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Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The QC number that appears on the front cover of this publication is the specification nhumber
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.

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 pat

It estab ectional
and detail specifications of electronic components for quality assessfneit urpose.
1.2 N

The foll Nis text,
constitu dments
to, or r parties to agr¢ements
based d e pessibility of applying the

most re y or undated references, the
latest edlition of the normative docum S ies. Me aintain
register

NOTE - |

IEC 600
IEC 600

IEC 600
ments

require-

IEC 600

IEC 600
Amendn

IEC 600
Amendment 1)(1986
Amendment/2 (1977)

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
Amendment 1 (1993)
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)

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

IEC 60068-2-21:1983, Environmental testing -— Part 2: Tests — Test U: Robustness of termina-

tions a rtegral-mounting-deviees

Amendment 2 (1991)
Amendment 3 (1992)

IEC 60068-2-27:1987, Environmental testing -— Part 2: Tests —
IEC 60068-2-29:1987, Environmental testing — Part 2: Tests

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

IEC 60(Q68-2-45:1980, Environmental testint—
sion in ¢leaning solvents
Amendment 1 (1993)

IEC 600
to disso

IEC 601 irrent noise generated in fixed resistors
IEC 602 : s 3 grinted circuits — Part 2: Specifications — Speq
No. 4: E fabxjc copper-clad laminated sheet, general purpose grade
IEC 60494:19 L »f the dimensions of a cylindrical component having t
terminafi

IEC 604 wling plans and procedures for inspection by attributes

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

. dests — Test Td: Solderability, re|
Surface Mounting Devices (SMD

: Bvock

Bump

p: Damp

Immer-

Sistance

ification

vo axial

IEC QC 001002-3: 1998, IEC Quality Assessment System for Electronic Components (IECQ) —

Rules of procedure — Part 3: Approval procedures

IEC QC 001003:1998, /IEC Quality 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, S/ 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:

— |EC 60027,
— |EC 60050;
— 1SS0 1000.

When f(irther items are required they shall be derived In accordance with/ihe s of the

documehts listed above.

TNCIpJE

2.2 Definitions

For the purposes of this part of IEC 60115, the following definitio

221
type
group gof components having similar design features, the sinnhari f”whose manufacturing
technigyes enables them to be groupeditogethe ‘ ifi r quality

conformance inspection; they are generall\xco

NOTE 1 4 Components described in several detai belonging

to the sae type and may therefore be grouped fo+¥
NOTE 2 { Mounting accessories are ignored, p

NOTE 3 - Ratings cover the conin
— electrical ratings,

— sizes,

— envirgnmental category.

The limitd of the ra [

2.2.2

style

subdivigi several
variants

2.2.3

grade

term inficating additional general characteristics concerning the intended application, for

examplg¢ 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

2.2.4

family (of electronic components)

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

2.2.5
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 other than
70 OC’ it 4s. impnrfnr\t that account be taken of the r'lnr::fing curve and of the |imifing aewment volt e in the

calculatiop of any voltage to be applied.

2.2.8
category temperature range

range ¢f ambient temperatures for which the resistor ha
continugusly, defined by the temperature limits of its approprja

operate

2.2.9
upper category temperature

the makimum ambient temperature for which
continugusly at that portion of the rated di
dissipatjon

designed to |operate
indicated in the ¢ategory

2.2.10

lower cqtegory temperature

minimur ambient temperataxe at which RIStO een designed to operate continjiously
2.2.11

maximum surface fempera

maximum tempe perated
continuqusly at rated dissi

2.2.12

rated te
maximu nuously
value of

70 °C, yn

2.2.13
rated di

Esipation

Sty £ 70 00 oy +h oS HEPo
atttre— o+ o—CcHhaertthe€onRaitons Of the

maximubtreatowable—dissipationatareambienttemper
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 (U 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 peak vol exceed
1,42 timles the r.m.s. value

NOTE - This voltage can only be applied to resistors when the resistance valug/is than the
critical registance value.

2.2.17

insulatign voltage (applicable only to insulated resistors)

the maximum peak voltage which may be applied i jsNQpetating cgnditions
betweer) the resistor terminations and any conducting

2.2.18

insulatef resistor

resistor|which fulfils the voltage proo S and the
damp-heat, steady-state test with a polagi age.appliedwhen mounted on a metal plate
2.2.19

insulatign resistance

Under cpnsideration

2.2.20

variation of resis e

variatiop of resistan \Wre” which can be expressed either as a temperature

icient as defined below

maximuf reversiblevariatign of resistance produced over a given temperature range within the

2.2.20.2
temperatrecoeficientofresistance
relative variation of resistance between
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.

7

o)
7

wo given temperatures divided by the difference in the

—

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 temperature of 25 °C,
when nﬂuunted on the reference heat-sink, under the conditions of the endurante test|at room

temperdture for heat-sink resistors, and which will result in a change i sistanc&noy greater
than thgt specified for this endurance test

2.2.26
maximumn element temperature

maximupm stated temperature at any point on or within
operating condition

any permissible

2.3 Pileferred values

2.3.1 [eneral

Each se
for rated

ed vatu€s appropriate to the sybfamily;

2.3.2

The pre aken from the series specified in IEC|{60063.

