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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT –  

 
Part 2: Sectional specification: Low-power film resistors with leads  

for through-hole assembly on circuit boards (THT) 
 

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

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

IEC 60115-2 has been prepared by IEC technical committee 40: Capacitors and resistors for 
electronic equipment. It is an International Standard. 

This fourth edition cancels and replaces the third edition published in 2014. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) the definitions of product technologies and product classification levels of the generic 
specification, IEC 60115‑1:2020, have been adopted; 

b) the preferred dimensions given in Table 1 have been reviewed, and the legacy style 
RA_0922 has been removed; 

c) a basis for the optional specification of the lead eccentricity of axial leaded resistors has 
been amended in 4.2; 

Full document details: IEC 60115-2-2023

http://www.avadocuments.com/doc/iec-60115-2-2023
http://www.avadocuments.com/doc/iec-60115-2-2023


 – 8 – IEC 60115-2:2023 © IEC 2023 

d) the 'period-pulse high-voltage overload test' of IEC 60115‑1:2020, 8.3 has been adopted as 
default test method in 5.3.8, thereby replacing the legacy test 'periodic-pulse overload test' 
of IEC 60115‑1:2020, 8.4;  

e) the revised solderability test of IEC 60115‑1:2020, 11.1 has been adopted in 5.3.19 and 5.3.20; 
f) the combined solvent resistance test of IEC 60115‑1:2020, 11.3 has been adopted in 5.3.22;  
g) the 'endurance at room temperature test' of IEC 60115‑1:2020, 7.2 (prior IEC 60115 2:2014, 

Annex C) has been adopted as an optional test in 5.4.1; 
h) the 'single-pulse high-voltage overload test' of IEC 60115 1:2020, 8.2, applied with the pulse 

shape 10/700 in 5.3.7, is complemented with the optional alternative provided by the pulse 
shape 1,2/50 in 5.4.2; 

i) climatic tests for 'operation at low temperature' of IEC 60115‑1:2020, 10.2, and for 'damp 
heat, steady state, accelerated' of IEC 60115‑1:2020, 10.5, have been adopted as optional 
tests in 5.4.4 and 5.4.5, respectively; 

j) new guidance is provided in 6.2 on the presentation of stability requirements with their 
permissible absolute and relative deviations; 

k) acceptance criteria for the visual examination have been added in 6.5 and in Annex B; 
l) visual examination for the primary and proximity packaging has been added in 6.5.2 and in 7.2; 
m) the periodical evaluation of termination platings has been added as a new topic of quality 

assessment in 9.8; 
n) the revised test clause numbering of IEC 60115‑1:2020 has been applied; 
o) a new Annex C has been added to summarize workmanship requirements for the assembly 

of leaded film resistors, e.g. as given in the prior IEC 61192 series of standards; 
p) the informative Annex F (prior Annex B) on radial formed styles has been amended with 

details on a formed Z-bend style for surface-mount assembly. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

40/2943/CDV 40/3001/RVC 

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

The language used for the development of this International Standard is English. 

A list of all parts in the IEC 60115 series, published under the general title Fixed resistors for 
use in electronic equipment, can be found on the IEC website. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT –  
 

Part 2: Sectional specification: Low-power film resistors with leads  
for through-hole assembly on circuit boards (THT) 

 
 
 

1 Scope 

This part of IEC 60115 is applicable to fixed low-power film resistors with termination leads for 
use in electronic equipment, which are typically assembled in through-hole technology (THT) 
on circuit boards. 

These resistors are typically described according to types (different geometric shapes) and 
styles (different dimensions) and product technology. The resistive element of these resistors 
is typically protected by a conformal lacquer coating. These resistors have wire terminations 
and are primarily intended to be mounted on a circuit board in through-hole technique. 

The object of this document is to state preferred ratings and characteristics and to select from 
IEC 60115-1 the appropriate quality assessment procedures, tests and measuring methods and 
to give general performance requirements for this type of resistor. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60062:2016, Marking codes for resistors and capacitors 

IEC 60063:2015, Preferred number series for resistors and capacitors 

IEC 60068-1:2013, Environmental testing – Part 1: General and guidance  

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

IEC 60068-2-20:2021, Environmental testing – Part 2-20: Tests – Test Ta and Tb – Test 
methods for solderability and resistance to soldering heat of devices with leads 

IEC 60115-1:2020, Fixed resistors for use in electronic equipment – Part 1: Generic 
specification 

IEC 60286-1, Packaging of components for automatic handling – Part 1: Tape packaging of 
components with axial leads on continuous tapes 

IEC 60294:2012, Measurement of the dimensions of a cylindrical component with axial 
terminations 

IEC 60301, Preferred diameters of wire terminations of capacitors and resistors  

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

3.1 Terms 

For the purposes of this document, the terms and definitions given in IEC 60115‑1:2020, 3.1, 
as well as the following, apply. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1.1  
axial type 
physical design of a component with leads extending to both sides along the longitudinal axis 
of the components body 

Note 1 to entry: Figure 1 shows an illustration of a typical axial leaded resistor. 

