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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for stdndardization.eomprising
all national electrotechnical committees (IEC National Committees). The object qof the IEG_ is te promote
international co-operation on all questions concerning standardization in the electrical*and Iectr ic flelds To

for Standardization (ISO) in accordance with conditions deter
organizations.

from all interested National Committees.

3) The documents produced have the form of recommend ons\forinter
of standards, technical specifications, techt
Committees in that sense.

ational use and are published in the form
they> are accepted by the National

4) In order to promote international unification; i Commitiees ¥ndertake to apply IEC International
Standards transparently to the maximum b ¥ R their national and regional standards. Any
divergence between the IEC Standard and the correspondiing mational or regional standard shall be clearly

6) Attention is drawn to the pessibih f e nts of this International Standard may be the subject
of patent rights. The S held responsible for identifying any or all such patent rights.
International St been prepared by IEC technical committee 40

Capacitors and resis

This third edi d\reptaces the second edition published in 1982, amendment 2
(1987)

This consglidated ionYof IEC 60115-1 consists of the third edition (1999) [documents
40/1087/FD $09/RVD] and its amendment 1 (2001) [documents 40/1184/FDIS

The technhical content is therefore identical to the base edition and its amendment and has
been(prepared for user convenience.

It'bears the edition number 3.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

The QC number that appears on the front cover of this publication is the specification number
in the IEC Quality Assessment System for Electronic Components (IECQ).

Annexes A, B and D form an integral part of this standard.

Annex C is for information only.
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The committee has decided that the contents of the base publication and its amendments will
remain unchanged until 2006. At this date, the publication will be

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
*+ amended.

A bilingual version of this standard may be issued at a later date.

@%
&
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FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General

1.1 Scope

This part of IEC 60115 is applicable to fixed resistors for use in electronic equipment.

smdated references, the
latest edition of the normative documenti.referred i6 ars of IEC and ISO maintain

NOTE In the case of IEC 60068 standards, use the reféxensed edition.

IEC 60027 (all parts), Letter symbols to

IEC 60060-1:198
requirements

IEC 60060-2:1994

IEC 60063
Amendment

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
Amendment 1 (1992)

IEC 60068-2-1:1990: Environmental testing — Part 2: Tests — Tests A: Cold

Araandomant 4 (40020

T TCTIOTTeT e - T IJ97

Amendment 2 (1994)

IEC 60068-2-2:1974, Environmental testing — Part 2: Tests — Tests B: Dry heat
Amendment 1 (1993)
Amendment 2 (1994)

IEC 60068-2-3:1969, Environmental testing — Part 2: Tests — Test Ca: Damp heat, steady state
Amendment 1 (1984)
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IEC 60068-2-6:1995, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)
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)

— {EC60068-2-2071979, Envirormmerntal testing — Part 2 Tests — 1est 1. Sofdering
Amendment 2 (1987)

IEC 60068-2-21:1983, Environmental testing -—— Part 2: Tests — Test U: Robustness of termina-
tions and integral mounting devices
Amendment 2 (1991)
Amendment 3 (1992)

IEC 60068-2-30:1980, Environmental testing — Part
heat, cyclic (12 + 12 hour cycle)
Amendment 1 (1985)

sion in cleaning solvents
Amendment 1 (1993)

IEC 60068-2-58:1989, En¥irorma 1 : Tests — Test Td: Solderability, resistance
to dissolution of metallizatioq and to so/ 5 Surface Mounting Devices (SMD)

terminations
IEC 60410:19 wling plans and procedures for inspection by attributes

IEC 60440:1973, Method of measurement of non-linearity in resistors

IEC\QC 001002-3:1998, /IEC Quality Assessment System for Electronic Components (IECQ) —
Rules of procedure — Part 3: Approval procedures

TEC QT 00100371998, TEC Qualily ASSessment System for Electronic components (IECQ) —
Guidance documents

IEC QC 001005:1998, Register of firms, products and services approved under the IECQ
system, including 1SO 9000

ISO 1000:1992, SI units and recommendations for the use of their multiples and of certain
other units
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2 Technical data

2.1 Units and symbols

For the purposes of this part of IEC 60115, the following definitions apply. In addition, units,
graphical symbols, letter symbols and terminology shall, whenever possible, be taken from the
following publications:

AnOOZ

—HEC66027;
— |EC 60050;
— 1S0O 1000.

When further items are required they shall be derived in accordance with
documents listed above.

principles of the

2.2 Definitions

221

type
group of components having similar design fea

NOTE 1 Components described in several detai
to the same type and may therefore be grouped foryg

NOTE 3 Ratings cover the co
— electrical ratings,

detail specification.

2.2.2
style
subdivision o
variants, gen

based on dimensional factors; a style may include several
| order

223
grade
term indicating” additjonal general characteristics concerning the intended application, for
example long-life applications.

The term-"grade" may be used only in combination with one or more words (for example, long-
life grade) and not with a single letter or number.

The figures to be added after the term "grade" should be arabic numerals

224

family (of electronic components)

group of electronic components which predominantly displays a particular physical attribute
and/or fulfils a defined function

225
subfamily (of electronic components)
group of components within a family manufactured by similar technological methods
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2.2.6

rated resistance

resistance value for which the resistor has been designed, and which is generally indicated on
the resistor

2.2.7
critical resistance
resistance value at which the rated voltage is equal to the limiting element voltage (see 2.2.15

and 2.2.16)

NOTE 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 othéer than
70 °C, it is important that account be taken of the derating curve and of the limiting efement voltage)in the
calculation of any voltage to be applied.

2238

category temperature range
range of ambient temperatures for which the resistor has & S to operate
continuously, defined by the temperature limits of its approprj

229

upper category temperature
the maximum ambient temperature for which
continuously at that portion of the rated di
dissipation

2210
lower category temperature
minimum ambient temperatuce at

2.2.11

maximum tempe
continuously at rated

2.212
rated temper

2.2.13
rated dissipation
maximyum~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

2.2.14

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 The category dissipation may be zero.
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2.2.15

rated voltage (Uy or Ug)

d.c. or a.c. r.m.s. voltage calculated from the square root of the product of the rated resistance
and the rated dissipation

NOTE At high values of resistance, the rated voltage may not be applicable because of the size and the
construction of the resistor (see 2.2.16).

2.2.16

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).

Where the term "a.c. r.m.s. voltage" is used in this standard, the ped
exceed 1,42 times the r.m.s. value

oltage~shall not

NOTE This voltage can only be applied to resistors when the resistance value is egla i the critical
resistance value.