24 M
24.1

24.1.1
relative |i

in the marking is normally selected from the followingllist; the
s indicated by its position in the list:
a) rated
b) toler
c) templerature coe

nce OryJrated\esistance;
icient (if applicable);

d) year nd-month (nr \Alnnl{) 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
assessment 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 systers for such as
design proving or type testing, the procedures and requirements of /3.2 may be

used, byt the tests and parts of tests shall be applied in the order gjve S.
Before fesistors can be qualified according to the procedurg j \ facturer
shall optain the approval of his organization, i ions of

IEC QC|001002-3.

Two of
which 3
provisio

["assessed quality, and
approval according to the
al according to the prpvisions

of claug resistors, separate dectional
specific i approval are necessary, and cppability
approval is therefore available only when a 3t Sectiogal specification has been puplished.
3.1.1

Qualific o) iate tandard range of resistors manufactured t¢ similar
design 4 - : Y ing to a published detail specification.

The pro ent and
perform d in 3.5
and the

3.1.2

Capability approve appropriate when resistors based on common design rules are fapricated
by a gn C manu-
factured tora.user'ssspecific 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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Customer specific components

1999(E)

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, processes
and quality control procedures and the results of tests on capability qualifying components,
including any process validation test vehicles. See 3.6 and the relevant sectional specification

for furthgrimformation.

32 P

For fixe

— for f{lm types:

depd
— foro
proc
— fory

winding of the resistance wire (or rib

— forn
fixin

3.3 Suibcontracting

If subco
shall be

The s¢
IEC QC

The gro|
conform
the rele

imary stage of manufacture

] resistor specifications, the primary stage of manufactur

sition of the resistive film on the substrate;
arbon composition types:

ess which produces the greatest change jap of the'binder;

ire-wound types:

hetal foil resistors:

j of the resistive foil.on the sub traQ

ntracting of the y facture and/or subsequent stages is emp
in accordance W 22 B 1002-3.

ctional sp trict subcontracting, in accordance with 4.1
001002-3

nder qualification approval or capability approval shall be presg

ant sectianal specification.

loyed, it

p.2.2 of

I quality
ribed in

35 Q

BREALa-lak A

3.5.1

alif fion e
uarieativir appiruvar gruvtuurt o

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 a
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

appr

Norrn
nonc
requi

b) The
requi

The

For
shall

3.5.4

Qualific
IEC QC

3.5.5

Qualific

htion appyova
requirements fo i

3.5.6
The bla

test sch
samplin

in IEC

Operati g i
excepti?durance.

410.

pval 1s granted.

g sampling plans and inspection levels shall be selected from tho

on zero
ple size

ification
on.

current

mances

3.1.4 of

vith the

ribe the
fouping,

ing rule for reduced inspection in Group C is permitted in all supbgroups

Ee given

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

£t
reat LI

IEC C A04-002 2 | atle +lo PNTRT + £ il ] + i ] H
VULUUZLZ O AU WILIT UTC TCTYUUITTITTIITTIS UT LHNT TTITvVarit ot utivitalr opt Ul

The NS| shall treat the capability manual as a confidential document. [ may, if
he so wi|shes, disclose part or all of it to a third party.

3.6.5 Pemonstration and verification of capability

The mgnufacturer shall demonstrate and verify the capakility Ny as ith #.2.6 of
IEC QC|001002-3 and with the requirements of the with the

following details.

3.6.5.1 | CQCs for demonstrating capabii

The mahufacturer shall agree with the
capability qualifying components which
specifiefl in the capability manual.

parameters and the fange of
W to demonstrate the capabilify range

The demonstration shall & oSt s shall be
designed, manufactur Apability
manual | The CQCs sha

a) the pange of le CQCs

shal| be chosen 0
b) the

hbility,

rer shall
plied to

When G
use thd
released products.

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
documentation which specifies production testing and recording in order to demonstrate 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 of showing the proposed timetable for the approval exercise;
— details of all the CQCs to be used, with references to their detail specifications;
— achart showing the features to be demonstrated by each CQC;

f 4+ 4l 4+ 1 1 4+ la PU 4 + 1
- rererencetothe— controt pialliso tU T ustU TUT JTULToS LUTILIUT.

3.6.7 [Capability approval test report

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

e report
pllowing

issuge number and date of the capability manual;
— programme for capability approval in accordance
— all tgst results obtained during the p
— testmethods used;
— repdrts on actions taken in the event of failyre

The rep 3 5 a true
statemelnt of the results glt & § al rules
which ig responsible for th Rakbility’ approval.

3.6.8 JAbstract oides riptio

The abgtract is interd 3 tion in IEC QC 001005 after capability apprpval has
been granted.