 

Figure 1 – Illustration of a typical axial leaded resistor  

3.1.2  
radial type 
physical design of a component with leads extending to one side along the longitudinal or along 
the diagonal axis of the component body 

Note 1 to entry: The single direction of the leads may originate from inside the component body or by forming one 
or both leads outside of the component body, see Figure 2. 

   

a) Radial leaded 
resistor 

b) Radial formed type, 
upright body position 

c) Radial formed type, 
lateral body position 

 

Figure 2 – Illustrations of typical radial leaded resistors  

Note 2 to entry: See Annex F for information on radial formed types. 
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3.1.3  
insulated resistor 
resistor that is declared as being insulated by the relevant specification, which in order to 
support this has a specified insulating voltage and insulation resistance, and which is assessed 
for these properties with the suitable tests of this specification 

Note 1 to entry: The mere existence of a protection of the resistive element, e.g. by means of a lacquer coating, 
does not constitute an insulation unless the insulating properties have been assessed properly. 

Note 2 to entry: Typical tests for the assessment of insulating properties are endurance, climatic sequence and 
damp heat steady state tests. 

[SOURCE: IEC 60115-1:2020, 3.1.7, modified – Note 3 to entry omitted.] 

3.2 Product technologies 

The definitions of product technologies intend to provide the reader with a guidance on the 
variety of technologies used for the making of resistors, and to aid their identification. 

For the purposes of this document, the following product technologies as described in 
IEC 60115‑1:2020, 3.2 apply: 

– metal film technology, 
– metal glaze technology, 
– metal oxide technology, 
– carbon film technology. 

3.3 Product classification 

The introduction of a product classification permits the user to select performance requirements 
according to the conditions of the intended end-use application.  

For the purposes of this document, the following product classification levels as defined in 
IEC 60115‑1:2020, 3.4 apply: 

– Level G – general electronic equipment 
– Level P – high-performance electronic equipment 
– Level R – high-performance and high-reliable electronic equipment 

4 Preferred characteristics 

4.1 General 

The values given in detail specifications shall be selected from the values given in 4.2 to 4.9. 

4.2 Style and dimensions 

4.2.1 Preferred styles and outline dimensions 

The shape and dimensions of axial leaded resistors are shown in Figure 3, with preferred styles 
and their respective dimensions given in Table 1. Style designators of axial leaded film resistors 
begin with RA. 
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Table 1 – Preferred styles of axial leaded resistors 

 Dimensions 

Stylea Body diameter Dc Body length Lb Lead diameter dd Lead length lmin
e 

 mm mm mm mm 

RA_0204 0
7,02−  0,1

0,14+
−  0,5 21 

RA_0207 5,0
02+  0,5

2,07+
−  0,6 21 

RA_0309 0,5
0,53+

−  0,5
2,59+

−  0,7 21 

RA_0411 0,5
1,04+

−  0,5
3,511+

−  0,7 21 

RA_0414 0,5
1,04+

−  0,5
4,014+

−  0,8 21 

RA_0617 5,0
0,16+

−  0,5
4,017+

−  0,8 21 

a The style reference starts with the characters RA, representing Resistor, Axial.   
The style reference is completed by a third character for the product technology, as given in 3.2:  
M = metal film; G = metal glaze; C = carbon film; X = metal oxide.   
The numerals indicate the dimensions of the resistor body, using 2 digits for the diameter D, followed by   
2 digits for the length L, both given in tenths of millimetres.  
Examples for complete style references are RAM0204, RAX0414. 

b The body length of the resistor L shall be gauged as described in 5.3.11. 
c The body diameter of the resistor D shall be gauged as described in 5.3.11. 
d Nominal diameter of the lead wires d, with permissible tolerances in accordance with IEC 60301. 
e The minimum lead length lmin applies only to the free lead length in tape packaging in accordance with 

IEC 60286‑1.   

