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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
AC MOTOR CAPACITORS –  

 
Part 2: Motor start capacitors 

 
 

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. 

 

This Consolidated version of IEC 60252-2 bears the edition number 2.1. It consists of 
the second edition (2010) [documents 33/476/FDIS and 33/480/RVD] and its amendment 
1 (2013) [documents 33/533/FDIS and 33/539/RVD]. The technical content is identical to 
the base edition and its amendment. 

In this Redline version, a vertical line in the margin shows where the technical content 
is modified by amendment 1. Additions and deletions are displayed in red, with 
deletions being struck through. A separate Final version with all changes accepted is 
available in this publication. 

This publication has been prepared for user convenience.  
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International Standard IEC 60252-2 has been prepared by IEC technical committee 33: Power 
capacitors and their applications. 

The main changes with respect to the previous edition are listed below: 

– definition of segmented film capacitors; 
– clearer definition of the purpose of d.c. conditioning in destruction test. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of IEC 60252 series, published under the general title AC motor capacitors, 
can be found on the IEC website. 

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this publication using a colour printer. 

 

Full document details: IEC 60252-2-2013

http://avadocuments2026.com/doc/iec-60252-2-2013
http://avadocuments2026.com/doc/iec-60252-2-2013


 – 6 – 60252-2  IEC:2010+A1:2013 

AC MOTOR CAPACITORS –  
 

Part 2: Motor start capacitors 
 
 
 

1 Scope 

This part of IEC 60252 applies to motor start capacitors intended for connection to windings of 
asynchronous motors supplied from a single-phase system having the frequency of the mains. 

This standard covers impregnated or unimpregnated metallized motor start capacitors having 
a dielectric of paper or plastic film, or a combination of both and electrolytic motor start 
capacitors with non-solid electrolyte, with rated voltages up to and including 660 V. 

2 Normative references 

The following referenced documents are indispensable for the application 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, Marking codes for resistors and capacitors 

IEC 60068-2 (all parts), Environmental testing – Part 2: Tests 

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

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

IEC 60068-2-20, Environmental testing – Part 2-20: Tests – Test T: Soldering 

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

IEC 60068-2-78:2001, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, 
steady state 

IEC 60112, Method for determining the comparative and the proof tracking indices of solid 
insulating materials under moist conditions 

IEC 60309-1:1999, Plugs, socket-outlets and couplers for industrial purposes – Part 1: 
General requirements 

IEC 60529:2001, Degrees of protection provided by enclosures (IP Code) 

IEC 60695-2-10:2000, Fire hazard testing – Part 2-10: Glowing/hot-wire based test methods  
– Glow-wire apparatus and common test procedure 

IEC 60695-2-11:2000, Fire hazard testing – Part 2-11: Glowing/hot-wire based test methods 
– Glow-wire flammability test method for end-products 

ISO 4046:2002, Paper, board, pulps and related terms – Vocabulary 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
motor running capacitor 
power capacitor which, when used in conjunction with an auxiliary winding of a motor, assists 
the motor to start and improves the torque under running conditions 

NOTE The running capacitor is usually connected permanently to the motor winding and remains in circuit 
throughout the running period of the motor. During the starting period, if it is in parallel with the starting capacitor, 
it helps to start the motor. 

3.2 
motor starting capacitor 
power capacitor which provides a leading current to an auxiliary winding of a motor and which 
is switched out of circuit once the motor is running 

3.3 
metal foil capacitor 
capacitor, whose electrodes consist of metal foils or strips separated by a dielectric 

3.4 
metallized capacitor 
capacitor, in which the electrodes consist of a metallic deposit on the dielectric 

3.5 
self-healing capacitor 
capacitor, whose electrical properties, after local breakdown of the dielectric, are rapidly and 
essentially self-restored 

3.6 
segmented film capacitor 
metallised capacitor with a repeating pattern on the metallic deposit on at least one layer, 
designed to isolate sections of the capacitor in the event of localised faults occurring in the 
dielectric 

3.7 
discharge device of a capacitor 
device which may be incorporated in a capacitor, capable of reducing the voltage between the 
terminals effectively to zero, within a given time, after the capacitor has been disconnected 
from a network 

3.8 
continuous operation 
operation with no time limit within the normal life of the capacitor 

3.9 
intermittent operation 
operation in which periods with the capacitor energized are followed by intervals during which 
the capacitor is unenergized 

3.10 
starting operation 
special type of intermittent operation in which the capacitor is energized for only a very short 
period while the motor is accelerating to rated speed 
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3.11 
rated duty cycle 
rated value indicating the rate of intermittent or starting duty for which a capacitor is suitable 

NOTE It is specified by the duty cycle duration, in minutes, and the percentage of the time during which the 
capacitor is energized. 

