specification may specify an extended duration of
the test (see 4.25.1.8).

4.251.3 Test voltage

The voltage shall be applied in cycles of 1,5 h on and 0,5 h off throughout the test. This voltage
shall be the rated voltage or the limiting element voltage, whichever is the smaller.

The applied voltage shall be within £5 % of this voltage.

NOTE Thpe half-hour off-periods are included in the total test duration specified in 4.2512.

4.25.1.4 Mounting

The res|stor shall be mounted as indicated in the relevant specification.

There shall be no undue draught over the resistors. If force iS used in|the test
chambey, the resistors shall be protected so that the dratght, otkér than by natural
convect|on, over the resistors.

4.25.1. Test chamber

The size of the testing chamber and the numt nder test shall be sych that,
when al| resistors are fully loaded, the he quB by them shall be less than that fequired
to mainftain the atmosphere in the cham o that the temperature can| still be
controllgd by the heating g e>controlling elements shall be [suitably
spaced |from the resistor§ d ¢ i dso’as not to be directly influenced by the

of the resistgrs. in this |Jtést, that the ambient temperature of the

radiatio

After approximate 000 h, the resistors shall be removed from the ¢hamber
and allowed to recove ard atmospheric conditions for testing, for not less than 1 h
and not|more ) c noval from the chamber shall take place at the end of the half-

Alternatjvely i ange measurements may be made at test temperature [and the
marking shall kle. In that case, at the beginning of the test, an additional registance
measuré¢mehntjat te émperature, for reference purposes, has to be made. However, initial and
final mefasdurements shall always be made under standard atmospheric conditions for testing.

4.25.1.7 Final inspection, measurements and requirements

The resistors shall be visually examined. There shall be no visible damage and the marking
shall be legible. The resistance shall be measured as specified in 4.5 and the change in
resistance with respect to the value measured in 4.25.1.1, in each of the succeeding
measurements, shall not exceed the value prescribed in the relevant specification.

After intermediate measurements, the resistors shall be returned to the test chamber. The
interval between the removal of any resistor from the chamber and its return to the chamber
shall not exceed 12 h.

After 1 000 h, the insulation resistance shall be measured (insulated resistors only) and the
value shall be not less than that prescribed in the relevant specification.
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4.25.1.8 Extended test
When prescribed by the relevant specification, the duration of the test shall be extended by a

specified period. For this period, the relevant specification shall specify the time at which any
measurements shall be made and the requirements.

4.25.2 Endurance at room temperature
4.25.2.1 Initial measurement

The resistance shall be measured as specified in 4.5.

4.25.2.2—Festduration

ambient
duration

The redistors shall be subjected to an endurance test of 42 days
temperdture between 15 °C and 35 °C. When required by the detai
of the tgst may be extended (see 4.25.2.7).

4.25.2.3 Test voltage

All heattsink resistors shall be tested with an alternati cified in

the detqil specification.

When fesistors specifically designed or d.c.\applicati | surface
tempersa ' on shall
be exte ase, the
voltage

The volfage applied to tt

NOTE The half-ho i2

4.25.2.4 Mountif

The res
There s the test
chambe| natural
convect

4.25.2.5 “‘Recovery

After approximately 48 h, 168 h, 500 h and 1 000 h, the resistors shall be removed from the
chamber and allowed to recover, under standard atmospheric conditions, for testing for not
less than 1 h and not more than 4 h.

4.25.2.6 Final inspection, measurements and requirements

The resistors shall be visually examined. There shall be no visible damage and the marking
shall be legible. The resistance shall be measured as specified in 4.5 and the change of
resistance with respect to the value measured in 4.25.2.1 shall not exceed the value prescribed
in the relevant specification.

After intermediate measurements, the resistors shall be returned to the test chamber. The
interval between the removal of any resistor from the chamber and its return to the chamber
shall not exceed 12 h.
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After 1 000 h, the insulation resistance shall be measured (insulated resistors only), as
specified in 4.6, and the value shall be not less than that prescribed in the relevant
specification.