 

 

Figure 3 – Shape and dimension of axial leaded resistors  

The detail specification shall present a realistic outline illustration of the resistors covered 
therein, which shall contain all relevant dimensions. The detail specification may deviate from 
the preferred styles or their recommended dimensions given in Table 1, e.g. due to specific 
technical requirements or due to deviating styles existing for legacy products. 

The recommendation for lead wire diameters in Table 1 applies to standard copper wires with 
a tin plating. The detail specification may specify other wire materials and other wire diameters 
where this is justified by specific technical requirements or by a prior specification of a legacy 
product. Special attention is drawn to the impact of different wire materials or diameters on the 
thermal conductivity of the lead wires, which affects the thermal management of the products 
in their application situation. Therefore, a change of wire is likely to require an adaptation of 
the dissipation rating or of the limiting temperatures and the depending stability data of the 
affected product. 

For the specification of any unsolderable area on the lead wires, e.g. due to excessive coating 
or due to extended welding beads, if required, the provisions of 4.2.2 shall be applied. 
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For the specification of any eccentricity of the lead wires, if required, the provisions of 4.2.4 
shall be applied. 

4.2.2 Length of excessive coating or welding bead 

As an optional element, the detail specification may specify the permissible length of excessive 
protective coating extending onto the leads of the resistor, using one of the alternative methods 
given in Figure 4.  

The length of excessive protective coating, dimension c as shown in Figure 4a, shall be gauged 
as specified in IEC 60294:2012, Clause 4, using a gauge plate of a thickness corresponding to 
the maximum permissible length of excessive protective coating. A method for measuring or 
gauging the length between clean leads, dimension Lc, as shown in Figure 4b, shall be stated 
in the detail specification, if required. 

  

a) Length of excessive coating, c b) Length between clean leads, Lc 

 

Figure 4 – Alternative methods for specification of the length 
of excessive protective coating on axial leaded resistors  

4.2.3 Lead wire spacing 

Associated with a style and the actual dimensions of the respective products is the shortest 
possible standard distance of the centre line of the lead wires bent to 90° from the direct axis 
of the resistor body, which sets the lead-wire spacing S, as shown in Figure 5. The spacing S 
also defines the minimum grid dimension G of PCB bores into which the resistor can be 
assembled with its body located lateral on the PCB surface, when the required forming is done 
in the assembly process. 
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Key: 

S Resistor lead-wire spacing, distance of the centre lines of the bent leads. 

G Grid of the bores in the circuit board intended for assembly of the resistor 

NOTE The drawing of the resistor with formed leads is not intended to suggest the availability of ready formed 
resistors under this specification. 

Figure 5 – Lead-wire spacing of axial leaded resistors with bent leads  

If the component type is other than described above, for example for radial leaded resistors, 
the detail specification shall state such dimensional information as will adequately describe the 
resistor. See the provisions on radial formed types of resistors in Annex F. 

4.2.4 Lead eccentricity 

Axial leaded resistors are typically designed with centric leads emerging from both faces of the 
resistor body, unless specifically declared and specified otherwise. A significant offset lead 
position can jeopardize an automated assembly process and is likely to infringe upon designed 
distances within the assembled circuit and thereby adversely affect safety requirements. 
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a) Designed  
lead position 

b) Real offset  
lead position 

c) Effective offset  
lead position 

 

Key 

d, D nominal diameters, see Table 1  

Dmax  maximum permissible diameter D, including the permissible tolerance given in Table 1  

℄ centre line 

e real eccentricity, distance between centre lines of D and d 

e' effective eccentricity, distance between centre lines of Dmax and d 

Figure 6 – Specification of the lead eccentricity of axial leaded resistors  

As an optional element, the detail specification may specify the permissible eccentricity of the 
leads of a resistor, by means of the real eccentricity e, or of the effective eccentricity e' as shown 
in Figure 6. The eccentricity shall be assessed on the straight part of each lead nearest to the 
resistor body. 

The detail specification shall state a suitable method for measuring or gauging the lead 
eccentricity, if required. 

4.3 Preferred climatic categories 

The leaded film resistors covered by this specification are classified into climatic categories 
according to the general rules given in IEC 60068-1:2013, Annex A. 

The lower and upper category temperature and the duration of the damp heat, steady state test 
shall be chosen from the following: 

Lower category temperature (LCT) −65 °C; −55 °C; −40 °C; −25 °C and −10 °C. 

Upper category temperature (UCT) 85 °C; 100 °C; 125 °C; 155 °C; 175 °C and 200 °C. 

Duration of damp heat, steady-state test:  21 days and 56 days. 