3.12 
duty cycle duration 
total time of one energized and one unenergized interval during the intermittent operation 

3.13 
relative operation time 
percentage of the cycle duration in which the capacitor is energized 

3.14 
capacitor for continuous and starting operation 
capacitor designed to operate at one voltage when in continuous operation and at a different 
(usually higher) voltage when in starting operation 

3.15 
minimum permissible capacitor operating temperature 
minimum permissible temperature on the outside of the case at the moment of switching on 
the capacitor 

3.16 
maximum permissible capacitor operating temperature 
tc 
maximum permissible temperature of the hottest area of the outside of the capacitor case 
during operation 

3.17 
rated voltage of a capacitor 
UN 
r.m.s. value of the alternating voltage for which the capacitor has been designed 

3.18 
maximum voltage 
maximum r.m.s. voltage permissible at the starting capacitor terminals between the point of 
starting and the instant at which the capacitor is disconnected 

3.19 
rated frequency of a capacitor 
fN 
highest frequency for which the capacitor has been designed 

3.20 
rated capacitance of a capacitor 
CN 
capacitance value for which the capacitor has been designed 

3.21 
rated current of a capacitor 
IN 
r.m.s. value of the alternating current at the rated voltage and frequency 
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3.22 
rated output of a capacitor 
QN 
reactive power derived from the rated values of capacitance, frequency and voltage 
(or current) 

3.23 
capacitor losses 
active power dissipated by a capacitor 

NOTE Unless otherwise stated, the capacitor losses will be understood to include losses in fuses and discharge 
resistors forming an integral part of the capacitor. 

3.24 
tangent of loss angle (tan delta) of a capacitor 
ratio between the equivalent series resistance and the capacitive reactance of a capacitor 
at specified sinusoidal alternating voltage and frequency 

3.25 
power factor 
ratio between the active power and the apparent power of a capacitor 

3.26 
capacitive leakage current (only for capacitors with a metal case) 
current flowing through a conductor connecting the metallic case to earth, when the capacitor 
is energized from an a.c. supply system with an earthed neutral 

3.27 
type of capacitor 
capacitors are considered to be of the same type when of similar constructional form, the 
same constructional technology, same rated voltage, same climatic category and same kind of 
operation 

NOTE 1 Capacitors of the same type can differ only in rated capacitance and size; minor differences between 
terminations and mounting devices are permitted. 

NOTE 2 The same construction includes, for example, the same dielectric material, dielectric thickness and type 
of case (metal or plastic). 

3.28 
model of capacitor 
capacitors are considered to be of the same model when they are of the same construction 
and have the same functional and dimensional characteristics within the tolerance limits and 
are consequently interchangeable 

3.29 
class of safety protection 
degree of safety protection identified by one of three four codes to be marked on the capacitor 

(P2) indicates that the capacitor type has been designed to fail in the open-circuit mode 
only and is protected against fire or shock hazard. Compliance is verified by the test 
described in 5.1.16 

(P1) indicates that the capacitor type may fail in the open-circuit or short-circuit mode and 
is protected against fire or shock hazard. Compliance is verified by the test described 
in 5.1.16 

(P0) indicates that the capacitor type has no specific failure protection 

This subclause does not apply to electrolytic capacitors. 
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Note 1 to entry: This definition does not apply to electrolytic capacitors. 

3.29.1 
(SO) class of safety protection 
degree of safety protection indicating that the capacitor type has no specific failure protection 

Note 1 to entry: Formerly referred to as P0. 

3.29.2 
(S1) class of safety protection 
degree of safety protection indicating that the capacitor type may fail in the open-circuit or 
short-circuit mode and is protected against fire or shock hazard 

Note 1 to entry: Compliance is verified by the test described in 5.1.16.3 and 5.1.16.5. 

Note 2 to entry: Formerly referred to as P1. 

3.29.3 
(S2) class of safety protection 
degree of safety protection indicating that the capacitor type has been designed to fail in the 
open-circuit mode only and is protected against fire or shock hazard. 