The abs ' i onciSe description of the manufacturer's capability gnd give

sufficient i QN 8 _technology, methods of construction and range of products for
which th S

3.6.9 freatl i to affect the capability approval

Any mddifications [iKely to affect the capability approval shall satisfy the requirerrrents of
4.2.1.1 of¥EC QC 001002-3

3.6.10 Initial capability approval
The 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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Resistor range

Select PCPs Select CQCs

R

plan specificatjons \

Prepare control Prepare CQ t

D
B

)
<

Commence proce 5\’2 ar@(ﬂ)Ct t

control rog

| AN
NN
> I

\>rocess control Lot-by-lot tests

Verification
of limits

IEC 225/99

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,

— qr a design or process failure.

If the cguse of the failure is established as a failure of the test itself hecimen
which apparently failed or a new one, if appropriate, shall be returne ple after
the necessary corrective action has been taken. If a new specim shall be
subjectgd to all of the tests in the given sequence of the tes S ropriate to the

apparertly failed specimen.

If the cduse of the failure is established as a design g ¢ _ a test programine shall
be carried out to demonstrate that the cause of thé faj ; v that all
correctiye measures, including documentation, R hs been
accomplished, the test sequences in which the I, using
new CQ[Cs.

After thg include
acopy i

3.6.10.2 General plan for the se

Each mlanufacturer shall p h in the
relevant section{? ification. 5 art, the

manufag¢turer sha

Controlg shall bé relevant

sectional spe

3.6.10.3

p . When
coptrol (SPC) is used, implementation shall be in accordance wjth SPC
3PC plans represent mandatory controls at process nodes.

statisticpl proce
basic rejguirements.

For each 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.

Additionatty;thefottowingdetaitsappty:

Capability approval remains valid without retesting for two years.

The pro
control,
chart nj
manufa

process
jramme
flity, the
hpability

Quality > be used to support the
mainten @ vant. |k i er holds
qualificd bcesses
and whi process
control ification

The ma ) DCs remains representative of the products

The ma

— the tions or

dele
— ther

— ther
app

Apability

The ma hpability
progranjme (so" tha any time, the limits of capability which have been verified arjd those
which afe.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 described in 3.6.10.4 which relates to the type of limit to be extended. If 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
3.7.1 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

Resistofs which have been repaired as defined in 4.1.5 of not be
released under the IECQ system.

3.8 Release for delivery

3.8.1 [General

Resistols shall be released for deliver -3, after

the quality conformance inspection pres detai d out.

b@p oval bs

ging to)reduced inspection have been satisfied for

3.8.2 Release for delivery under qualifica
ests

When the conditions o
all Group B tests, the
of such ftests.

39 C

When ¢ equested by a purchaser, they shall be specified in the detail
specificqti

NOTE -
compone

qualifying

3.10 D

Resistoisheld for a Innrind m(m:pding two years (lmlpqc otherwise Qpprifipd 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 canng oed at—o o DM one
componient to another. If, for any reaso parameters
to be cdntrolled, then a new, more extensive specification shall be used

The additional test method(s) shall be fully described, and appyopriate Nmit ) Mg plans

and inspection levels specified.

4 Tedt and measurement procedures

4.1 General

The segtional and/or blank detail spé a i efests to be carried |out, the
measuré¢ments to be made before and aftere S p of tests, and the s¢quence
in which they shall be made. The stages—=¢ shall bé carried out in the order| written.
The me it inal measurements.

If natiopal specifications
those S;I:ecified in the a Rese methods shall be fully described.

The limjts give Il olute limits. The principle to take measprement
uncertainty into ascgu 001002-3, annex C to clause 2.

4.2 S

4.2.1

Unless , all tests and measurements shall be made under gtandard
atmosp esting, as given in 5.3 of IEC 60068-1:

— temperature: 15 °C to 35 °C;
— relativethumidity: 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 time sufficient to allow the entire resistor to reach this temperature. The period as prescribed
for recovery 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 refdree purposes, one of the standard atmospheric conditions for r ee_tests talen from
5.2 of IRC 60068-1, as given below, shall be chosen.

Table 1 — Referee conditions <\

A\
Temperature Relative humidity W
°C % /'\ a

20+1 63 to 67 ( (
23+1 A 48t05(\\/ /\ f%\golos
25+ 1 Q \{tg\sz‘ ( S )B(to 106

27+ 1 \.63 %Q\ \ 86 t0 106

4.2.4 Reference condition

For refg¢rence purpos
IEC 60068-1 ap

ospheric conditions for reference given ip 5.1 of

— temperature: 2
— airp
43 D

When d
procedure | 0

thed, the resistor shall be conditioned before measurement is magle using
proceduyre| as prescribed in the detail specification.

Procedyrel}:;” for 22”h + 4 h in an oven at a temperature of 55 °C £ 2 °C and at a| relative
h||midify not pyrnpding 20 9%

Procedure Il: for 96 h £ 4 hin an oven at 100 °C +5 °C

The resistor 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.