The severities for the cold and dry heat tests are the lower and upper category temperatures, 
respectively. 
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4.4 Resistance  

See IEC 60115‑1:2020, 4.2.2. 

The series of resistance values should be selected according to the tolerance on resistance as 
recommended by IEC 60063:2015, Table 3. 

4.5 Tolerances on resistance 

The preferred tolerances on resistance are:  
±10 %; ±5 %; ±2 %; ±1 %; ±0,5 %; ±0,25 %; ±0,1 %; ±0,05 %; ±0,02 % and ±0,01 %. 

4.6 Rated dissipation P70  

The preferred values of rated dissipation P70 for mounted resistors at 70 °C ambient 
temperature are taken from every third value of the R10 series of preferred numbers of ISO 3: 
0,063 W; 0,125 W; 0,25 W; 0,5 W; 1 W and 2 W. 

The detail specification shall specify the conditions under which the rated dissipation applies. 

Figure 7 shows the format of a typical derating curve, suitable for providing information on the 
required derating of the permissible dissipation for any ambient temperature above the rated 
temperature. 

 

Figure 7 – Derating curve  

The upper category temperature (UCT), which is used for test procedures, should be based on 
the maximum element temperature (MET). 

All end points and break points on the derating curve shall be verified by test. 

4.7 Limiting element voltage Umax 

The preferred values of DC or AC RMS limiting element voltage Umax are taken from the R10 
series of preferred numbers of ISO 3: 50 V; 63 V; 80 V; 100 V; 125 V; 160 V; 200 V; 250 V; 
315 V; 400 V; 500 V; 630 V; 800 V and 1 000 V. 

In addition, the following customary values are still in use: 
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– 300 V (2nd more rounded R''10 value from ISO 497);  
– 750 V (R40 value from ISO 3). 

4.8 Insulation voltage Uins  

For insulated resistors, the preferred values of DC or AC peak insulation voltage Uins are taken 
from the R10 series of preferred numbers of ISO 3: 80 V; 100 V; 125 V; 160 V; 200 V; 250 V; 
315 V; 400 V; 500 V; 630 V; 800 V; 1 000 V; 1 250 V and 1 600 V. 

In addition, the following customary values are still in use: 

– 150 V; 300 V and 1 500 V (2nd more rounded R″10 values from ISO 497); 

– 1 100 V (1st more rounded R'20 value from ISO 497); 
– 75 V and 750 V (R40 values from ISO 3).  

The insulation voltage Uins shall not be specified lower than the AC voltage peak value that can 
be applied continuously and therefore shall not be rated less than Uins = 1,42 · Umax. 

4.9 Insulation resistance Rins  

For insulated resistors, the insulation resistance Rins shall be not less than 1 GΩ. 

NOTE See 6.7 for requirements to the insulation resistance Rins after tests. 

5 Tests and test severities 

5.1 General provisions for tests applied by this specification 

Subclause 5.2 provides detailed prescriptions related to the preparation of specimens for tests, 
particularly on a preferred variety of mounting methods. Any deviation from these prescriptions 
required by the type of resistors covered by a particular detail specification under this sectional 
specification shall be clearly stated in that particular detail specification. 

Subclause 5.3 provides detailed prescriptions of all the tests applied by the test schedules for 
qualification approval and for quality conformance inspection. The amount of information given 
here clearly exceeds any short overview information fitted into the conditions of test column of 
the respective test schedule and therefore shall take precedence over the overview information. 

Subclause 5.4 provides detailed prescriptions of additional tests which are not contained in the 
test schedules for qualification approval and for quality conformance inspection. These tests 
are intended to be used as an alternative to tests contained in the test schedules, or as additions 
to the specified number of tests, in the drafting of a detail specification aiming to cover special 
requirements. Any prescription of such additional tests shall be accompanied by the prescription 
of suitable inspections, e.g. visual examination or assessment of the change of resistance. 
Furthermore, the respective detail specification shall present suitable performance 
requirements for any applied additional test. See Annex E for recommendations on the suitable 
implementation of these optional and/or additional tests into the test schedules. 

The specified tests shall be conducted under standard atmospheric conditions for testing as 
outlined in IEC 60115‑1:2020, 5.2.3, unless stated otherwise.  

Tolerances on specified test parameters shall be applied in accordance with IEC 60115‑1:2020, 
5.3, unless stated otherwise. 
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5.2 Preparation of specimens 

5.2.1 Drying 

Procedure 1 of IEC 60115‑1:2020, 5.4 shall be used. 