Note 1 to entry: Compliance is verified by the test described in 5.1.16.3 and 5.1.16.5. 

Note 2 to entry: Formerly referred to as P2. 

3.29.4 
(S3) class of safety protection 
degree of safety protection indicating that the capacitor is of segmented film construction as 
defined in 3.6  

Note 1 to entry: This capacitor type is required to fail with low residual capacitance (1 % CN) and has protection 
against fire and shock hazard. Compliance is verified by the test described in 5.1.16.4 and 5.1.16.6. 

4 Service conditions 

4.1 Normal service conditions 

This standard gives requirements for capacitors intended for use under the following 
conditions: 

a) altitude: not exceeding 2 000 m; 
b) residual voltage at energization: shall not exceed 10 % rated voltage (see notes to 5.3.4 

and 6.3.4); 
c) pollution: capacitors included in the scope of this standard are designed for operation in 

lightly polluted atmospheres; 

 NOTE The IEC has not yet established a definition for “lightly polluted”. When this definition is established 
by the IEC, it will be incorporated in this standard. 

d) operating temperature: between –40 °C and +100 °C (see 3.15 and 3.16). 
 The preferred minimum and maximum permissible capacitor operating temperatures are 

as follows: 
– minimum temperatures: –40 °C, –25 °C, –10 °C and 0 °C; 
– maximum temperatures: 55 °C, 70 °C, 85 °C and 100 °C. 

 Capacitors shall be suitable for transport and storage at temperatures down to –25 °C, or 
the minimum operating temperature, whichever is the lower, without adverse effect on 
their quality; 

e) damp heat severity: between 4 days and 56 days. The preferred severity is 21 days. 
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(The damp heat severity shall be selected from the values indicated by IEC 60068-2-78, 
i.e.: 4 days, 10 days, 21 days and 56 days.) 

 Capacitors are classified in climatic categories defined by the minimum and maximum 
permissible capacitor operating temperatures and damp heat severity: i.e. 10/70/21 
indicates that the minimum and the maximum permissible capacitor operating temper-
atures are –10 °C and 70 °C and the damp heat severity is 21 days. 

4.2 Preferred tolerances on capacitance 

Preferred tolerances are as follows: ±5 %, ±10 % and ±15 %. 

Asymmetric tolerances are permitted but no tolerance shall exceed 15 %. 

5 Self-healing motor start capacitors 

5.1 Quality requirements and tests 

5.1.1 Test requirements 

5.1.1.1 General 

This clause gives the test requirements for self-healing motor start capacitors. 

5.1.1.2 Test conditions 

Unless otherwise specified for a particular test or measurement, the temperature of the 
capacitor dielectric shall be in the range +15 °C to +35 °C and shall be recorded. 

If corrections are necessary, the reference temperature shall be +20 °C. 

NOTE It may be assumed that the dielectric temperature is the same as the ambient temperature, provided that 
the capacitor has been left in an unenergized state at this ambient temperature for an adequate period, depending 
on the size of the capacitor. 

5.1.2 Nature of tests 

The tests specified are of two sorts: 

a) type tests; 
b) routine tests. 

5.1.2.1 Type tests 

Type tests are intended to prove the soundness of the design of the capacitor and its 
suitability for operation under the conditions detailed in this standard. 

Type tests are carried out by the manufacturer and/or the test authority if there is need for 
an approval. 

These tests may be carried out under the supervision of a proper authority which will issue 
a certified record and/or type approval. 

5.1.2.2 Routine tests 

Routine tests shall be carried out by the manufacturer on every capacitor before delivery. 
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5.1.3 Type tests 

5.1.3.1 Test procedure 

The samples of each model selected for the type tests shall be divided into groups, as 
indicated in Table 1. 

Capacitors forming the sample shall have successfully passed the routine tests indicated in 
5.1.4. 

Each test group shall contain equal numbers of capacitors of the highest capacitance and the 
lowest capacitance in the range. 

The manufacturer shall provide data on the ratio of capacitance per outer total surface area 
of the case of each capacitance value in the range. 

The capacitor with the maximum capacitance per unit surface area shall also be tested if this 
ratio exceeds that of the maximum capacitance value in the range by 10 % or more. 

Similarly, the capacitor with the minimum capacitance per unit area shall also be tested if 
the ratio is less than that of the minimum capacitance value in the range by 10 % or more. 