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 Measurements of resistance shall be made by using a direct v,
for as short a time as is practicable, in order that the temperatur
does naot rise appreciably during measurement. In the event of ¢
such test voltages, the voltage specified in table 2 shall be used\for r

Table 2 — Measuring volt

Rated resistance eas
R <\< @

R<10 QA \O\{(SM
1OQgR<1()OQ \\ y,iﬁ
D

LRGN I

(T

OAEE DT 2
NNOENY

< 1 < 50
E “\\hen the rated resistance is less than 10 Q,
asur voltage shall be so chosen that the
resistor\dissipates less than 10 % of its rated

The acduracy. easuring method shall be such that the total error does not excegd 10 %
of the tglerance. the measurement forms part of a test sequence, it shall be pogsible to
measurg¢.a’echange of resistance with an error not exceeding 10 % of the maximum|change
permittedforthat testsequence:

4.5.2 The resistance value at 20 °C shall correspond with the rated resistance taking into
account 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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4.6.1.1 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 occurs.

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
farthest from the axis of the resistor is nearest to one of the faces of thé blo

b) for rectangular resistors: the resistor shall be positioned in the blocK soO t theXermination

neaiest to the edge of the resistor is nearest to one of the faces

For cyli g of the
point of

4.6.1.2

A metal

For resi hetween
the edg

For resi 8 y of the
resistor AS provided that a minimum space ¢f 1 mm
betweern atj i e folded
over the

4.6.1.3 Methoz@e

The resjstor shall be o metal
plates) ¢xtending 3 stor.

46.1.4

The tes

The clamping e ofthe spring shall be 1,0 N + 0,2 N, unless otherwise specified in the detail
specification..The peifit of contact of the metal block shall be centrally located to ensyre good
repeatability’of the results.
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1 Metal|plate
2 Active side
3 Radiup 0,5 mm

4.6.1.5

The tes

specification.

Dimensjon L1 of the tgstblo

contact fareas is Tint ined.

IEC 227/99

1 Metal plate 4 Test point B

2 Terminations shall be in contact with the walls of the 5 V-shaped metal block, test point A

groove in the metal plate 6 Insulation material

3 V-shaped groove

Figure 3 — Insulation resistance and voltage proof test jig
for cylindrical surface mount resistors
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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 500 V or
500 V £ 50 V d.c. for resistors with an insulation voltage equal 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 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 r arhng; the insulation resistance shallbe read at the end of that pnrmrrl\

4.6.3 The insulation resistance shall be not less than the value préscribédN-the felevant

specification.

4.7 Voltage proof

4.7.1 The test shall be performed using one of the method
in the rglevant specification.

1, as préscribed

The V-block method is the preferred method for resi

4.7.2 Hor all resistors except surface mwu ' est voltage shall be|applied
betweern the terminations of the resistor one pole, and the V-plock or
metal fgil or mounting plate(s) as the other pole. voltage shall be alternating (40 Hz to
, from zero to a peak valug| of 1,42

60 Hz) and shall be increased, at a rate of about :
times th ge s d in the detail specification.

After th ) 3 He voltage shall continue to be applied for
60s £ §s.

For surface mountre : 8 of 1,42
times t boints A
and B rate of
approximatel

4.7.3 1 D WA) or
flashover.

4.8 Variatien of resistance with temperature

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

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

a) 2073 °C;

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

c) 207 °C;

d) upper category temperature + 2°C;

e) 2073 °C.
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4.8.3 Resistance measurements shall be made at each of the temperatures specified in 4.8.2,
after 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.

4.8.4 Methods of calculation

NOTE - The results of one measurement may be used for the calculation of the temperatyre coeficient . and for the
calculatiop of the temperature characteristic.

4.8.4.1 | Temperature characteristic of resistance

The ten er tem-

peraturg

Temper

where

A is t
bet

AR ist
R st

fference

If the rq shall be

calculat

R)

Lower category Upper category
> temperature temperature
M

R\\
N R, + R, R, + R,
2 2
A Rp-R Ry-R

If the temperatures recorded in 4.8.3 are designated O, Oy, O, Oy and O, the temperature
differences (A®) between the recorded temperatures shall be calculated as shown in table 4.

Table 4 — Calculation of temperature differences (  A®)

(©] Lower category temperature Upper category temperature
04 t0O 0. tO
AO oy - a c o4 - [ e
2 2
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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:

o = AR

= x10°
R x AG®

where A@ 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 AQ, see 4.8.4.T.
The tenperature coefficient of resistance a is expressed in parts milliox

4.8.5 The temperature characteristic of 3
resistanice a, ascertained as described above, shall be withipth
specification for the appropriate category temperature.

When the resistance value is greater than 5
charactg¢ristic or temperature coefficient shall ng
specification for values equal to or aboye 10 Q b

NOTE - [fhe temperature characteristic or tem
values of [less than 5 Q owing to difficulty of accura

4.9 Reactance

4.9.1 The reactance
and is $pecified in the

exhibited by wire,wouk
resistor$ with a
100 Q tp 1 MQ.

applicable ©
detaiNspecificatio

icient of

berature
e detail

esistance

ors for which a low reactance is fequired
a suitable test for inductance in the range
mentation shown in figure 4 can be

sed for
is from

IEC 228/99

1 Pulse generator
2 Oscilloscope

Rx Resistor under test

RL Non-inductive resistor with resistance approximately equal to 0,1 times the resistance of Ry

NOTE - The length of the connecting leads between the generator and resistor Rx shall not exceed 50 mm.