5.2.2 Mounting of components on test boards 

5.2.2.1 General 

If the relevant specification calls for mounting of the specimens on a test board, the axial leaded 
resistors, regardless of their product technology, shall be mounted on a board as specified in 
5.2.2.2, applying the assembly provisions of 5.2.2.3. 

The provisions of IEC 60115‑1:2020, 5.5.2 shall be applied. 

In order to minimize the effect of heat emitted from any specimen to any other specimen, the 
test boards shall be positioned vertically, with the specimens aligned in a vertical orientation in 
a horizontal row. 

5.2.2.2 Specification of test boards 

Unless specified otherwise, the test boards shall be an epoxide woven glass type with a 
thickness of (1,6 ± 0,1) mm, with conductors made of un-tinned copper with a nominal thickness 
of 35 µm.  

Unless specified otherwise, the central area of tests boards shall comply with the basic layout 
as shown in Figure 8. Outside of the defined area, the conductor tracks should not be wider 
than specified inside the defined area. The total board size, connector style, use of solder mask, 
and number of specimens on each board are at the discretion of the executor of tests, and 
subject to the approval of the responsible certification body. 

The detail specification may provide a different material specification and basic layout, as 
technically required for the scope of components covered therein. 

Test boards with Kelvin (4 point) connections in accordance with Figure 8a, with the dimensions 
given in Table 2, shall be used for tests for a stability class 0,1 or below and if the resistance 
of the specimens is below 100 Ω. As a variation of the layout shown in Figure 8a, the test board 
may also run both sense conductors to the same edge of the defined area. 

Test boards in accordance with Figure 8b, with the dimensions given in Table 2, may be used 
for tests for any stability class above 0,1, when the resistance of the specimens is 100 Ω or 
higher, or for tests not requiring a measurement of the resistance value.  
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Dimensions in millimetres 

 

a) Basic layout with Kelvin (4 point) connections 
Dimensions in millimetres 

 

b) Basic layout with standard connections 
Key 
a limit of the defined area, where dimensions apply as given in Table 2  
C width of the force copper conductor 
P centre line pitch of any two adjacent force conductors 
M distance from any first or last force conductor's centre line of to the defined area's edge 
G centre distance of the holes for specimen assembly 
b bore diameter of the holes for specimen assembly 

 copper layer 

Figure 8 – Basic layout for mechanical, environmental and electrical tests 
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Table 2 – Test board dimensions 

Style b G C P M 

 mm mm mm mm mm 

RA_0204 0,8 ± 0,1 7,5 ± 0,1 2,0 ± 0,1 15,0 ± 0,1 7,5 ± 0,1 

RA_0207 1,0 ± 0,1 10,0 ± 0,1 5,0 ± 0,1 20,0 ± 0,1 10,0 ± 0,1 

RA_0309 1,3 ± 0,1 12,5 ± 0,1 7,5 ± 0,1 25,0 ± 0,1 12,5 ± 0,1 

RA_0411 1,3 ± 0,1 15,0 ± 0,1 10,0 ± 0,1 30,0 ± 0,1 15,0 ± 0,1 

RA_0414 1,3 ± 0,1 17,5 ± 0,1 10,0 ± 0,1 30,0 ± 0,1 15,0 ± 0,1 

RA_0617 1,3 ± 0,1 22,5 ± 0,1 10,0 ± 0,1 45,0 ± 0,1 22,5 ± 0,1 

No metal area is permitted on the bottom side or on any inner layer under the defined area, except a single straight 
sense conductor with a maximum width of 0,3 mm for every Kelvin connection.  

If applicable, the test board layout may also run both sense conductors to the same edge of the defined area. 

 

5.2.2.3 Assembly on test boards 

The resistor specimens shall be mounted laterally to the component side (primary side) of the 
test board, with the axial leads bent each to 90° in order to fit into the appropriate bores, as 
shown in Figure 9.  

 

Key: 

S resistors lead-wire spacing 

d nominal diameter of the lead-wire 

r lead-wire bending radius, measured on the inside of the wire 

h clearance of the resistor body above the circuit board 

p protrusion length of the cropped lead-wire below the circuit board 

G Grid of bores in the circuit board intended for assembly of the resistor 

NOTE Plated via holes can be required for the vibration test, the bump test or the shock test in order to build a 
stronger solder joint. 

Figure 9 – Assembly of specimens to the test board  

The workmanship requirements of Annex C shall be observed, particularly 

– C.2.1 for details concerning the straight length and the radius of the lead forming; 
– C.3.2 for details concerning the lateral mounting position of the resistor; 
– Clause C.4 for details concerning the cropping of the protruding lead ends. 