2.2.17
insulation voltage (applicable only to insulated resistors)
the maximum peak voltage which may be applied
between the resistor terminations and any conducting

2.2.18

insulated resistor
resistor which fulfils the voltage proo
damp-heat, steady-state test with a polariz

2.2.19
insulation resistance
Under consideration

2.2.20
variation of resi :

variation of resistan
characteristic or a

2.2.20.2
temperature coefficient of resistance (a)

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

NOTE 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.

2.2.21

voltage coefficient of resistance

reversible change in resistance caused by the applied voltage and expressed as a percentage
change in resistance per applied volt

2.2.22
visible damage
visible damage which reduces the usability of the resistor for its intended purpose
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2.2.23

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

2.2.24
heat-sink resistor
resistor type designed for mounting on a separate heat-sink

2.2.25

rated dissipation (heat-sink resistors only)
maximum allowable dissipation of a heat-sink resistor at an ambient temp
when mounted on the reference heat-sink, under the conditions of the end
temperature for heat-sink resistors, and which will result in a change i
than that specified for this endurance test

erature of(25" °C,
e test\at room
e Not greater

2.2.26

maximum element temperature

maximum stated temperature at any point on or within
operating condition

any permissible

2.3 Preferred values

2.3.1 General

Each sectional specification shall prescrik S ed valu€s appropriate to the subfamily;

The preferred values o

2.4 Marking Q

2.4.1 General

aken from the series specified in IEC 60063.

2411 Thej ¢ in the marking is normally selected from the following list; the
relative impoxtance 2 s indicated by its position in the list:

a) rated
b

)

) tolerance onyrated\tesistance;
c) temperature coe
)
)

icient (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.

2.4.1.2 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.

2.4.1.3 The package containing the resistor(s) shall be clearly marked with all the information
listed above.

2.4.1.4 Any additional marking shall be so applied that no confusion can arise.
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2.5 Coding

When coding is used for resistance value, tolerance or date of manufacture, the method shall
be selected from those given in IEC 60062.

3 Quality assessment procedures

3.1 General

When this standard and any related standards are used for the purpose of a full quality assess-
ment system such as the IEC quality assessment system for electronic components (IECQ),
compliance to 3.5 or 3.6 is required.

When these standards are used outside such quality assessment system$Nor purposes such as

Before resistors can be qualified according to the procedu §
facturer shall obtain the approval of his organization, ip™a i He provisions
of IEC QC 001002-3.

by a gro
factured to a

er's specific requirements.

Under capability approval, detail specifications fall into the following three categories.

3.1.2.1 Capability qualifying components (CQCs), including process validation
test vehicles

A detail specification shall be prepared for each CQC as agreed with the national supervising

inspectorate (NSI). It shall identify the purpose of the CQC and include all relevant test
severities and limits.

3.1.2.2 Standard catalogue components

When the manufacturer requires that a resistor approved under the capability approval
procedure be listed in the IECQ register of approvals, a capability approval detail specification
complying with the blank detail specification shall be written. Such specifications shall be
registered by the IECQ and the component shall be listed in IEC QC 001005.
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3.1.2.3 Customer specific components

The content of the detail specification (often known as a CDS (customer detail specification))
shall be by agreement between the manufacturer and the customer, in accordance with 4.4.3 of
IEC QC 001002-3.

Further information on these detail specifications is given in the relevant sectional speci-
fication.

Approval is given to a manufacturing facility on the basis of validated design rules, processés
and quality control procedures and the results of tests on capability qualifying componehntis,
including any process validation test vehicles. See 3.6 and the relevant sectional specification
for further information.

3.2 Primary stage of manufacture

For fixed resistor specifications, the primary stage of manufactur

— for film types:
deposition of the resistive film on the substrate;
— for carbon composition types:
process which produces the greatest change in

— for wire-wound types:

3.3 Subcontracting

If subcontracting okt [
shall be in acco @.- i

strict subcontracting, in accordance with 4.2.2.2 of

3.5 _Qualification approval procedures
3:5:4 Eligibility for qualification approval

The manufacturer shall comply with 3.1.1 of IEC QC 001002-3

3.5.2 Application for qualification approval

The manufacturer shall comply with 3.1.3 of IEC QC 001002-3.
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3.5.3 Test procedure for qualification approval
One of the following two procedures shall be used.

a) The manufacturer shall produce test evidence of conformance to the specification
requirements on three inspection lots for lot-by-lot inspection, taken in as short a time as
possible, and on one lot for periodic inspection. No major changes in the manufacturing
process shall be made in the period during which the inspection lots are taken.

Samples shall be taken from the lots in accordance with IEC 60410 (see annex A). The
sample shall contain the highest and lowest resistance values represented in the lot and‘d
critical value when this falls between such high and low values. The highest and lowest
resistance values so selected shall define the resistance range for which qualification
approval is granted.

Normal mspectlon shaII be used but when the sample size givegs “aceeptance on zero

except endurance. The sampling plans and inspection levels shall be selected from those given
in IEC 60440+

If required, more than one schedule may be specified.

3.6/ Capability approval procedures

3.6.1 General
Capability approval in fixed resistor technology covers the following:
— the complete design, material preparation and manufacturing techniques, including control

procedures and tests;

— the performance limits claimed for the processes and products, that is, those specified for
the capability qualifying components (CQCs) and process control parameters (PCPs);

— the range of mechanical structures for which approval is granted.
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3.6.2 Eligibility for capability approval
The manufacturer shall comply with the requirements of 4.2.1 of IEC QC 001002-3.

3.6.3 Application for capability approval

The manufacturer shall comply with the requirements of 4.2.4 of IEC QC 001002-3 and with the
requirements of the relevant sectional specification.

3.6.4 Description of capability

The capability shall be described in a capability manual in accordance with 4.2°5 of
IEC QC 001002-3 and with the requirements of the relevant sectional specificati

The NSI shall treat the capability manual as a confidential document. ) er may, if
he so wishes, disclose part or all of it to a third party.

3.6.5 Demonstration and verification of capability

IEC QC 001002-3 and with the requirements of the
following details.

a) the range of
shall be chosen tg

releasedsproducts.

A _detail specification shall be prepared for each CQC and shall have a front-page format in
accordance with annex D. The detail specification shall identify the purpose of the CQC and
shall include all relevant stress levels and test limits. It may refer to internal control docu-

mentation which specifies production testing and recording in order to demonsirate control and
maintenance of processes, and limits of capability.