4.25.2.7 Extended test
When prescribed by the relevant specification, the duration of the test shall be extended by a

specified period. For this period, the relevant specification shall specify the time at which any
measurement shall be made and the requirements.

4.25.3 Endurance at upper category temperature

4.25.3. 1 tmitiatmeasurement

The res|stance shall be measured as specified in 4.5.

4.25.3.2 Test duration and procedures
The redlistors shall be subjected to an endurance test of 42 da an jambient

temperdture equal to the upper category temperature prescri in H ant specification.
When required by the detail specification, the duration of tt

4.25.3.3 Test voltage

The volfage shall be applied in cycles ¢

The vol
dissipat

category

The app

NOTE T

When t
specifie

nner as

the test
natural

There sk
chambe|
convect

4.25.3.q Test chamber

The size of the testing chamber and the number of resistors under test shall be such that,
when all resistors are fully loaded, the heat produced by them shall be less than that required
to maintain the atmosphere in the chamber at the upper category temperature so that the
temperature can still be controlled by the heating elements. The temperature-controlling
elements shall be suitably spaced from the resistors and shall be shielded so as not to be
directly influenced by the radiation of the resistors. It is assumed, in this test, that the ambient
temperature of the resistors is the same as the upper category temperature.

4.25.3.6 Recovery

After approximately 48 h, 500 h and 1 000 h, the resistors shall be removed from the chamber
and allowed to recover, under standard atmospheric conditions for testing, for not less than 1 h
and not more than 4 h. The removal from the chamber shall take place at the end of the half-
hour off-period for those resistors which are dissipating power.
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The resistors shall be visually examined. There shall be no visible damage and the marking
shall be legible. The resistance shall be measured as specified in 4.5. The change of
resistance with respect to the value measured in 4.25.3.1, in each of the succeeding
measurements, shall not exceed the value prescribed in the relevant specification for the
corresponding endurance test at 70 °C (4.25.1) or at room temperature (4.25.2).

After intermediate measurements, the resistors shall be returned to the test chamber. The
interval between the removal of any resistor from the chamber and its return to the chamber
shall not exceed 12 h.

After 1
value sh

4.25.3.8

When p
specifie

measur¢ments shall be made and the requirements.

4.26 Accidental overload test

4.26.1 | Object
The object of the accidental overload\{estNs o assess e hazard, resulting f
applicatjon of overload to low-power non-wire-wqunhd, resjstors.

4.26.2

The tes
a distan

A single
(see Fig

The inte
or equa
equally
cylinder

00—, the imsutation Tesistance shattbe measured (Msutated Tesistors_onty)
all be not less than that prescribed in the relevant specification.

Extended test

rescribed by the relevant specification, the duration of {
H period. For this period, the relevant specification ghall

comstructed from cylindrical wire with a diameter sma
sopper wire shall not be used. The framework wires

and the

ed by a
nich any

rom the

r test, at

cylinder

ler than
shall be
b gauze
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Ais 50 mm £ 1,5 mm larger than the compone

B is not |4

The len
specimg

The chs
per pou

The chd
for 24 h

The tes
the unit|underies

23

e placed in the fixture so that the gauze cylinder is centred
pth the axial and longitudinal direction.

of the

the type
5 yards

testing

around

4.26.3 -Gonditiens—oftest

4.26.3.1 Ventilation

The test shall be made in an area which is suitably vented for elimination of smoke and fumes.

The air velocity over the test specimen shall not exceed 30 m per minute.

4.26.3.2 Mounting clips

The mounting clips shall be of a lightweight terminal design, and shall contact the leads of the
component in such a manner that no excessive heat dissipation resulting from the mounting

method affects the test results.
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4.26.4 Test procedure

When this test is prescribed by a detail specification, the detail specification shall also specify
the resistance range for which the test applies and the resistance range from which the test
sample shall be taken.

The resistors shall be connected to a constant a.c. voltage supply at standard atmospheric
conditions for testing, unless otherwise specified in the detail specification.