Special provisions can be required on a minimum clearance of resistors specified for a high 
limiting element voltage. Such provisions and constraints are subject to the relevant detail 
specification. 
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5.2.3 Mounting of components on a test rack 

As the default mounting method, or if the relevant specification calls for mounting of the 
specimens on a test rack, the resistors shall be connected by their terminations (e.g. lead wires) 
to suitable fixation devices on the rack. The relevant provisions of IEC 60115‑1:2020, 5.5 shall 
be applied. 

In order to minimize the effect of heat emitted from any specimen to any other specimen, the 
test rack shall be positioned horizontally, with the specimens aligned horizontally within the 
rack, and racks shall not be stacked. 

See Figure 10 for the dimensions within a rack. Unless specified otherwise, the following 
constraints shall apply: 

a) the specimens' mounting pitch shall at least be 7 times the body diameter, P ≥ 7 × D; 

b) the specimens shall be approximately centred between the fixations on each bar, l1 ≈ l2; 

c) the length of lead wires shall not be shorter than 20 mm, l1 ≥ 20 mm, l2 ≥ 20 mm; 

d) the axial displacement shall not exceed 50 % of the specimens' body length, ∆l ≤ 0,5 × L; 

e) the radial displacement shall not exceed the specimens' body diameter, ∆P ≤ D. 
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Key 

B conductive bar 

F specimen fixation device 

D specimen body diameter 

L specimen body length 

l1, l2 specimen lead length 

∆l axial specimen displacement 

P centre line pitch of any two adjacent specimens 

∆P radial specimen displacement 

Figure 10 – Mounting of axial leaded specimens on a rack, top view 

A rack normally consists of two parallel conductive strips or bars, which either are sufficiently 
rigid to support the specimens' mass themselves or are supported by a suitable insulating 
substrate or construction. The strips or bars may carry fixation devices (e.g. clips, clamps, 
screw terminals) at the appropriate places for the connection of the specimens' lead wires. See 
Figure 11 for examples of specimen lead fixation devices. 
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a) Through holes with 
screw clamp 

b) V groove with press 
clamp 

c) Spring loaded wire 
clamp 

 

Figure 11 – Examples of specimen lead fixation devices 

5.3 Details of applied tests 

5.3.1 Resistance 

See IEC 60115‑1:2020, 6.1 and IEC 60115‑1:2020, 5.6. 

Unless otherwise specified, the points of measurement on unmounted specimens shall be on 
the leads at a distance of lmeas = (6 ± 1) mm from the resistor body. For specimens mounted 
on a test board in accordance with 5.2.2, the points of measurement are determined by the 
solder joints. 

5.3.2 Temperature coefficient of resistance 

See IEC 60115‑1:2020, 6.2 and IEC 60115‑1:2020, 5.6. 

Unless otherwise specified, the points of measurement on unmounted specimens shall be on 
the leads at a distance of lmeas = (6 ± 1) mm from the resistor body. For specimens mounted 
on a test board in accordance with 5.2.2, the points of measurement are determined by the 
solder joints. 

The sequence of temperatures, 20 °C / LCT / 20 °C / UCT / 20 °C, shall be applied 
consecutively. 

5.3.3 Temperature rise 

See IEC 60115‑1:2020, 6.7, with the following details: 

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3. 

The specimens shall be positioned in such a way that heat from any one specimen affects the 
adjacent specimens to the least possible extent. The specimens shall be in free air at the 
standard atmospheric conditions for testing as given in IEC 60115‑1:2020, 5.2.3 (e.g. ambient 
temperature 15 °C to 35 °C). 

NOTE For specimens mounted on a test rack, this will normally be achieved by positioning the rack horizontally, 
with the specimens aligned horizontally within the rack. For specimens mounted on a test board, this will normally 
be achieved by positioning the test boards vertically, with the specimens aligned in vertical orientation in a horizontal 
row. 

5.3.4 Endurance at the rated temperature 70 °C 

See IEC 60115‑1:2020, 7.1, with the following details: 
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As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3. 

The specimens shall be positioned in such a way that heat from any one specimen affects the 
adjacent specimens to the least possible extent. 

NOTE For specimens mounted on a test rack, this will normally be achieved by positioning the rack horizontally, 
with the specimens aligned horizontally within the rack. For specimens mounted on a test board, this will normally 
be achieved by positioning the test boards vertically, with the specimens aligned in vertical orientation in a horizontal 
row. 