3.6.5.2 Limits of capability

The limits of capability shall be described in the relevant sectional specification.
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3.6.6 Programme for capability approval

In accordance with 4.2.6 of IEC QC 001002-3, the manufacturer shall prepare a programme for
the assessment of the declared capability. This programme shall be so designed that each
declared limit of capability is verified by an appropriate CQC.

The programme shall include the following:

a bar chart or other means ot showing the proposed timetable Tor the approval exercise;

details of all the CQCs to be used, with references to their detail specifications;

a chart showing the features to be demonstrated by each CQC;

reference to the control plans to be used for process control.

3.6.7 Capability approval test report

In accordance with 4.2.6.3 of IEC QC 001002-3, a capability repo
shall meet the specific requirements of this specification ag
information:

. e report
e following

— issue number and date of the capability manual;

— programme for capability approval in accordance wi

The report shall be signed by the designated ana
statement of the results gbtsj d ub
which is responsible for the sapability’ ap

3.6.8 Abstract of des
The abstract is inteAd publication in IEC QC 001005 after capability approval has
been granted.

The abstract i oncise description of the manufacturer's capability and give
sufficient inf iQh ~ chnology, methods of construction and range of products for
which the S

Any modifications tikely to affect the capability approval shall satisfy the requirements
of 4.2.1;Kof IEC QC 001002-3.

3.6:10 Initial capability approval

Fhe approval is granted when

— the selected range of CQCs has collectively satisfied the assessment requirements of the
CQC detail specifications, with no nonconforming item allowed,

— the control plan has been fully implemented in the process control system.

For a general overview of capability approval, see figure 1.
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Figure 1 — General scheme for capability approval
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3.6.10.1 Procedure in the event of failure

See 4.2.10 of IEC QC 001002-3, with the following details.

In the event of the failure of the specimens to meet the test requirements, the manufacturer
shall notify the NSI and shall state his intention to follow one of the actions described in a)
and b) below:

a) to modify the proposed scope of his capability;
b) to conduct an investigation to establish the cause of the failure as being
— either a failure of the test itself, for example test equipment failure or operator error,

— or adesign or process failure.

which apparently failed or a new one, if appropriate, shall be returne
the necessary corrective action has been taken. If a new specim

Each manufacturer shall
relevant sectio ifi
manufacturer sha

p
statistical proeess_control (SPC) is used, implementation shall be in accordance with SPC
basic requirements."SPC plans represent mandatory controls at process nodes.

For €ach process step where production equipment is used, the manufacturer shall monitor the
process parameters at regular intervals, and compare the readings to the control and action
limits which he will establish.

3.6.10.4 Test plans for CQCs demonstrating limits of capability

Test plans for CQCs for the demonstration of limits of capability shall be prescribed in the
relevant sectional specification.
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3.6.11 Granting of capability approval

Capability approval shall be granted when the procedures in accordance with 4.2.6 of
IEC QC 001002-3 have been completed satisfactorily and the requirements of the relevant
sectional specification have been met.

3.6.12 Maintenance of capability approval

Capability approval shall be maintained by complying with the requirements of 4.2.9 of
IEC QC 001002-3 and with the requirements declared in the capability manual following the
schedule of maintenance given in the relevant sectional specification.

Additionally, the following details apply.

Capability approval remains valid without retesting for two years.

chart may be given in the sectional specification. For
manufacturer shall ensure that all the test plans of 3.6.10.
approval are repeated at least every two years.

FE

anufatured by the same processes

programme(so tha any time, the limits of capability which have been verified and those
which are_awaiting verification in the specified period can be established.

3.6.13” Extension of capability approval

The manufacturer may extend the limits of his capability approval by carrying out that test plan

from—those anr\rlhnd in—3-6-104which rnlol‘oc to—the +yna of limitto ho nvfﬁndar*l i the

proposed extension refers to a different type of limit from those described in 3.6. 10 4, the
manufacturer shall propose the sampling and tests to be used, and these shall be approved by
the NSI. The manufacturer shall also establish process control over any new processes needed
for manufacture to the new limits.

An application for an extension of capability shall be made in the same way as for the original
approval.
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3.6.14 Quality conformance inspection

The quality conformance test requirements are given in the detail specification and shall be
carried out in accordance with 4.3.1 of IEC QC 001002-3.

3.7 Rework and repair

371 Rework

Rework as defined in 4.1.4 of IEC QC 001002-3 shall not be carried out if prohibited by the
relevant sectional specification. The relevant sectional specification shall state if there is a
restriction on the number of occasions that rework may take place on a specific component.

Rework shall not be subcontracted.

3.7.2 Repair

Resistors which have been repaired as defined in 4.1.5 of | all not be

released under the IECQ system.

3.8 Release for delivery

3.8.1 General

3.8.2 Release for delivery under qualification™a
of Group B tests

all Group B tests, the i d-t0 release components before the completion
of such tests.

3.10 Delayed-delive
Resistorstheld for a period exceeding two years (unless otherwise specified in the sectional

specification) following the release of the lot shall, before delivery, be re-examined for
solderability and resistance, as specified in Group A or Group B of the detail specification.

The re-examination procedure adopted by the manufacturer's DMR shall be approved by

the NSI.

Once a lot has been satisfactorily re-inspected, its quality is re-assured for the specified period.

3.11 Alternative test methods
See 3.2.3.7 of IEC QC 001002-3 with the following details.

In case of dispute, for referee and reference purposes, only the specified methods shall be used.
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3.12 Manufacture outside the geographical limits of IECQ NSIs

A manufacturer may have his approval extended to cover part or all of the manufacture of
resistors in a factory of his company located in a country which does not have an NSI for the
technical area concerned, whether this country is an IECQ member country or not, provided
that the requirements of 2.5.1.3 of IEC QC 001002-3 are met.

3.13 Unchecked parameters

Only those parameters of a component which have been specified in a detail specification and
which were subject to testing shall be assumed to be within the specified limits.

It cannot be assumed that any unspecified parameter will remain unchanged from one
component to another. If, for any reason, it is necessary for one or more gdditional parameters
to be controlled, then a new, more extensive specification shall be used
The additional test method(s) shall be fully described, and approp
and inspection levels specified.

4 Test and measurement procedures

4.1 General

gsts to be carried out, the

measurements to be made before and afte ést ar\subgrolip’ of tests, and the sequence

If national specifications
those specified in the abos

system include methods other than
shall be fully described.

ite’ limits. The principle to take measurement
Q01002-3, annex C to clause 2.

— temperatuce: °C to 35 °C;
— relative humidi 25 % to 75 %;
— air pressure: 86 kPa to 106 kPa.