“Area” denotes total outer surface area of the capacitor case with the exception of small 
protrusions, terminals and fixing studs. 

5.1.3.2 Extent of qualification 

5.1.3.2.1 A type test on a single model qualifies only the model tested. When the type test is 
performed on two models of the same type but of different rated capacitance value, selected 
under the rules of 5.1.3.1, the qualification is valid for all models of the same type having 
rated capacitance between the two tested values. 

5.1.3.2.2 The qualification tests carried out successfully on a capacitor model having a 
certain capacitance tolerance are valid also for capacitors of the same model but having 
a different capacitance tolerance of up to twice the limits of the declared tolerance. For 
example, ±5 % would cover up to ±10 %, and ±10 % would cover up to ±20 %. A smaller 
tolerance than the declared tolerance is not permitted. For example, a type approval for 
±10 % would not cover ±5 %. 

5.1.3.2.3 Occasionally, in current practice, capacitors are required with a capacitance 
tolerance that is not symmetrical with respect to the rated capacitance value. 

When a type test is carried out successfully on a capacitor model having a symmetrical 
capacitance tolerance, the relevant qualification is valid also for capacitors of the same model 
having a non-symmetrical capacitance provided that the total range of non-symmetrical 
tolerance is 

a) within the total range of capacitance allowed in 5.1.3.2.2, 
 and 
b) greater than, or equal to, that of the tested capacitor model. For example, qualification for 

±5 would allow values such as 10
5

+
−  %, 5

10
+
−  %, 8

2
+
−  %, 10

0  
+  % but not 15

5
+
−  %. 
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Table 1 – Type test schedule 

Group Tests Subclause 

Number 
of samples 

to be  
inspected 

a 

Number 
of failures 
allowed in 
first test 

b 

Number 
of failures 

allowed 
in retest 

 Visual examination 5.1.6 

8 [4] 1 c 
 0 

 Check markings 5.4 
 Check of dimensions 5.1.10 

1 Mechanical tests 
(excluding soldering) 

5.1.11 

 Sealing tests 
(if applicable) 

5.1.12 

2 Endurance test 5.1.13 42 [21] 2 d 
 0 

 Soldering (if applicable) 5.1.11.2 

12 [6] 1 c 
 0 

 Damp heat test 5.1.14 
3 Voltage test between terminals 5.1.7 
 Voltage test between terminals 

and case 
5.1.8 

4 Self-healing test 
(if applicable) 

5.1.15 20 [10] 1 c 
 0 

5 Destruction test 
(if marked on the capacitor) 

5.1.16 20 [10] 
10 [5] 

1 e 
 0 

6 Resistance to heat, fire and 
tracking (not applicable to 
capacitors with lead terminations) 

5.1.17 3 
(terminal 

housing only) f 
 

0 0 

a The number of samples specified allows for retest if required. The number in square brackets indicates the actual 
number required for the test. All numbers indicate the sample quantity for each capacitance value tested. If a 
range is tested, then the quantity indicated in the table will apply to both the highest capacitance, lowest 
capacitance and any other intermediate value required to be tested in the range according to 5.1.3.1. 

b A capacitor which fails on more than one test is counted as one defective capacitor. 
c For groups 1, 3 and 4 a retest is allowed with 1 failure. No failures are allowed in these retests. 
d For group 2, no retest is required with 1 failure. With two failures a retest is required, with no more failures 

allowed. 
e For group 5, see 5.1.16 which allows a retest under special conditions in the event of one failure. 
f Three samples of terminal housing (parts of insulating material retaining terminals in position) are needed for the 

tests described in 5.1.17. 
 One sample is required for the ball-pressure test (5.1.17.1), one for the glow-wire test (5.1.17.2) and one for the 

tracking test (5.1.17.3). 

 
When the number of defects for each group and the total number of defective capacitors do 
not exceed the figures indicated in Table 1, the capacitor model shall be deemed to comply 
with this standard. 

When a capacitor is designed to operate under two or more different conditions (rated 
voltages, classes, rated duty cycles, etc.), the following tests shall be performed, once only, 
at the highest test voltage: 

i) voltage test between terminals (see 5.1.7); 
ii) voltage test between terminals and case (see 5.1.8); 
iii) self-healing test (see 5.1.15). 