The test shall be performed with the rated voltage: 

 70test r nU U P R= = × ,  

which shall be limited by  

 test maxU U≤ , 

where 
Ur is the rated voltage; 

P70 is the rated dissipation; 

Rn is the nominal resistance; 

Umax  is the limiting element voltage. 

The duration of the endurance test shall be 24
test 01 000 ht += . 

The extension of the endurance test to a total duration of 48
test 08 000 ht += , is mandatory only 

for resistors categorized as level P or R. 

See 5.3.23 for the measurement of the insulation resistance of insulated resistors. 

5.3.5 Endurance at a maximum temperature: UCT 

See IEC 60115‑1:2020, 7.3, with the following details: 

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3, 
or shall be tested unmounted. 

The duration of the endurance test shall be 24
test 01 000 ht += . 

See 5.3.23 for the measurement of the insulation resistance of insulated resistors. 

5.3.6 Short-term overload  

See IEC 60115‑1:2020, 8.1, with the following details: 

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3. 
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The specimens shall be positioned in such a way that heat from any one specimen affects the 
adjacent specimens to the least possible extent. The specimens shall be in free air at the 
standard atmospheric conditions for testing as given in IEC 60115‑1:2020, 5.2.3 (e.g. ambient 
temperature 15 °C to 35 °C). 

NOTE For specimens mounted on a test rack, this is normally achieved by positioning the rack horizontally, with 
the specimens aligned horizontally within the rack. For specimens mounted on a test board, this will normally be 
achieved by positioning the test boards vertically, with the specimens aligned in a vertical orientation in a horizontal 
row. 

The preferred overload test voltage is 

 test r 70 n2,5 6,25U U P R= × = × × , 

which shall be limited by  

 test max2U U≤ × , 

where 
Ur is the rated voltage; 

P70  is the rated dissipation; 

Rn is the nominal resistance; 

Umax  is the limiting element voltage. 

The overload duration is a function of the resistor style.  

The detail specification shall state the values for the overload duration tload, preferably from the 
following preferred values: 0,5 s; 1 s; 2 s; 5 s and 10 s. A relative tolerance of 0 %/+5 % shall 
apply to the overload duration. 

5.3.7 Single-pulse high-voltage overload test 

See IEC 60115‑1:2020, 8.2. 

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3, 
or shall be tested unmounted. If the specimens are to be tested unmounted, they shall be placed 
in a suitable fixture for the execution of the test. 

The test shall be performed with pulses defined by: 

Pulse shape: 10/700 

Pulse peak voltage: 70
ˆ
test nU x P R= × × , with x ≥ 10,  

which shall be limited by  ˆ
test maxU y U≤ × , with y ≥ 2. 

The detail specification shall specify the values for x and y. 

NOTE The given minimum values for multipliers, x = 10 and y = 2, establish the lowest severity No.4 as defined for 
pulses of shape 10/700 in IEC 60115‑1:2020, 8.2.  

This test is mandatory only for resistors categorized as level P or R. 
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5.3.8 Periodic-pulse high-voltage overload test 

See IEC 60115‑1:2020, 8.3, with the following details: 

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3. 

The specimens shall be positioned in such a way that heat from any one specimen affects the 
adjacent specimens to the least possible extent. The specimens shall be in free air at the 
standard atmospheric conditions for testing as given in IEC 60115‑1:2020, 5.2.3 (e.g. ambient 
temperature 15 °C to 35 °C). 

NOTE For specimens mounted on a test rack, this will normally be achieved by positioning the rack horizontally, 
with the specimens aligned horizontally within the rack. For specimens mounted on a test board, this will normally 
be achieved by positioning the test boards vertically, with the specimens aligned in a vertical orientation in a 
horizontal row. 

The preferred square pulse overload test voltage is, specified as severity 3: 

 70
ˆ
test n25U P R= × ×  ,  

which shall be limited by 

 
ˆ
test max3U U≤ ×  

where 
P70 is the rated dissipation; 

Rn  is the nominal resistance; 

Umax is the limiting element voltage. 

Duration of the test:  5
test 0100 ht += ; 

Pulse duration: tpulse = 100 µs; 

Pulse frequency: fpulse = 400 Hz. 