Before)measurements are made, the resistor shall be stored at the measuring temperature for
a-dime sufficient to allow the entire resistor to reach this temperature. The period as prescribed
forrecovery at the end of a test is normally sufficient for this purpose.

When measurements are made at a temperature other than the specified temperature, the
results shall, where necessary, be corrected to the specified temperature. The ambient
temperature during the measurements shall be stated in the test report. In the event of a
dispute, the measurements shall be repeated using one of the referee temperatures (as given
in 4.2.3) and such other conditions as are prescribed in this specification.

When tests are conducted in a sequence, the final measurements of one test may be taken as
the initial measurements for the succeeding test.
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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 (see 4.2.1).

If recovery has to be made under closely controlled conditions, the controlled recovery
conditions of 5.4.1 of IEC 60068-1 shall apply.

4.2.3 Referee conditions

For referee purposes, one of the standard atmospheric conditions refereetests taken

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

Table 1 — Referee conditions

Temperature Relative humidity ik pr ure

°C % a

20 + 1 63 to 67 ( N 86\(‘3@9
23 + 1 48t052(\\/ I\ 880 106

25 + 1 Qe85 ( -/ Jps'to 106

27 + 1 >63 N\ 86 to 106

4.2.4 Reference conditions

For reference purpos
IEC 60068-1 apply:

- temperature:'
— air pressure: 101

Procedure I: + 4 h in an oven at a temperature of 55 °C £ 2 °C and at a relative
idjty not exceeding 20 %

Procedurell: for 96 h+4 hin anovenat100°C 5 °C
Thexresistor shall then be allowed to cool in a desiccator using a suitable desiccant, such as

activated alumina or silica gel, and it shall be kept therein from the time of removal from the
oven to the beginning of the specified tests.

4.4 Visual examination and checking of dimensions
4.4.1 Visual examination

The condition, workmanship and finish shall be satisfactory, as checked by visual examination
(see 2.2.22).

The marking shall be legible, as checked by visual examination. It shall be in accordance with
the requirements of the detail specification.
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4.4.2 Dimensions (gauging)

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.

443 Dimensions (dpfail)

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

45 Resistance

Table 2 — Measuring voltag e

Rated resistance urin vo\lmg\)
R <\ Q

R<10Q > note)

1OQSR<100£€ N\ B 0,3

50

rated/resistance is less than 10 Q, the measuring
sen that the resistor dissipates less than 10 %

of the toleran¢ the measurement forms part of a test sequence, it shall be possible to
measure a change-gf‘resistance with an error not exceeding 10 % of the maximum change
permitted.for that test sequence.

4.5:2." The resistance value at 20 °C shall correspond with the rated resistance taking into
acoount the specified tolerance.

4.6 Insulation resistance (insulated styles only)

4.6.1 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 mounting devices.
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46.1.1 V-block method

The resistor shall be clamped in the trough of a 90° metallic V-block of such size that the
resistor body does not extend beyond the extremities of the block.

The clamping force shall be such as to guarantee adequate contact between the resistor and
the block. The clamping force shall be chosen in such a way that no destruction or damage to

the resistor oceours

The resistor shall be positioned in accordance with the following:

a) for cylindrical resistors: the resistor shall be positioned in the block so that the termination

4.6.1.3 Metho@
The resistor shall be

plates) extending at\le

The clamping e of\the spring shall be 1,0 N + 0,2 N, unless otherwise specified in the detail
specification._The peaint of contact of the metal block shall be centrally located to ensure good
repeatability of the results.
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6
.
«
! u 5
\ o
4 /7. ,J—/7
4
o /
3

/

Key

1 Metal block, test point A

2 Terminations of the resistor
3 Coating side

4 Radius 0,25 mm to 0,5 mm

roo test jig
Listors

The clamping force of i 2 + 02 N, unless otherwise specified in the detail
specification.

Dimension L1 of@ S osen so that a minimum distance of 0,5 mm to the
contact areas is majn S
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Jig details:

Pressure

IEC 105/01

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

Grooves\n the metal plate

Figure 3 — Insulation resistance and voltage proof test jig
for cylindrical surface mount resistors

4.6.2~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

I Y-V-Ni W] Y-V W [N WA £ . — bl : L. 14 1 4 4l I Y-V-Ni W
JUU 'V U YUU 'V L JU 'V U.C. TOTTCSISIUTS WILIT all s utativlt vultaytc cyudl Ul yrcatlct ialt Juu v.

For surface mount resistors, the insulation resistance shall be measured with a direct voltage
of 100 V £ 15 V or a voltage equal to the insulation voltage between test points A and B, as
shown in figure 2 and figure 3 (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 The insulation resistance shall be not less than the value prescribed in the relevant
specification.

4.7 \Voltage proof

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

The V-block method is the preferred method for resistors without mounting devices.

4.7.2 For all resistors except surface mount resistors, the test voltage shall be applied
between the terminations of the resistor connected together as one pole,and the V¢bloeck or

to 60 Hz) and shall be increased, at a rate of about 100 V/s, from
1,42 times the value of the insulation voltage specified in the detail

approximately 100 V/s.

4.7.3 There shall be no breakdown (ie.
flashover.

4.8 Variation of resistange with te

4.8.1 The resistor sh
in the relevant specifica

4.8.2 The resis@m <
temperatures specified i

4.8.3. Resistance measurements shall be made at each of the temperatures specified in 4.8.2,
dfter the resistor has reached thermal stability.

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.
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4.8.4 Methods of calculation

NOTE The results of one measurement may be used for the calculation of the temperature coefficient and for the
calculation of the temperature characteristic.

4.8.4.1 Temperature characteristic of resistance

The temperature characterisiic of resistance between 20 "C and each of the other tem-
peratures specified in 4.8.2 shall be calculated from the following formula:

Temperature characteristic of resistance = 4 x % x 100 [%]

where

A is the difference between the nominal specified temperatures diviq difference
between the recorded temperatures;

AR is the change in resistance between the two specified ambig
R is the resistance value at the reference temperature.

If the resistances recorded in 4.8.3 are designated ¢ R and AR shall be
calculated as shown in table 3.

Table 3 — Cal tion of\resistanc

and change imresistance)(

Lowgr categor! Upper category
te peretuQ temperature

R Q + R Re + Re
2

If the temperatu@'&c rded fn 4.88'a \des>ignated ®,, By, O, O4 and G, the temperature

differences (A©) be&twe rded tephperatures shall be calculated as shown in table 4.