The endurance test shall be performed for every voltage rating and under every operating 
condition marked on the capacitor. The number of samples to be inspected shall be calculated 
accordingly. 
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5.1.4 Routine tests 

5.1.4.1 Test procedure 

Capacitors shall be subjected to the following tests in the stated order: 

a) sealing test, if applicable (see 5.1.12); 
b) voltage test between terminals (see 5.1.7); 
c) voltage test between terminals and case (see 5.1.8); 
d) visual examination (see 5.1.6); 
e) capacitance measurement (see 5.1.9); 
f) tangent of loss angle (see 5.1.5).   

5.1.5 Tangent of the loss-angle measurement 

The tangent of the loss-angle limit and the measuring frequency shall be defined by the 
manufacturer. 

5.1.6 Visual examination 

The condition, workmanship, marking and finish shall be satisfactory. The marking shall be 
legible during the life of the capacitor. 

There shall be no seepage of any filling material or other visible damage. 

5.1.7 Voltage test between the terminals 

In type tests, capacitors shall be subjected to an a.c. voltage test as specified in Table 2. The 
test shall be carried out with a substantially sinusoidal voltage at the rated frequency. 
The test may be carried out at 50 Hz or 60 Hz. 

A higher frequency may be used at the manufacturer’s discretion. 

Table 2 – Test voltages 

Type of capacitor 
Ratio of test 

voltage to rated 
a.c. voltage 

Type test time 

s 

Routine test time 

s 

Self-healing capacitor 1,2 10 2 

 

5.1.8 Voltage test between terminals and case 

Capacitors shall be capable of withstanding without breakdown, for 60 s, a test between 
terminals (joined together) and the case, with a substantially sinusoidal voltage of a frequency 
as near as possible to the rated frequency and of the following r.m.s. value: 

twice the rated voltage + 1  000 V but not less than 2 000 V. 

If the capacitor case is of insulating material, in type tests the test voltage shall be applied 
between the terminals and the metal mountings, if any, or between the terminals and a metal 
foil wrapped tightly round the surface of the case. In routine tests the test voltage shall be 
applied between the terminals and a metal part, if any. 

No routine test is required if the case is made entirely of insulating material. 

During the test, no dielectric breakdown or flashover shall occur. 
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5.1.9 Capacitance measurement 

The capacitance shall be measured using a method which excludes errors due to harmonics. 

The precision of measurement shall be better than 5 % of the total tolerance band. For type 
tests the absolute precision shall be 0,2 % maximum. 

Type and routine testing shall be carried out at between 0,9 and 1,1 times the rated voltage 
and at the rated frequency. 

Other measuring voltages and frequencies are permitted if it can be demonstrated that the 
capacitance measured does not deviate from the true value by more than 0,2 %. 

5.1.10 Check of dimensions 

Dimensions of the case, of the terminals and of the fixing arrangements shall comply with 
those indicated in the drawing, taking tolerances into account. 

In addition, minimum creepage distances and clearances indicated in Table 4 shall be 
checked. 

5.1.11 Mechanical tests 

These tests shall be carried out in conformity with the relevant test in IEC 60068-2. 

These tests are as follows: 

– robustness of terminations:  Test U, IEC 60068-2-21; 
– soldering:  Test T, IEC 60068-2-20; 
– vibration (sinusoidal):  Test Fc, IEC 60068-2-6. 

5.1.11.1 Robustness of terminations 

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

5.1.11.1.1 Test Ua – Tensile 

The load to be applied shall be 20 N for all types of terminations. 

For external wire terminations, the cross-sectional area shall be at least 0,5 mm2. 

5.1.11.1.2 Test Ub – Bending (half of the terminations) 

This test shall be carried out only on wire terminations. Two consecutive bends shall be 
applied. 

5.1.11.1.3 Test Uc – Torsion (other half of the terminations) 

This test shall be carried out only on wire terminations. Two successive rotations of 180° shall 
be applied. 

5.1.11.1.4 Test Ud – Torque (screw terminals) 

This test shall be carried out on threaded terminations. 
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The nuts or screws shall be tightened to the torque specified in Table 3 and loosened again. 
The torque shall be applied gradually. The screw material shall have adequate resistance 
against stress cracking. 