The detail specification may specify a higher overload factor than the 25 given in severity 3. In 
such a case, the test duration of 100 h and the pulse duration of 100 µs shall be maintained 
and the pulse frequency be adjusted in order to establish a mean dissipation of the pulse 
sequence of 100 % of the rated dissipation P70. See the preferred alternative overload 
conditions given in Table 3.  
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Table 3 – Preferred aggravated overload conditions 

Severity 
Peak load 

P̂  

Pulse voltage 

testÛ  
Pulse duration 

pulset  
Pulse frequency 

pulsef  

 W V µs Hz 

3a 40 × Pr r n40 P R× ×   100 250 

3b 63 × Pr r n63 P R× ×  100 160 

3c 100 × Pr r n100 P R× ×  100 100 

3d 160 × Pr r n160 P R× ×  100 63 

3e 250 × Pr r n250 P R× ×  100 40 

3f 400 × Pr r n400 P R× ×  100 25 

3g 630 × Pr r n630 P R× ×  100 16 

3h 1 000 × Pr P R× ×r n1 000  100 10 

 

This test is mandatory only for resistors categorized as level P or R. 

5.3.9 Electrostatic discharge (ESD) test 

See IEC 60115‑1:2020, 8.5, with the following details:  

As stated in the detail specification, for execution of this test, the specimens shall be mounted 
on a test board in accordance with 5.2.2, or mounted on a test rack in accordance with 5.2.3, 
or shall be tested unmounted. If the specimens are to be tested unmounted, they shall be placed 
in a suitable fixture for the execution of the test. 

The ESD test voltage is a function of the resistor style. The detail specification shall state the 
values for the test voltage UHBM, preferably from the preferred values given in 
IEC 60115‑1:2020, 8.5.4. A relative tolerance of ±2 % shall apply to the test voltage. 

An equal number of discharges with positive polarity, npos , and with negative polarity, nneg, 
shall be applied to the specimens, where 

npos = nneg = 1  for resistors categorized as level G; or 

npos = nneg = 3  for resistors categorized as level P or R. 

The minimum time between any two discharges shall be 1 s. 

5.3.10 Visual examination 

See IEC 60115‑1:2020, 9.1 

The visual examination shall be applied to the resistor body and to its terminations. 

The visual examination of the marking of marked resistors shall be applied to the required 
marking items, in accordance with 7.1.  
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5.3.11 Gauging of dimensions  

See IEC 60115‑1:2020, 9.2, with the following details: 

The length and diameter (or height and width) of the resistor body and of the leads shall be 
gauged. 

The length of the resistor body shall be assessed as stated in IEC 60294:2012, 3.1. 

The diameter of the resistor body shall be gauged in accordance with IEC 60294:2012, 
Clause 5. A similar approach shall be used for a non-cylindrical resistor body. 

If stated in the detail specification, the effective eccentricity e' as shown in Figure 6c shall be 
gauged as stated therein. 

If stated in the detail specification, either the length of excessive protective coating, dimension 
c as shown in Figure 5a, shall be gauged as specified in IEC 60294:2012, Clause 4, or the 
length between clean leads, dimension Lc, as shown in Figure 5b shall be measured or gauged 
as stated in the detail specification.  

5.3.12 Detail dimensions  

See IEC 60115‑1:2020, 9.3, with the following details: 

All dimensions specified by the detail specification shall be measured. 

For measurement of the length of the resistor body, a gauge plate in accordance with 
IEC 60294:2012, 3.1 shall be used. 

If stated in the detail specification, the real eccentricity e as shown in Figure 6b shall be gauged 
as specified therein. 

If stated in the detail specification, either the length of excessive protective coating, dimension 
c as shown in Figure 4a, or the length between clean leads, dimension Lc, as shown in Figure 4b 
shall be measured as stated in the detail specification.  

5.3.13 Robustness of terminations 

See IEC 60115‑1:2020, 9.5, with the following details: 

The tests shall be carried out at the standard atmospheric conditions for testing as given in 
IEC 60115‑1:2020, 5.2.3 (e.g. ambient temperature 15 °C to 35 °C). The specimen shall be kept 
in standard atmospheric conditions for at least 1 h prior to the tests. 

The following tests shall be applied to the group of specimens subjected to this test: 

– The whole group of specimens shall be subjected to test Ua1 – Tensile, as described in 
IEC 60115‑1:2020, 9.5.4.2. 

– Then half of the group of specimens shall be subjected to test Ub – Bending, as described 
in IEC 60115‑1:2020, 9.5.4.3, where each two successive bends shall be applied in alternate 
directions. 

– The other half of the group of specimens shall be subjected to test Uc – Torsion, as 
described in IEC 60115‑1:2020, 9.5.4.4, where method 1, severity 2 shall be applied. 
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