<\Ys e 4 Calculation of temperature differences (AG)

\9 }e{v9>category temperature Upper category temperature
_6.+0, 0, - & *0O
%&J 6 2 i >

4.8.4.2 Temperature coefficient of resistance a

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

. OR 198

R xAO

where AO is the algebraic difference, in kelvins, between the specified ambient temperature
and the reference temperature (for calculation, see 4.8.4.1).

For R, AR and AO, see 4.8.4.1.

The temperature coefficient of resistance a is expressed in parts million per kelvin.
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4.8.5 The temperature characteristic of resistance or the temperature coefficient of resistance a,
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
characteristic or temperature coefficient shall not exceed the limits prescribed in the detail
specification for values equal to or above 10 Q by more than a factor of 2.

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

4.9 Reactance

4.9.1 The reactance test is applicable only to resistors for which a lo

exhibited by wire-wound resistors. The instrumentation shown in
resistors with a L/R time greater than 20 ns. The resistance r

IEC 228/99

1 Pulse generator

2 Oscilloscope
Rx Resistor under t@
R Non-inductive resistor X

sistance-approximately equal to 0,1 times the resistance of Rx

leads befween the generator and resistor Ry shall not exceed 50 mm.

Figure 4 — Test circuit
cification

The pulse generatar shall 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
b
c

) Rise time (10 % to 90 %): less than 12 ns (frequency response: 30 MHz or better)
) Time base: 2 ns per millimetre or faster

) Input capacitance at R should be 25 pF or less

)

c) Amplification shall be sufficient to obtain good readability with the pulse voltage used
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4.9.4 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 5). 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.

Voltage

Maximum

63,2 %

: N

‘ UR \) ime
O C 229/99

e’trace

specification.

4.11 Voltage CQ'

~ dried using either procedure | or procedure Il of 4.3, as
prescribed S ; pecification.

4.11.2 The resist e shall then be measured at 10 % and at 100 % of either the rated
voltage onithe 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.

4:¥1.3 The voltage coefficient is normally expressed in per cent per volt and shall be
calculated from the following formula:

(Rp - Ry)

voltage coefficient= ———=—=~—
09 x (U xRy)

% 100 [%]

where
U is the higher applied voltage;
R, is the resistance measured at 0,1 H U;

R, is the resistance measured at U.
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4.11.4 The value of the voltage coefficient shall not exceed that prescribed in the relevant
specification.

4.12 Noise

(Applicable only when prescribed in the detail specification or when agreed upon between
manufacturer and customer.)

The resistors shall be subjected to the procedure given in IEC 60195.

4.13 Overload

4.13.1 The resistance shall be measured as specified in 4.5.

4.13.4 The resistance shall then be mea ecified~in4.5. The change of resistance,
with respect to the value measured i exceed the value prescribed in the
relevant specification.

4.14 Temperature risg

4.14.1 Resistors ha
subjected to the ink

4.14.4 The'rated voltage shall be applied.

4.14.5° The temperature at the hottest point on the surface of the resistor shall be measured
dfter temperature equilibrium has been attained. The temperature measuring device shall be of
such dimensions as not to affect the result of the measurement.

4.14.6 The temperature rise shall not exceed the value prescribed in the detail specification.

NOTE A more precise procedure for surface temperature measurement is under consideration.
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4.15 Robustness of the resistor body

4.15.1 Resistors having a body length not less than 25 mm shall be subjected to the following test.

4.15.2 The body of the resistor is supported at both ends, the distance of the supports
from the end faces being not more than 5 mm. The support shall have a radius of not less
than 6 mm. A thrust as prescribed in the detail specification is applied gradually to the centre of

tha baodvin o dicantion Aarnandinilaor ta tha ovic far o nariad ~Af 10 o Tha laad ol

o
TS ooty o O T oo P CToCTTaTo oo Ot T oS o o pCTTot— O oo o 1oad—ora

through a device having a radius of not less than 6 mm (see figure 6).

4.15.3 At the conclusion of the test, the body of the resistor shall not be cracked or broken.

IEC 230/99

1 Support
2 Device through
3 Load

ing of resistor body robustness

4.16.2.<Test Uaq — Tensile

Theé force applied shall be as follows:

— Trorterminatons other than wire terminations. ZU N,

— for wire terminations: see table 5.
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Table 5 — Tensile force for wire terminations

Nominal Corresponding diameter for Force
cross-sectional area circular-section wires
mm? mm N
S<0,05 d<0,25 1
005<S<01 025 <d<035 2,5
0,1<S<0,2 0,35<d<0,5 5
0,2<S<0,5 05<d<0,8 10
05<S<1,2 08<ds<1,25 20
12<S 1,25 <d 0
NOTE For circular-section wires, strips or pins: the nominal cr
area is equal to the value calculated from the nominal dimensiongs)
relevant specification. For stranded wires, the nominal cross-sestiongl
obtained by taking the sum of the cross-sectional area t i
strands of the conductor specified in the relevant specification.

Method 1: two consecutlve bends shall be apphed in eac di Qn. Thig test shall not apply if,

This test shall not apply if\in the iNspecificatiow, the terminations are described as rigid,
and it shall not apply ta g Wi idirectional terminations designed for printed wiring

applications :
4.16.5 Test Ud ~ ; inatpons with threaded studs or screws and for integral
mounting devices)

Table 6 — Torque

Nw}ivea«jﬁme\lgr M 2.6 3 3,5 4 5 6
everity 1 0,4 0,5 0,8 1,2 2,0 2,5
Torque -
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.
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4.17 Solderability

4.17.1 When the solderability test is followed immediately by the resistance to soldering heat
test, a drying procedure as prescribed in 4.3 shall be applied. The detail specification shall
prescribe whether procedure | or procedure Il shall be used.

4.17.2 All resistors except surface mount resistors shall be subject to test T of IEC 60068-2-20
oina Aithar tha o~ldAr hath raathad (e ath oA 4\ A~ tha ol rin A e A thod maaoathod 2\ or tha

uuuns STt oo C T ot T ot Tot (o trmoC— T~ OT (e oSOTaO T T T g T o T oot (e tmot—=—)5~ Ot

solder globule method (method 3), as prescribed by the relevant specification.
4.17.3 When the solder bath method (method 1) is specified, the following requirements apply:

4.17.3.1 Test conditions

The test shall be carried out under the following conditions.

a) All resistors, except those of b) below:
— bath temperature: 235 °C £ 5 °C;
— immersion time: 2s + 0,5 s;

— depth of immersion (from the seating plane or

b) Resistors indicated by the detail specijfi
— bath temperature: 270 °C £ 10 °
— immersion time: 2 s + 0,5 s;

— depth of immersion (from the co

the solder with welzmg
4.17.4 When the 39

test method, test

dewetting or
classification®):

The detail specification shall also indicate the specific areas of the specimen to be examined
afterdewetting.