Overloads of 5, 10, 16, 25, 40, 63 and 100 times the rated dissipation shall be applied to the
resistors under test, but the applied voltage shall not exceed four times the limiting element
voltage, unless otherwise specified in the detail specification.

Each oVerload shall be applied to a fresh specimen for a duration of or until
the resigstor becomes open-circuit or the gauze cylinder ignites, whiche

During the test, the current through each resistor shall be mo#ito ment of
the voltage across a low value resistor in series with the registo St. e of this

series resistor shall be equal to or less than 1 % Rygt.

The volfage across the series resistor is then a mea
be observed.

During g¢ach overload, the times of oc&urrex

r@] |

a) flamlng of the gauze cylinder;

b) low iImpedance or open circuit (for ipfor

4.26.5 | Requirement

There s

4.27.1

The ob
conditio

le-pulse

This te
charactgristicss

ers and

NOTE The repetitive voltage is usually a function of the circuit and increases the power dissipation of the device.
A non-repetitive—transtent vu:tayc s uaua“y due—to—amextermat—cause—and—it—s—assumed—that—its—effect has
completely disappeared before the next transient arrives.

4.27.2 Terminology

To define the pulse load, the terms and definitions given in IEC 60060-1 shall apply.

4.27.3 Test procedure
4.27.3.1 Description of test equipment

The test equipment shall be able to deliver at least six pulses per minute of the required pulse
shape into the resistor under test.

The circuit diagrams to achieve the two preferred pulse shapes are shown in Figures 7 and 8.
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Component values in microfarads or ohms

4Q 33,5 Q

O L ] o - L] (a)
High-voltage
source ——— 2uF 33Q —— 0,1pF
o O (b)
—1EC_233/90
Figure 7 — Pulse generator 1,2/50
Component values in microfarads or ohms
15Q
o— 1} o - I @)
4

High-voltage

source 20 uF 50 Q A uF

o o (b)

IEC 234/99

NOTE The switch indicated i _Fi 8 k gap or a mechanical switch or a thyristor gwitch, as
appropria )
4.27.3.2
Before fhe test bé i m under
standar i \ esistors
shall be
4.27.3.3
Unless ptherwise~specified, the resistors shall be visually examined and the resistance|shall be

measurfd.

4.27.3.4 Conditioning
The method of mounting of the resistor shall be specified in the relevant specification.
The resistor shall be tested under standard atmospheric conditions for testing.

The test is performed with the test specimens dry and clean at ambient laboratory temperature.
The voltage pulse applied shall be based upon the application and shall be selected from
Table 8.

The pulse test voltage shall be applied with the appropriate severity as specified in the relevant
specification.The resistor under test is connected across (a) and (b) in Figure 7 or Figure 8.
The voltage shall appear across the terminals of the resistor under test. The relevant
specification shall give the details.
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4.27.3.5 Severities

The test shall be performed with a severity chosen from Table 8.

Table 8 — Severities (see Note 2)

Severity Pulse shape Pulse voltage Number of pulses Total
No. according to 18.1 or u per minute number of
21.1 of IEC 60060-1 pulses
Multiples of Multiples of
T.IT
! 2 UI’ Umax
Hs (*and Note 1) | (* and Note 1)

1 10

1,2/50 15 <6 5
20 N\

2
3

4 10 2 \ w

5 10/1 000 20 3

6 or 30 4 QX <1 10
7 10/700 40 5

8 50

NOTE 1 [U, is the rated voltage; U, is the limiting eleme
NOTE 2 |The given values of pulse voltage arg’prospec voIt ge de d in IEC 60060-1.

* Whichejver is the lower.

4.27.3.4 Recovery

Recove thermal

equilibri

4.27.3.7

The res . There shall be no visible damage. The marking shall
be legib

e value
. unless
otherwig

4.27.3.8 ion to be given in the detail specification

The detalil specification shall include the following:

a) method of mounting of the resistor for the test;

b) test severity, to be selected from Table 8;

c) ambient temperature, if other than 15 °C to 35 °C;
d) failure criteria, for example,

— permissible resistance change, if different from that specified for the endurance test;
— insulation breakdown;

— short circuit;

— open circuit;

— other criteria.
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4.28 Periodic-pulse high-voltage overload test
4.28.1 Object

The object of this test is to determine the ability of a resistor to withstand conditions of short
high overloads occurring periodically (pulse conditions).