Figure 4 — Test circuit
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4.9.2 Pulse generator specification

The pulse generator 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

60115-1 © IEC:1999(E)

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

4.9.3 Oscilloscope specification

la. la £
T

Th M la Ll + Ll H o + HP
€ osgrroscope - shamave the TorowH g ChiatractertsStcs:

a) Risgtime (10 % to 90 %): less than 12 ns (frequency response: 30 KIHZ o

b) Timt base: 2 ns per mm or faster
c) Input capacitance at R should be 25 pF or less
d) Amgplification shall be sufficient to obtain good readabilit

49.4 1
pulse a

NOTE - A specification limit cou
a maximum inductance.

Volfag
@xi m
Sase §
0
‘ LIR Time
<>

IEC 229/99

tte

use

i

t of the
there is

ter than

lation, as

Figure 5 — Oscilloscope trace

4.10 Non-linear properties

The resistors shall be measured for non-linearity in accordance with IEC 60440. When there
are specific requirements for non-linearity, such requirements shall be specified in the detail

specification.

4.11 Voltage coefficient

(Applicable only when prescribed in the detail specification or when agreed upon between

manufacturer and customer.)

4.11.1 The resistor shall be dried using either procedure | or procedure Il of 4.3, as

prescribed in the relevant specification.
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4.11.2 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.

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

(R, - R)

voltage coefficient =
09 x (U xRy)

x 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 |The value of the voltage coefficient shall not excé at P ed i relevant
specification.

4.12 Npise

(Applicgble only when prescribed in hetween

manufagturer and customer.)
The res|stors shall be subjected to the

4.13 O\erload

4.13.1 |The resistanc

4.13.2 |The res@

is of the
winding|shall be horizontal 8Si 5 i i i between
15 °C a ashall then)be applied to the terminations of the resistor. The value
of the yoltage_and i ot i icati i [ relevant
specification Conpe [ i [ oldering

tags, cop i ima PSistors.

4.13.3 |Aftersa gry of not less than 1 h and not more than 2 h, the resistors ghall be
visually lexamined. ™€re shall be no visible damage and the marking shall be legible.

4.13.4 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 Resistors having a rated resistance less than the critical resistance value shall be
subjected to the following test.

4.14.2 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
soldering tags, copper wire of approximately 1,0 mm diameter shall be used for connecting the
resistors. The relevant specification shall prescribe any special mounting arrangements.
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4.14.3 The ambient temperature for the test shall be 15 °C to 35 °C. There shall be no air
circulation other than that produced by natural convection caused by the heated resistor.

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
after 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.

4.15 Rpbustness of the resistor body

4.15.1 |Resistors having a body length not less than 25 mm shall be\sukjegted e fBllowing
test.

4.15.2 |The body of the resistor is supported at both end e supports from
the end| faces being not more than 5 mm. The suppo c iyg of not Igss than
6 mm. A i ied gradually to the centie of the
body in . T™he" load shall be|applied
through £

4.15.3 - ist Al not be cracked or brpken.

6 mm min.

1 Support
2 Device through which the load is applied
3 Load

Figure 6 — Testing of resistor body robustness

4.16 Robustness of terminations

IEC 230/99

The resistors shall be subjected to tests Uaj, Ub, Uc and Ud of IEC 60068-2-21, as applicable.

4.16.1 The resistors shall be measured as specified in the detail specification.
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4.16.2

The force applied shall be as follows:

Test Uaq1 _ Tensile

-31 -

— for terminations other than wire terminations: 20 N;

— for wire terminations: see table 5.

4.16.3

Method

4.16.4

Method

This tes
and it sl
applicat

4.16.5

mountin

Table 5 — Tensile force for wire terminations

Nominal cross-sectional Corresponding diameter for Force
area circular-section wires
mm2 mm Ne—.
/

S< 0,05 d<0,25 1
0,05<S<0,1 0,25<d < 0,35 ) 2,5 \
0,1<S<0,2 0,35<d<0,5 \/
0,2<S<0,5 0,5<d<0,8 0 >
0,5<S<1,2 0,8<d<1,2 20

1,2<S

g devices)

orque (for terminations with threaded studs or screws and for

apply if,

AsS rigid,

d wiring

integral

Table 6 — Torque

Nominal thread diameter 2,6 3 3,5 4 5 6
mm
Torque Severity 1 0,4 0,5 0,8 1,2 2,0 2,5
Nm Severity 2 0,2 0,25 0,4 0,6 1,0 1,25
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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

4.17.1 |When the solderability test is followed immediately by the resistafce tosolderjng heat
test, a firying procedure as prescribed in 4.3 shall be applied. The i i} on shall
prescribe whether procedure | or procedure Il shall be used.

4.17.2 68-2-20
using ei , or the
solder globule method (method 3), as prescribed by the rel
4.17.3 rements
apply.
4.17.3.1
The tes
a) Allr
-
— immersion time
epth of @
printed

from the component body): Gfé mm.