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

4.18 Resistance to soldering heat

4.18.1 |If drying is called for in the detail specification, it shall be stated whether procedure | or
procedure Il of 4.3 shall be used.

When the resistance to soldering heat test is to be applied immediately after the solderability

test, the drying procedure may be performed prior to the solderability test. The resistance shall
then be measured as specified in 4.5.

1) Under consideration.
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4.18.2 Unless otherwise stated in the relevant specification, one of the following tests shall be
applied, as prescribed by the relevant specification:

a) for all resistors except those of items b) and c) below, apply method 1A of test Tb of
IEC 60068-2-20, with the following conditions:

— temperature of the solder bath: 260 °C + 5 °C;

— depth of immersion from the seating plane: 2f85 mm, using a thermal insulating screen
of 1,5 mm = 0,5 mm thickness;
— immersion time: 5 s or 10 s, as specified in the detail specification.

b) for resistors not designed for use in printed boards, as indicated by the
apply method 1B of test Tb of IEC 60068-2-20, with the following corditi

— temperature of the solder bath: 350 °C £ 10 °C;

pecification,

— depth of immersion from the component body: 3,5f85mm

or
— method 2: soldering iron of test Tb of IEC 60068
— temperature of the soldering iron: 350 °C;

Qwing conditions:

— soldering time: 10s £ 1 s.

The size of the soldering iron and
specification.

4.19.1 The resjstance shall be measured as specified in 4.5.

4.19.2 -The resistors shall be subjected to test Na of IEC 60068-2-14 for five cycles. Unless
otherwise specified in the relevant specification, the duration of the exposure at each of the
extremes of temperature shall be 30 min.

The resistors shall then remain under standard atmospheric conditions for recovery for not less
than 1 h anAd At - arA than 9 1

o
ot o ot T roretrat ™

4.19.3 After recovery, 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 4.19.1 shall not exceed the limit prescribed in the relevant specification.

2) Under consideration.
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4.20 Bump
4.20.1 The resistor shall be mounted as indicated in the relevant specification.

4.20.2 The resistance shall be measured as specified in 4.5.

4.20.3 The resistors shall be subjected to test Eb of IEC 60068-2-29, using the degree of

severitv nrascribhed in tha ralevant snacification
P AL Lig g

4.20.4 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 resj vith'respect to
the value measured in 4.20.2 shall not exceed the limit prescribed in the cification.

4.21 Shock

4.21.1 The resistor shall be mounted as indicated in the releva

damage.

The resistance shalb
the value measure
4.22 Vibration

4.22.1 nted as indicated in the relevant specification.

4.22.2 all be measured as specified in 4.5.

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

VW-hen 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 of the frequency range from one frequency extreme to the other.

4.22.4 After the test, the resistor shall be visually examined. There shall be no visible
damage. When the resistors are tested as specified in 4.22.3, there shall be no intermittent
contact greater than or equal to 0,5 ms, nor open or short circuit.

The resistance shall be measured as specified in 4.5. The change of resistance with respect to
the value measured in 4.22.2 shall not exceed the limit prescribed in the relevant specification.
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4.23 Climatic sequence
In the climatic sequence, an interval of three days maximum is permitted between any of the

tests, except that the cold test shall be applied immediately after the recovery period specified
for the first cycle of the damp heat, cyclic, test Db.

4.23.1 Initial measurements

The tollowing procedure shall apply.

a) The resistors shall be dried using either procedure | or procedure Il of 4.3 as prescribed" in
the relevant specification.

b) The resistance shall be measured as specified in 4.5.

4.23.2 Dry heat

The resistors shall be subjected to test Ba of IEC 6006
temperature, for a duration of 16 h.

envcategory

4.23.3 Damp heat, cyclic, test Db, first cycle

The resistors shall be subjected to test Db of IEC 6
temperature of 55 °C (severity b).

eycle of 24 h, using a

4.23.4 Cold

The resistors shall be subjected to 2N\ O 60068-2-1, at the lower category
temperature, for a duration of 2 h.

4.23.5 Low air pressure

The following procedur
a) The resistors@

as indicatedrin-table 7 under the same conditions as used for the first cycle.

Table 7 — Number of cycles

Categories Number of cycles

—/-156 5

—/-121 1
—/-/10 1
—/-104 None
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4.23.7 DC load (applicable only to non-wire-wound resistors)

At the end of the test, the resistors shall be subjected to the standard atmospheric conditions
for testing. The time of transfer shall be as short as possible and shall not exceed 5 min.
At 30 min £ 5 min after removal from the chamber, the resistors shall be subjected to a d.c.
voltage for 1 min. The voltage shall be the rated voltage, or the limiting element voltage,
whichever is the smaller. The resistors shall then remain in the standard atmospheric
conditions for testing for not less than 1 h and not more than 2 h.

4.23.8 The resistor shall then be visually examined. There shall be no visible damage and the
marking shall be legible.

The insulation resistance shall be not less than the valug
specification.

4.24 Damp heat, steady state

4.24.1 The resistance shall be measured as specifi¢

4.24.2.1 For insulated resistors or for resistors
metal plates with or without.additional lsulation a divigjon into three groups shall be effected
as follows.

a) The first group shall be subj ‘ ithout any voltage applied.

b) The second gfeup 3 ject > the test with a direct voltage between the
terminations. ied skall be selected from the following series:

0 16V, 25V,40V, 63 Vand 100 V.
The voltagg be the next lower value to the value derived from a calculation of
the voltage requ he resistor is dissipating 0,01 times the rated dissipation, or
shall heQ e Nmiting element voltage, whichever is the smaller. Throughout the test

be kept as close as possible to the specified voltage, a tolerance of
+5 % being_all® ains voltage fluctuations and similar factors.

c) The third"group.shall be subjected to the test with a direct voltage of 20 V + 2 V applied
between_.the mounting plates and one of the terminations. The mounting plates are
connected to the negative pole and the termination to the positive pole of the voltage
sdunce. The voltage shall be applied continuously throughout the test.

4.24.2.2 For all other resistors, the lot shall be divided into two groups and only the tests of
items a) and b) of 4.24.2.1 shall be carried out.