Changes in the resistor parameters after the test are basically due to

— internal voltage effects;
— current effects, including local thermal stresses and mechanical forces.

4.28.2 | Terminology

The follpwing terms and definitions apply.

4.28.2.1 Pulse duration (tp)

The durption between pulse start time and pulse stop time.

4.28.2.2 Pulse repetition period (t,)

The intgrval between the pulse start time of a fir time of

the pulse waveform immediately following\n a gex

4.28.2.3

The ste
NOTE U

4.28.3
4.28.3.1

Ise with
ken not
tage for

The pul
the spegifi
to have
each spgci

A block|diagram uitable test equipment is given in Figure C.1. It consists of a deries of
power gmplifiérs ow internal impedance as compared to the resistor under test |(voltage
source)| ‘which can transmit the specified pulse train within the distortion limits given in
Figure C.Z2. These amplifiers are fed from a conventional pulse generator delivering the desired
waveform, when necessary, via further forming, shifting and driving stages.

of a

To permit the use of a more economical power supply for the driver and power stages when
testing many resistors at the same time, it is recommended to drive them sequentially by
appropriately phased pulses.

4.28.3.2 Preconditioning

Before the test begins, the resistors shall have attained thermal and humidity equilibrium under
standard atmospheric conditions for testing.

For special applications, other preconditioning requirements may be given by the relevant
specification.
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4.28.3.3 Initial measurements

Unless otherwise specified, the resistors shall be visually examined and the resistance shall be
measured.

4.28.3.4 Conditioning

The test is performed with unipolar rectangular pulse trains with specified nominal pulse
voltage, having a specified pulse repetition period and pulse duration.

The method of mounting of the resistor shall be specified in the relevant specification and shall
be thermally equivalent to normal endurance testing. The mounting shall not distort the pulse
shape tsidethetinits givcll 1 Figwc €2

At a temperature of 25 °C £ 5 °C (or at such other temperature as mgy i i relevant
specification), the resistor shall be subjected to a contlnuous tke pulses
delivered according to the severity specified by the relevant speci

4.28.3.9 Severities

The se , pulse regpetition
period,
A test s be givep in the
relevant

Severity
N (see|Note 1)

4
Nominal fulse voltage U 10 4.4
(multiples| of U) _ [4n
(see Note|3) " (x (- V30)

Pulse durption ty (us) 150\t0 }S\) 7to 11,5 100 820 to | 000
(see Notel 2) /\

Pulse repgtition 16%667 000 59 to 72 2 500 16 667 to]20 000
period £ (us) an

corresporldipg frequency Mto 60 Hz 14 kHz to 17 kHz 400 Hz 50 Hz to|60 Hz
(see Notel2)

Equivaler}t averageldowex PN/~ 100 100 100 10
(% of P)

Duration ¢f tést-thours) 100 100 100 10

NOTE 1 This severity is intended to cover high pulse overload voltage requirements. It should only be applied
where required.

NOTE 2 The independent parameters of the table are U and P. The value of t /t (or the corresponding value
*f) should be adjusted to conform to the specified values of U and P.

The pulse duration t should be adjusted so that, with l‘r at a value within its tolerance, the average power P has
its correct value.

NOTE 3 With an upper limit as given in the relevant specification.

These severities are intended to be used with Figures of permitted change of resistance similar
to those used with the endurance tests.

For all severities, rectangular pulses are preferred. In order to collect more test data in a
shorter time, it shall be permitted to use exponential pulses, provided the nominal pulse voltage
U and the average power P in the pulse train remain the same as with rectangular pulses.
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If pulses other than those described in Annex C are used, the shape of the pulses applied to
the terminations of the resistor shall be described in full in the detail specification.