4.17.3.2 {The terminations shall be examined for good tinning as evidenced by free flpwing of
the solderwithrwettimgof-thetermimations:

4.17.4 When the solder bath method is not applicable, the detail specification shall define the
test method, test conditions and the requirements.

NOTE — When the solder globule method is used, the soldering time is to be included in the requirements.
4.17.5 Surface mount resistors shall be tested in accordance with test Td of IEC 60068-2-58.
The relevant specification shall prescribe the severity and method to be used so that wetting,

dewetting or resistance to dissolution or metallization is consistent with the surface mounting
classificationl).

1) Under consideration.
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The detail specification shall also indicate the specific areas of the specimen to be examined
after dewetting.

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, thg drying procedure may be performed prior to the solderability test./The tesistar|ce shall
then be[measured as specified in 4.5.

4.18.2 |Unless otherwise stated in the relevant specification, one ofthe I 3hall be
applied,|as prescribed by the relevant specification:

a) for @ll resistors except those of items b) and c) belg t Tb of

IEC |60068-2-20, with the following conditions:
— temperature of the solder bath: 260 °C £ 5 °C;

- HRAY ) a thermal insulating screen
q
- i
b) forr
appl
-t

s indicated by the detail specffication,
g following conditions:

- 5mm,
or
- : : of IEC 60068-2-20, with the following conditigns:
-
The _ [ ron and the point of application shall be specified in the detail
speq
c) for g { resistors, apply test Td of IEC 60068-2-58. The relevant spedification

shal| prescribe the severity and method to be used for the resistance to soldering hgat to be
congistent’ with thé surface mounting classification?) .

Q
S

4.18.3 After recovery, 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, 24 h + 4 h (for surface mount resistors
1 h to 2 h) after the test, unless it can be demonstrated that stability is reached earlier.

The change of resistance with respect to the value measured in 4.18.1 shall not exceed the
limit prescribed in the relevant specification.

2) Under consideration.
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4.19 Rapid change of temperature

4.19.1 The resistance 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 and not more than 2 h.

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

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

spect to
the valug measured in 4.19.1 shall not exceed the limit prescribed_in ¥ i

ation.

4.20 Bump

4.20.1 |The resistor shall be mounted as indicated in the
4.20.2

4.20.3
severity|

bgree of

4.20.4
damage.

visible

The res
the valu

4.5. The change of resistance with respect to
he limit prescribed in the relevant specifjcation.

421 S

4.21.1 istor ¢ d’as indicated in the relevant specification.
4.21.2

4.21.3 . shall be subjected to test Ea of IEC 60068-2-27, using the de¢gree of
severity|prescribed i e relevant specification.

4_21.4 nen pnre ihed in the de I necification mea emen a

at intervals during the test, as prescribed in the relevant specification.

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

4.22.2 The resistance shall be measured as specified in 4.5.
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4.22.3 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 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 res|stance shall be measured as specified in 4.5. The change of r
the valug measured in 4.22.2 shall not exceed the limit prescribed in th

spect to
iffjcation.

4.23 Climatic sequence

tween arny of the
/ period gpecified

In the climatic sequence, an interval of three days maxi
tests, except that the cold test shall be applied immedi
for the fjrst cycle of the damp heat, cyclic, test Db.

4.23.1 |nitial measurements
The follpwing procedure shall apply.

a) The]lresistors shall be dried using ef Qr procedure |l of 4.3 as presgribed in

the felevant specification.
b) The|resistance shall bg
4.23.2 Pry heat

The resistors s
temperdture, for a d

4.23.3

ategory

The res using a

tempergt

4.23.4

The resgistofs shall be subjected to test Aa of IEC 60068-2-1, at the lower ¢ategory
temperafure, Tor a duration of Z 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.

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.
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Table 7 — Number of cycles

Categories Number of cycles
—/-156 5
—/-121 1
—/-/10 1
—/-104 None

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

At the €nd of the test, the resistors shall be subjected to the standard nditions
for testing. The time of transfer shall be as short as possible and s min. At
30 min 5 min after removal from the chamber, the resistors shall a d.c.
voltage [for 1 min. The voltage shall be the rated voltage, or oltage,
whichever is the smaller. The resistors shall then remaindi hspheric
conditiohs for testing for not less than 1 h and not more than

4.23.8 |The resistor shall then be visually examined. and the
marking| shall be legible.

The reg hen be
measur ured in
4.23.1 b

The ing relevant

specification.

4.24 Dpmp heat, stead

4.24.1 |The res

4.24.2 |The resisto 3|l De gd to test Ca of IEC 60068-2-3 using the d¢gree of
severity| correspdadi \ category of the resistor as indicated in the [relevant
specification.

4.24.2.1 sttated resistors or for resistors which are normally mounted on or petween
metal p ithoyt additional insulation, a division into three groups shall be gffected
as folloy

a) Theffirst group sHall be subjected to the test without any voltage applied.

b) The Second group shall be subjecied to the test with a direct voltage between the
terminations. The voltage to be applied shall be selected from the following series:

0V,4V,6,3V,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 voltage required, so that the resistor is dissipating 0,01 times the rated dissipation, or
shall be 0,1 times the limiting element voltage, whichever is the smaller. Throughout the
test period the voltage shall be kept as close as possible to the specified voltage, a
tolerance of £5 % being allowed for mains 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
source. The voltage shall be applied continuously throughout the test.
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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.