4.24.3 DC load (applicable only to non-wire-wound resistors)

At the end of the test, the resistors shall be subjected to the standard atmospheric conditions
for testing. The time of transfer shall be as short as possible and shall not exceed 5 min.
At 30 min £ 5 min after removal from the chamber, the resistors shall be subjected to a d.c.
voltage for 1 min. The voltage shall be the rated voltage or the limiting element voltage,
whichever is the smaller. The resistors shall then remain in the standard atmospheric
conditions for testing for not less than 1 h and not more than 2 h.
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4.24.4 The resistors shall then be visually examined. There shall be no visible damage and
the marking shall be legible.

The resistance and, for insulated resistors only, the insulation resistance shall then be
measured as specified. The change of resistance with respect to the value measured in 4.24.1
shall not exceed the value prescribed in the relevant specification.

The insulation resistance shall be not less than that prner\rihnd n-the relevant epnr\ifir\afir\n

4.25 Endurance

The rated dissipation shall always be given with reference to an ambient temperature of Y0 °C
and shall be verified by means of the endurance test at 70 °C or, in ase cofcertain
high-power resistors, the endurance test at room temperature using the
in 4.25.2.3.

When changes in the slope of the derating curve occur at temp 2s O 0 °C, one
of the following additional procedures shall apply.

smaller. be

limiting elemen
calculated using

The test dissipation shall

70 - 0,
Ouc - 70

Ouc _<s.the upper category temperature, in degrees Celsius.

b) At.temperatures higher than 70 °C (for example, when a resistor maintains its rated
dissipation constant from 20 °C, through 70 °C, to (say) 125 °C and then is derated linearly
to either zero dissipation or the category dissipation at the upper category temperature) the

resistors _shall he Qllhjn{"fnd to_the conditions anm‘ifinri in 42581 (nndursmma at 70 °(‘),

except that the test temperature shall be the temperature at which the change in the slope
of the derating curve occurs.

The requirements for intermediate and final measurements in a) and b) above shall be the
same as those specified in the relevant specification for the endurance test used to verify the
rated dissipation.
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4.25.1 Endurance at 70 °C

4.25.1.1 The resistance shall be measured as specified in 4.5.

4.25.1.2 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).

4.25.1.3 Resistors with a rated dissipation equal to or less than 15 W shall be tested with a
direct voltage. Any ripple voltage shall not exceed 5 % (peak-to-peak).

Resistors with a rated dissipation greater than 15 W shall be tested with an/a ating(voltage.

The voltage shall be applied in cycles of 1,5 h on and 0,5 h off througho . \js voltage

4.25.1.4 The resistors shall be connected by their terminations able clips on a rack of
insulating material. All resistors shall be mount in i position, in one layer only,
unless otherwise specified in the sectiona cation. j e between the axes of the

that, when all resistors y ea}/ produced by them shall be less than that
required to maintajn the aty 3 i hamber at 70 °C s0 that the temperature can still
be controlled by@ \ S

spaced from the 3

radiation of the resq . i umed, in this test, that the ambient temperature of the
resistors is 70 °C,

4.25.1.6 Af h, 500 h and 1 000 h, the resistors shall be removed from the
chamber and gadyto \recover, under standard atmospheric conditions for testing, for not
less thamd ha ore\than 4 h. The removal from the chamber shall take place at the end

Alternatively,“resistahce change measurements may be made at test temperature and the
marking) shall be legible. In that case, at the beginning of the test, an additional resistance
measurement at test temperature, for reference purposes, has to be made. However, initial and
finalkmeasurements shall always be made under standard atmospheric conditions for testing.

For a particular specimen, the same procedure shall always apply.

4.25.1.7 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.
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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.

4.25.1.8 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-atroom-temperature

4.25.2.1 The resistance shall be measured as specified in 4.5.

4.25.2.2 The resistors shall be subjected to an endurance test of 42 da
ambient temperature between 15 °C and 35 °C. When required by the de
duration of the test may be extended (see 4.25.2.7).

(1 000 H)N\at an
ecification, the

4.25.2.3 Resistors with a rated dissipation equal to or less than 1¢ g S ed with a
direct voltage.

Resistors with a rated dissipation greater than 15 W shall
However, resistors specifically designed for d.c. applieati

factor, or it shall be the limiting element voltage, whichever
istors, the voltage shall be the rated voltage or it shall be the

maximum surface temperature — test temperature (ambient)
maximum surface temperature — 70 °C

The'voltage applied to the resistors shall be within £5 % of the calculated voltage.

NOTE _The-half-houroff-pericds—are-ncluded-in-the-total-test-duration-specifiedin-d4-25.2 2
P P T e

4.25.2.4 The resistors, except heat-sink resistors, shall be connected by their terminations to
suitable clips, on a rack of insulating material. Half the number of the resistors shall be
mounted in a horizontal position and the other half in a vertical position. The resistors shall
be mounted in one layer only. The distance between the axes of the resistors shall be not less
than seven times the diameter of the resistors. There shall be no undue draught over the
resistors. If forced air circulation is used in the test chamber, the resistors shall be protected so
that there is no draught, other than by natural convection, over the resistors.
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Heat-sink resistors shall be centrally mounted by their normal means on an aluminium
reference heat-sink of the dimensions specified (see table 8), with the major axis of the resistor
parallel to the major axis of the heat-sink.

The heat-sinks shall be arranged in a horizontal manner on a material having a low thermal
conductivity.

Table 8 — Heat sink dimensions

Reference heat-sink (see figure 7)
Length Width Height Thickness Reference area
) w h t (see note)
mm mm mm mm cm?
N
155 100 50 1,0 ROZQY
180 130 50 1,0 A\ \544 >
230 180 50 157N\ \8% O\
NOTE The area specified is that of the outer surface)arf\\he\qefer\\\gh \a{sm\R\/

bS
hff’
)

| |
>
IEC 231/99

The heat-sink resisto ranged that the temperature of any one resistor will not
appreciably iy hetemperature of any other resistor, and in such a manner that natural
convection_i
4.25.2.5 nately 48 h, 168 h, 500 h and 1 000 h, the resistors shall be removed
from the chambe allowed to recover, under standard atmospheric conditions, for testing
for not less than 1 hmahd not more than 4 h.

4.25.2:6- 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.

After 1 000 h, the insulation resistance shall be measured (insulated resistors only), as speci-
fied in 4.6, and the value shall be not less than that prescribed in the relevant specification.
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4.25.2.7 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 the upper category temperature

4.25.3.1 The resistance shall be measured as specified in 4.5.

4.25.3.2 The resistors shall be subjected to an endurance test of 42 days (1 000 h), at an
ambient temperature equal to the upper category temperature prescribed in the relevant
specification. When required by the detail specification, the duration of the test may be
extended (see 4.25.3.8).