4.28.3.6 Intermediate measurements

Intermediate measurements may be performed to shorten the test, in the case of failure of the
resistors under test, after 4 h, 24 h and 50 h.

4.28.3.7 Recovery

Recovery shall take place under standard atmospheric conditions for testing, until thermal
equilibrium has been reached, with a maximum of 24 h.

4.28.3.§ Final inspection, measurements and requirements

The res|stors shall be visually examined. There shall be no visible ¢ 99 shall

be legible.
The registance shall be measured. The change of resigts i e value
measured initially (4.28.3.3) shall not exceed the limit for the end ¥, herwise

specifiefl in the detail specification.

For inSLlIated resistors, only the insulation resistance\shall be piea

detd]l s@' ica

The vallie shall be not less than the liry

4.28.3.9 Information to be given in
The detail specification shall include the

method of mounting

T Q

)

) testeverity, to be sele
) ambjent tem [
) nomjnal pulse VoJtage
) pernl\ i

) insu

(¢}

- 0 Q

4.29 C
4.29.1

The measUrements prescribed in the relevant specification shall be made.

4.29.2 Test conditions

The components shall be subjected to test XA of IEC 60068-2-45, with the following details:

a) solvent to be used: IPA;

b) solvent temperature: 23 °C £5 °C, unless otherwise specified in the detail specification;
¢) conditioning: method 2 (without rubbing);

d) duration: 5+ 0.5 min;

e) recovery time: 48 h, unless otherwise stated in the detail specification.

4.29.3 Requirements

The measurements prescribed in the relevant specification shall then be made and the
specified requirements be met.
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Test conditions
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The components shall be subjected to test XA of IEC 60068-2-45, with the following details:

a) solvent to be used: IPA;

b) solvent temperature:

23 °C %5 °C, unless otherwise specified in the detail specification;

c) conditioning: method 1 (with rubbing); unless otherwise stated in the detail
specification;

d) rubbing material: cotton wool;

e) durgftion: 5 0.5 mim,

f) recopery time:

4.30.2

Requirements

After the test, the marking shall be legible.

4.31 Mounting of surface mount resistors

4.31.1

Surface
depend
copper
IEC 612
or meas

operate

for elecf{rical measure

The sub
mount
termina

respecti

If anoth
specific

4.31.2

Substrate
mount resistors shall be moun
on the resistor construction.

clad epoxide woven E-glass
49-2-7, IEC 61249 2-22 or IEC

strate shallMa
esistors\and

s. The detai

Waye sold€ring

not applicable, unless otherwise stated in the/detaij

“trical connection to the surface mount

iStors that are typically assemf
all indicate which material is to

of proper spacing to permit mounting of|

j icJtion.

ting will
m thick
nple, in
any test
alumina
led and
be used

surface
resistor

g and 10

e detail

When the detail specification specifies wave soldering, a suitable glue, details of which may be
specified in the detail specification, shall be used to fasten the component to the substrate
before soldering is performed.

Small dots of glue shall be applied between the conductors of the substrate by means of a

suitable

device securing repeatable results.

The surface mount resistors shall be placed on the dots using tweezers. In order to ensure that
no glue is applied to the conductors, the surface mount resistors shall not be moved about.

The substrate with the surface mount resistors shall be heat-treated in an oven at 100 °C for

15 min.

The substrate shall be soldered in a wave soldering apparatus. The apparatus shall be
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adjusted to have a pre-heating temperature of 80 °C to 100 °C, a solder bath at 260 °C + 5 °C,

and a soldering time of 5s + 0,5 s.

The soldering operation shall be repeated a second time (two cycles in total).

The substrate shall be cleaned for 3 min in a suitable solvent (see 3.1.2 of IEC 60068-2-45).