4.24.4 |The resistors shall then be visually examined. There shall be
the marking shall be legible.

visiblendampge and

The registance and hen be
measure in 4.24.1
shall no

The instilation resistance shall be not less than that p ion.

4.25 Epdurance

The ratg mbient temperature ¢f 70 °C
and sha 0°C or, in the case ofl certain
high-po ature using the correction factpr given
in 4.25.2.3.

When changes in the
of the fqllowing additiof

cur at temperatures other than 70|°C, one

a) At teamperat fok example, when a resistor is derated linegrly from
20 °[C, through 70 3 issipation at the upper category temperature, or Where a
resis issipatiof 20 °C to 40 °C and is then derated linearly from
40 ° H 7Q R ZEXQ dIS pation at the upper category temperature), the fesistors
shal hject dittens specified in 4.25.1 (endurance at 70 °C), except that
1) th QL be the temperature at which the change of the slope of the

q :

2) th G e @pplied shall be the voltage calculated from the square rogt of the
p 8 ated resistance and the dissipation at test temperature, or it shall be the
li pent voltage, whichever is the smaller. The test dissipation ghall be
chiculated using the following formula:

70 - et

=R (R-R)o—

where

P; is the dissipation at test temperature, in watts;
Pr is the rated dissipation, in watts;

Pc  is the category dissipation, in watts;

©, s the test temperature, in degrees Celsius;

Ouc is the upper category temperature, in degrees Celsius.
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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 be subjected to the conditions specified in 4.25.1 (endurance at 70 °C),
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.

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 at an
ambient temperature of 70 °C % tended
duration of the test (see 4.25.1.8).

4.25.1.3 d with a
direct voltage. Any ripple voltage shall not exceed 5 %A(peak

Resisto oltage.
The volfage shall be applied in cycles ok1,5%_ 0N . Thig voltage
shall be imi H

The applied voltage shall b

NOTE — T

4.25.1.4 The registor rack of
insulating mater er only,
unless g¢therwise spe s of the
resistor|shall be 3 es the diameter of the resistors. There shall be no
undue ( : i ber, the
resistor ipn, over
the resi

4.25.1.5 be such
that, wh han that
required to Mmaintaiq the atmosphere in the chamber at 70 °C so that the temperature|can still
be contfelled by the heating element. The temperature-controlling elements shall be|suitably
spaced fromtheresistorsand—shaltbe—shietded—so—=as nottobedirectty - inftuenced by the

radiation of the resistors. It is assumed, in this test, that the ambient temperature of the
resistors is 70 °C.

4.25.1.6 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.

Alternatively, resistance 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
final measurements shall always be made under standard atmospheric conditions for testing.

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

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.

4.25.1.8d When prescribed by the relevant specification, the duration pf the\testyshall be
extendeld by a specified period. For this period, the relevant specificati spesify the time
at which any measurements shall be made and the requirements.
4.25.2 Endurance at room temperature
4.25.2.1 The resistance shall be measured as specified i
4.25.2.2 The resistors shall be subjected to an endura ce test n) at an
ambient temperature between 15 °C and 35 °C. & i ificafion, the
duration of the test may be extended (sege 4.25.
4.25.2.3 d with a
direct voltage
Resisto \voltage.
Howevey, in their
detail sy
cified in
surface
on shall
hse, the

The voliage-shall be applied in cycles of 1,5 h on and 0,5 h off throughout the test.

For all resistors except heat-sink resistors, the voltage shall be the rated voltage multiplied by
the square root of the correction factor, or it shall be the limiting element voltage, whichever is
the smaller. For heat-sink resistors, the voltage shall be the rated voltage or it shall be the
limiting element voltage, whichever is the smaller.

The correction factor is given in the following formula:

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-hour off-periods are included in the total test duration specified in 4.25.2.2.
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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.

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

conductjvity.
Table 8 — Heat sink dimensions (\ x

Reference heat-sink (see figure 7) /\\ \\ \ N
Length Width Height }’éigre ceése{

i w h (see hote)
mm mm mm //\Q
155 100 50 ( N 16\\ > 410

180 130 | 50(\\// 7 544

230 180 { [\ 6o ( K&E)I\/ 824
NOTE - The area specified |s\1Kt o}\q\wte\s\urfa reference heat-sink.

[ E—
QW T,

\ \> IEC 231/94

Figure 7 — Reference heat sink

The heat-sihk resistors shall be so arranged that the temperature of any one resistorn will not
appreciably influence the temperature of any other resistor, and in such a manner that natural
convection is not hindered. There shall be no undue draught over the resistors.

4.25.2.5 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 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 speci-
fied in 4.6, and the value shall be not less than that prescribed in the relevant specification.