4.25.3.4 Whens'
as specified in 4.2514

chamber, the 1

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«dnfluenced 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 After approximately 48 h, 500 h and 1 000 h, the resistors shall be removed from the

chamberand—allowed—to FOCOMOF, uhder—standard Qi‘mr\enhnrlr\ conditions 'Fr\r' testing 'Fr\r' not
I

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.

4.25.3.7 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).



https://iecnorm.com/api/?name=7f20b1fc88ccc2f59bdeb02b60d37cf5

—44 - 60115-1 © IEC:1999+A1:2001(E)

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.

4.25.3.8 VWhen prescribed by the relevani 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.

4.25.4 Endurance at maximum element temperature (heat-sink resistors

4.25.4.1 The resistance shall be measured as specified in 4.5.

4.25.4.2 The resistors shall be subjected to an endurance te
ambient temperature equal to the maximum element tempe
specification.

), at an
the detail

The test shall be performed at zero dissipation.

After intermediate >
interval betwee
1 Q)

shall not exceed

After 1 000 h, the.i stan€e shall be measured, as specified in 4.6, and the value
shall be not Ig \atPp ibed in the relevant specification.

ecified\pefiod. For this period, the relevant specification shall specify the time
easurerents shall be made and the requirements.

extended by.a sp
at which any m

4.26 Accidental overload test (for low-power non-wire-wound resistors only)
4.26.1 Object

The object of the accidental overload test is to assess the fire hazard, resulting from the

annlication of ovarlaad ta 2 rgsistar
SpPHEIHOA-6+6V8Hoaa—+o0—3a SO+

4.26.2 Test method (gauze cylinder method)

The test fixture shall consist of a single layer gauze cylinder around the specimen under test, at
a distance of 25 mm = 3 mm from the body.

A single layer of cheese-cloth shall be placed around an internal framework to form a cylinder
(see figure 8) with open ends.
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The internal framework shall be constructed from cylindrical wire with a diameter smaller than
or equal to 0,6 mm (22 AWG); copper wire shall not be used. The framework wires shall be
equally spaced throughout the cylinder and shall not cover more than 10 % of the gauze
cylinder.

erming of the cylinder shall be untreated cotton cloth, the type
ining 14 yards to 15 yards per pound (36,3 g/m” to 38,8 g/m?)

The cheese-clo all be pre-conditioned under standard atmospheric conditions for testing
for 24 h.

The testspecimen shall be placed in the fixture so that the gauze cylinder is centred around
the unit under test in both the axial and longitudinal direction.

4.26.3 Conditions of test

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.
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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.

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 sfandard atmespheric
conditions for testing, unless otherwise specified in the detail specificati

Q1N

be observed.

During each overload, {t

a) flaming of the{j}ze
b) low impedance i

4.27 Single
4.27.1 Object

The object of this test is to determine the ability of a resistor to withstand single-pulse
conditions of high-voltage overloads occurring occasionally.

This test shows the effect of high-voltage overload on resistor electrical parameters and
characteristics

NOTE The repetitive voltage is usually a function of the circuit and increases the power dissipation of the device.
A non-repetitive transient voltage is usually due to an external cause and it is 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.
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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 9 and 10.

Component values in microfarads or ohms

4Q 335Q
o o - a)
High-voltage
source ——— 2uF 33Q — 01y

N
IEC 233/99
Figure 9 — Pulse generatoy 7,2/50

omponent values in microfarads or ohms

25Q

L] o (a)

High-voltage

source :: f 50 Q — — 0,2uF

w IEC 234/99
igure 10 — Pulse generator 10/700

ect to\voltage and current.

appropriate with f

4.27.3.2 Preconditioning

Before’/the test begins, the resistor shall have attained thermal and humidity equilibrium under
standard atmospheric conditions for testing. If required by the detail specification, the resistors
shall be dried by using procedure | of 4.3.

4.27.3.3 Initial measurements

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

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

4.27.3.4.2 The resistor shall be tested under standard atmospheric conditions for testing.

The Test is performed with the (est Specimens dry and clean at ambient laboratory iemperature.
The voltage pulse applied shall be based upon the application and shall be selected from
table 9.

The pulse test voltage shall be applied to the resistor according to 3.4.3 with the

appropriate severity as specified in the relevant specification.

4.27.3.4.3 The resistor under test is connected across (a) and (b) i
voltage shall appear across the terminals of the resistor under test. Y specification
shall give the details.

4.27.3.5 Severities

The test shall be performed with a severity chosen from le

Table We&ﬁg%ee ot@)

Severity Pulse shape eNoltage \/ Number of pulses Total
No. according to 10.1 or per minute number of
12 of IEC 60060-2 pulses

MuNiples of u es of
T1/T>

Umax

((Q” ote 1) (* and note 1)

K
1 \> 10
2 Ql,z 50\/K 15 <6 5
: INAIN 20
4 10 2
5 20 3
6 /1900 30 4 <1 10
7 Qx 10/7 40 5
8 50 6
NOTE 1 Uglis thWoltage; Umax is the limiting element voltage.

NOTE 2., The given values of pulse voltage are prospective peak voltages as defined in IEC 60060-1.

* Whichgver is the lower.

4.27.3.6 Recovery

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

4.27.3.7 Final inspection, measurements and requirements

4.27.3.7.1 The resistors shall be visually examined. There shall be no visible damage. The
marking shall be legible.
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4.27.3.7.2 The resistance shall be measured. The change of resistance with respect to the
value measured initially (see 4.27.3.3) shall not exceed the limit for the endurance test, unless
otherwise specified in the detail specification.

4.27.3.8 Information to be given in the detail specification

The detail specification shall include the following.

a
b
c

Method of mounting of the resistor for the test.
Test severity, to be selected from table 9.
Ambient temperature, if other than 15 °C to 35 °C.
Failure criteria, for example,

(o
—_ — = -

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

— short circuit;

— open circuit;
— other criteria.

4.28 Periodic-pulse high-voltage overload test

4.28.1 Object

4.28.2.2 Pulse repetition period (z,)

The interval between the pulse start time of a first pulse waveform and the pulse start time of
the pulse waveform immediately following in a periodic pulse train.

4:28.2.3 Nominal pulse voltage

The steady-state value of the voltage shown in annex C and designated there by U.

NOTE U may be expressed in multiples of Ur, which is the rated voltage on the resistor as defined in 2.2.16.
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