4.31.3 Reflow soldering

When the detail specification specifies reflow soldering, the following mounting procedure

applies:

a) the solder used, in preform or paste form, shall be silver bearing (2
Sn/Ab solder together with a non-activated flux, as stated in tes
Alternative solders, such as 60/40 or 63/37 may be used op
congtruction includes solder leach barriers. The Pb-free soldef usg
form shall be Sn96,5Ag3,0Cu0,5 or similar composition, toge
IEC 60068-2-58;

b) the gurface mount resistor shall then be placed across ¢he wet
subgdtrate so as to make contact between surface mou

c) the substrate shall then be placed in or on a suitabje
platg, tunnel oven, etc.). The temperature of
and [260 °C, until the solder melts and reflows
not longer than 10 s (see IEC 617&0-1

NOTE 1 [The flux is removed by a suitable solve
as to avpid contamination. Care is taken
measurements.

NOTE 2 [The detail specification may\equi q g€mperature range.

60068-2-45). All subsequent handliy
5s in test chambers and during

NOTE 3 [If vapour phase so0 ing. 1% ied, Q etiod may be used with the temperatures adap

eutectic
58-2-20.

whose
hr paste
tated in

the test

der, hot
215 °C
, but for

g is such
post test
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.
% _‘—//////////////////////% Npte 4
Y %M gz 0
< 1% V/ O > IEC |235/99
Material: epoxide woven glass U/
Thicknesg: 1,6 mm £+ 0,1 mm or 0,8 mm % 0,
A
Sm Note |4
\
IEC 236{99
Material:
Thicknesg:

Figure 10 — Suitable substrate for electrical tests

Notes to Figures 9 and 10

NOTE 1

NOTE 2

NOTE 3

NOTE 4

NOTE 5

b=
é solderable areas
. areas which are not solderable (covered with non-solderable lacquer)

All dimensions are in millimetres.
Dimensions not given should be chosen according to the design and size of the specimens to be tested.
This conductor may be omitted or used as a guard electrode.

Dimension W is dependent on the design of the test equipment.
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4.32 Shear test
NOTE 1 This test is only applicable to surface mount resistors.

NOTE 2 This test is also known as adhesion test.
4.32.1 Mounting

The surface mount resistors shall be mounted as described in 4.31.

4.32.2 Severities

The surface mount resistors shall be subjected to test Ue3 of IEC 60068-2-21. One of the

following conditions shall be applied, as prescribed in the relevant specificdtion:

a) a force of 5 N shall be applied to the resistor body progressively,
be npaintained for a period of 10 s £ 1 s;

b) a fofce proportional to the mass of the components shall pe “applied\to>the

progressively, without shock. The stress may be immed;i
given force. The relevant specification shall prescribe t
typidal masses of the resistors covered therein.
4.32.3 | Requirements

The surface mount resistors shall be vis I:

visible damage.

4.33 Slubstrate bending test

NOTE This test is also known as
4.33.1 | Preparation
The surn

describ
and sm

4.33.2

The res

4.33.3

skock\and shall

or body
hing the
d on the

d state. There shall be no

bard, as
R3216M

The resi &€ subjected to test Ueq of IEC 60068-2-21 using the condifions as

prescribed<n the relevant specification for deflection D and the number of bends.

The resistance of the surface mount resistors shall be measured as specified in 4.5, with the
board in the bent position. The change in resistance compared with that measured in 4.33.2

shall not exceed the value specified in the detail specification.

The printed board shall be allowed to recover from the bent position and then removed from

the test jig.

4.33.4 Final inspection and requirements

The surface mount resistors shall be visually examined and there shall be no visible damage.
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4.34 Corrosion
4.34.1 Test method

The resistors shall be subjected to test Ka of IEC 60068-2-11.

4.34.2 Requirements

The conditioning time and requirements shall be stated in the detail specification.

4.35 Flammability

4.35.1 Festeonditions

The registors shall be subjected to the needle flame test of IEQ 606 ing the
appropr|ate severity chosen from 5s, 10 s, 20 s, 30 s, 60 s and 120 i iqation (t,)
of test flame.

4.35.2 | Requirements

The permitted duration of burning (t,) shall be specifiedi

4.36 (peration at low temperature

4.36.1 | Initial measurements

The res|stance shall be measured as specified\

4.36.2 | Test procedures

The res

— cool

—  keey

- appl vere, to

4.36.3

The res|stor'shall bewisually examined. There shall be no visible damage.