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
ambieny temperature equal to the upper category temperature prescriped I relevant
specification. When required by the detail specification, the durati may be
extendeld (see 4.25.3.8).

For those resistors which are derated to zero at temperatures/of 200\ °G, a the test
shall bg performed at zero dissipation. For those resistors which arexgers b above
200 °C,| the test shall be performed at 200 °C with tha [ idsipation
applicaljle at 200 °C (category dissipation).

4.25.3.3 d with a
direct v igsipation
greater

The volfage shall be the I 3 ategory
dissipat|on and the rated : ich ,

The apglied voltage s
NOTE - Tlhe half-ho@

4.25.3.4 manner
as spec|fi

There s the test
chambe natural

convect

4.25.3.5 the testing chamber and the number of resistors under test shall jpbe 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 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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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).

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 he not less than that prescribed in the relevant specification

4.25.3.8§ When prescribed by the relevant specification, the duratj hall be
extendeld by a specified period. For this period, the relevant specificatio [ She time
at which any measurements shall be made and the requirements,

4.25.4 Endurance at maximum element temperature  (hega

4.25.4.1 The resistance shall be measured as specifigd

4.25.4.2 The resistors shall be subjected to a
ambient temperature equal to the mai
specification.

), at an
prescribed in the detail

The tes

4.25.4.3
chambe
less thal

the resistors shall be removed from the
xfmospheric conditions for testing) for not

4.25.4.4 ined. There shall be no visible damage|and the

all be measured as specified in 4.5. The change of

marking

resistan measured in 4.25.4.1, in each of the sudceeding
measurg¢ lue prescribed in the relevant specification.

After in i AE ents, the resistors shall be returned to the test chamber. The
interval | K& al of any resistor from the chamber and its return to the ¢hamber
shall no

shall be|ngtdess than that prescribed in the relevant specification.

After 1 ) igllation resistance shall be measured, as specified in 4.6, and tTe value

4.25.4.5 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.

4.26 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
application of overload to a resistor.
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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.

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

IEC 232/99

m larger than the component diameter.

n two times the length of the component under test.

Figure 8 — Gauze cylinder fixture

The len
specimgnander test

pnder shall be not less than two times the length of the body of the

The cheese-cloth used in the forming of the cylinder shall be untreated cotton cloth, the type
described as 36 inches wide, running 14 yards to 15 yards per pound (36,3 g/m2 to 38,8 g/mz)
and having what is known as a count of 32" by 28".

The cheese-cloth shall be pre-conditioned under standard atmospheric conditions for testing
for 24 h.

The test specimen 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.
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Conditions of test

4.26.3.1 Ventilation

1999(E)

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

4.26.4

When this test is prescribed by a detail specification, the detail

the resi
sample

The res

conditio

Overloa
resistor
voltage,

Each oV

the resi

During
the volt
series r

The volf
be obse

During ¢

a) flam
b) low

4.26.5

There s

4.27 S

4.27.1

££ + +a + + (3
ATTTLULO ULITT ITOU TTOUILO.

Test procedure

Stance range for which the test applies and the resistd
shall be taken.

mpedatree or gpen circuit (for information only).

specify
the test

pspheric

d to the
element

or until

ment of
e of this

Aapiramnnt

AR AZLLATR A B L

hall be no flaming of the gauze cylinder.

ingle-pulse high-voltage overload test

Object

The object of this test is to determine the ability of a resistor to withstand single-pulse

conditio

ns 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.
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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 9 and 10.

s in micrefarads or ohms

O o -
High-voltage
source — 2uF
o VAN \ /\\J o (b)
\_j\/ IEC 233/99
neratont,2/50

Component values in microfarads or ohms

25Q

L o (@

T 02yF

o (b)
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NOTE - 1 i indicgted in figures 9 and 10 may be a spark gap or a mechanical switch or a thyrisfor switch,
as approgriate with respect to voltage and current.

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 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 9.

vith the
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appropr|ate 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 t.
shall givie the details.

>10. The
ification

4.27.3.9 Severities

The tes{ shall be performed with a severity chosen from le

Table meg%g%ee n te@

Sever|ty Pulse shape Putse wolta \/ Number of pulses Total
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NOTE 1 {+ Ugris'the raM/oltage; Umax is the limiting element voltage.

NOTE 2 —The given values of pulse voltage are prospective peak voltages as defined n I[EC 60060-1.

* Whichever 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) Method of mounting of the resistor for the test.
b) Test severity, to be selected from table 9.
c) Ambient temperature, if other than 15 °C to 35 °C.

d) Faildre criteria, for example,
— permissible resistance change, if different from that specified foKth raree ftest;
— ipsulation breakdown;
— ghort circuit;
— Qpen circuit;
— Qther criteria.

4.28 Periodic-pulse high-voltage overload test

4.28.1 Pbject

The obj esis 0 withstand conditions |of short

high ovd

Change 2 er he%are pasically due to

— intern
— curr G esses and mechanical forces.

4.28.2

The foll

4.28.2.1

The dur

4.28.2.2 Pulse repetition period ( t,)

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 Ug, which is the rated voltage on the resistor as defined in 2.2.16.
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