The resistance shall be measured as specified in 4.5. The change of resistance with respect to
the value measured in 4.36.1 shall not exceed the limit prescribed in the detail specification.

4.37 Damp heat, steady state, accelerated

NOTE This test is also known as load humidity test or 85/85-test.
4.37.1 Initial measurements

The resistors shall be measured as specified in 4.5.

4.37.2 Test methods

The resistor shall be subjected preferably to test Cy of IEC 60068-2-67 for 1 000 h. The detail
specification may prescribe another duration according to Clause 4 of IEC 60068-2-67.
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4.37.3 Test procedures

The resistors shall be applied with the power at 10 % of their rated voltage (100 V d.c.
maximum). Throughout the test period the test voltage shall be kept within a tolerance of £5 %

of the calculated value.

At 500 h the resistors shall be measured within 1 h to 2 h and at 1 000 h within 4 h to 24 h as

specified in 4.5. Intermediate measurement at approximately 48 h may be prescribed.

4.37.4 Final inspection, measurements and requirements

The resistors shall be visually examined. There shall be no visible damage and the marking

shall beffegibte:

insulatign resistance for insulated resistors shall be measured as
shall be|not less than the value prescribed in the detail specification.

4.38 Ellectrostatic discharge
4.38.1 | Test methods

The ability of the resistors to withstand electro
with thelhuman body model (HBM) according toAE

jon. The

pe value

b tested

The res| 3 gric cenditions. The method of mounting

shall be

4.38.2

The res

4.38.3

The pul
800V, 1
the speci
specifie

4.38.4

The res|

shall be|legible.

500V,
plied to
herwise

marking

The resistance shall be measured as specified in 4.5. The change of resistance with respect to
the value measured in 4.38.2 shall not exceed the value prescribed in the detail specification.

4.39 Periodic-pulse overload test
4.39.1 Preconditioning

The resistor shall be dried using procedure | of 4.3 (Dry)

4.39.2 Mounting

The method of mounting of the resistor shall be specified in the relevant specification and shall

be thermally equivalent to normal endurance testing.
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4.39.3 Initial measurements

The resistance shall be measured as specified in 4.5.

4.39.4 Severities
The severities for the test are given by the following: apply voltage or power, interval and

number of cycles for applied voltage. A test severity shall be chosen from those described in
Table 10 and shall be given in the relevant specification.

Table 10 — Periodic-pulse overload test condition

Apgpty vottageorpower trtervat Numberof cyctesfor @Wge
2xU,
2.5xU, N0
0.1s on / 2.5s off 190
3xU, MO0
1s on / 25s off 1 0
4xU,
15xP \

4.39.5 [ Recovery

Recovely shall take place under standard at
equilibrium has been reached, within z i

for testing, until [thermal

4.39.6

The res|stance shall be me

The chgnge of resistal eed the

value prescribed in the

4.40 Whiskerg@

4.40.1

If prescfi d in the
testing on the
recom

The rel¢ ificaiion shall prescribe a suitable fixing jig for the support of the specimen

during this test.

4.40.2 Preparation of specimen

The preparation of specimen shall be according to IEC 60068-2-82, Clause 5.

Specimen of resistors intended for soldering shall receive a preconditioning by heat treatment
according to IEC 60068-2-82, 5.5.

Resistors with leads shall receive a preconditioning by leads forming according to IEC 60068-2-
82, 5.6.

4.40.3 Initial measurement

The resistors shall be examined for appearance according to IEC 60068-2-82, 7.2.
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Test procedures

The ambient test, the damp heat test and the temperature cycling test shall be applied
according to the prescriptions in IEC 60068-2-82, Clause 6.

4.40.5

Test severities

The selections IEC 60068-2-82, Table 6 according to the component’s material composition

shall be

applied.

The following discrimination shall be applied to the selection of the severity of the temperature
cycling test - temperature:

a) the
and

b) the
and

4.40.6

The res
The whi

441 H

Under ¢

severity N, =55 °C / 125 °C shall be applied for resistors with L
UCT =125 °C or above;

severity K, —40 °C / 85 °C shall be applied for resistors
or an UCT below 125 °C.

Final inspection, measurements and requireme

ydrogen sulphide test

pnsideration.

r below

-55°C
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Annex A
(normative)

2008(E)

Interpretation of sampling plans and procedures as described in

IEC 60410 for use within the IECQ system

When using IEC 60410 for inspection by attributes, the interpretations of the clauses and
subclauses of IEC 60410, as indicated below, apply for the purpose of this standard.

1

3.1

3.3
4.5

5.4

6.2
6.3
6.4
8.1
8.3.3 d)
8.4
9.2

9.4

10.2

The responsible authority is the national authorized institution implemen

ting the

basic rules and rules of procedure.
The unit of product is the electronic component defined in a
Only the following definitions from this clause are required:

— a “defect” is any non-conformance of the
requirements;

defective.
Not applicable.
The responS|bIe authority i

management representative
sibed in the document descri

authority is the IEC technical committee drafting the blar
ich forms part of the generic or sectional specification.

sentence only) Not applicable.
(Fifth senterice only) The responsible authority is the DMR.

pecified

nances.

percent

k detail

(DMR),
bing the
national

k detail

Not applicable.
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Annex B
(normative)

Rules for the preparation of detail specifications for resistors and
capacitors for electronic equipment for use within the IECQ system

B.1 The drafting of a complete detail specification by IEC technical committee 40, if required,

shall begin only when all the following conditions have been met:

[

the generic specification has been approved;

O

the gectional specification, when appropriate, has been circulated for approv

O

the associated blank detail specification has been circulated for apg

)
)
)
)

Q.

ther¢ is evidence that at least three national committees have

When a[ national committee formally asserts that substanti

own|national standard, specifications covering a component o imjlar perfef

ascal

its country, of a part described by some other national } grtion ma3

towards|the foregoing requirement.

B.2 Daqtail specifications prepared under the re 3
the starldard or preferred values, rati and characterigtic
tests, efic. which are given in the approgriate generic,orse specifications.

ypical committee 40 ¢
sverities for envirg

An excgption to this rule may only be granted fox a\specified detail specification, when

by technical committee 40.

B.3 THe detail specification sha
detail specifications ha 9

9,

FDIS;
b
las their
mance.

2, within
y count

hall use
nmental

agreed
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Annex C
(informative)

Example of test equipment for the periodic-pulse
high-voltage overload test

Sequencer [ /\(

()

<

IEC 237/99
pulse generator
power amplifiers

n: resistors under tes

voltage source
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Annex D
(normative)

Layout of the first page of a PCP/CQC specification

Manufagturer’s name

Locatior

Capability approval number PC

@atio number

Issue

Capability manualﬁfe e Date

Descripti

Purposd

Drawing reference

Part identity
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Annex E
(normative)

Requirements for capability approval test report

E.1 Introduction

The test report shall be dated and shall include the information given in Clauses E.2, E.3 and
E.4:

E.2 eneral

The follpwing information shall be given:

— manpufacturer’'s name and address;

— placg of manufacture, if different from above;
- gen
- thei
— refe
- refe

- alis

E.3

The foll

— tests;

— num

the measurements is taken before and after the various medhanical,

A recor:ﬂ~|
endurance tests for which post-test limits or final measuremgnts are

environ
specifiefd.
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Annex F
(informative)

Letter symbols and abbreviations

F.1 Letter symbols

L Length, measured along the axis from termination to termination mm
D Diameter mm
Imax Maximum permissible current A
Pzq Rated dissipation at 70 °C ambient temperature

R Actual resistance value

Rins Insulation resistance Q
R, Nominal resistance value Q
Rres Residual resistance Q
Ries may ~ Maximum permissible residual resista Q
AR Change of resistance Q
ARIR %
u \
Uins \
Unax \
U, \
ty S

ty S

T mm
Ta °C
Ts °C
w mm
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