Table 3 – Torque 

Thread diameter Torque 
N · m mm inches 

2,6 – 0,4 
3,0 1/8 0,5 
3,5 9/64 0,8 
4,0 5/32 1,2 
5,0 3/16 1,8 
5,5 7/32 2,2 
6,0 1/4 2,5 
8 5/16 5 

10 3/8 7 
12 1/2 12 

 

5.1.11.1.5 Visual examination 

After each of these tests the capacitors shall be visually examined. There shall be no visible 
damage. 

5.1.11.2 Soldering 

This test shall be carried out only when terminals are designed for connection by soldering. 

The capacitor shall then be subjected to Test T of IEC 60068-2-20 either using the solder bath 
method or the solder globule method. 

When neither the solder bath method nor the solder globule method is applicable, the 
soldering iron test shall be used, with soldering iron size A. 

Before and after the test the capacitance of the capacitor shall be measured by the method 
laid down in 5.1.9. No perceivable capacitance change is permitted. 

When the test procedures have been carried out, the capacitors shall be visually examined. 
There shall be no visible damage. 

5.1.11.3 Vibration 

The capacitors shall be subjected to Test Fc of IEC 60068-2-6 using a mounting system 
similar to that which is to be used in practice. The severity of the test shall be as follows: 

– f = 10 Hz to 55 Hz; 

– a = ±0,35 mm; 
– test duration per axis = 10 frequency cycles (3 axes offset from each other by 90°), 

1 octave per minute. 

Before and after the test, the capacitance of the capacitors shall be measured by the method 
laid down in 5.1.9. No perceivable capacitance change is permitted, within the limits of the 
measurement’s precision. 

After the test, the capacitor shall be subjected to the voltage test between terminals and case 
according to 5.1.8. No dielectric breakdown or flashover shall occur. 
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When all the test procedures have been carried out, the capacitors shall be visually 
examined. There shall be no visible damage. 

No seepage of any filling material or other visible damage is permitted. No dielectric break-
down or interruption of the circuit of the capacitor shall occur. 

5.1.11.4 Fixing bolt or stud (if fitted) 

Fixing threaded bolts and attachments to the capacitor body shall have adequate resistance 
to ageing deterioration in service. 

The durability of the fixing bolt or stud shall be checked on four of the samples tested 
in 5.1.13 (endurance test) by the following method. 

Four of the capacitors shall be mounted on a fixing plate in the endurance test chamber. The 
thickness of the fixing plate shall be 1,5 mm ± 0,1 mm and the diameter of the hole shall be 
the base bolt diameter of +0,5 mm to +1,0 mm. 

Prior to commencement of the endurance test, torque values specified in Table 3 are to be 
applied. On completion of the endurance test, a torque figure of 50 % of the value specified 
in Table 3 shall be applied. 

No failures are permitted. 

5.1.12 Sealing test 

This test is not required if the manufacturer certifies that capacitors do not contain substances 
that are liquid at tc + 10 °C. 

The capacitor shall be mounted in a position most likely to reveal leakage at a temperature 
10 °C ± 2 °C higher than the maximum permissible capacitor operating temperature for a time 
sufficient for all parts of the capacitor to reach this temperature. 

The capacitor shall be maintained at this temperature for a further hour before cooling. 

No leakage shall occur. 

If the capacitor is intended to be supplied with a terminal cover, the sealing test should 
preferably be carried out before fastening the cover. The cover shall be fastened in such a 
manner that the sealing is not impaired. 

After the sealing test, capacitors shall be inspected for liquid leakage and distorted case. 

Liquids are allowed to wet the surface but not to form droplets. 

For routine tests, other equivalent methods are permitted after agreement between the 
manufacturer and the user. 

5.1.13 Endurance test 

This test is intended to prove the suitability of the capacitor design for the class of operation 
specified by the manufacturer. 

For capacitors fitted with base bolts, refer also to 5.1.11. 

The method indicated below is intended to ensure that the capacitor case temperature is as 
close as possible to the maximum permissible capacitor operating temperature. 
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5.1.13.1 Testing in air with forced circulation 

The capacitors shall be mounted in a test chamber in which the temperature of the air is 
constant within a tolerance of ±2 °C. 

The air in the test chamber shall be continuously agitated but not so vigorously as to cause 
undue cooling of the capacitors. The capacitors under test shall not be subjected to direct 
radiation from any heating elements in the chamber. 

The sensitive element of the thermostat regulating the air temperature of the chamber shall be 
well within the stream of heated circulating air. 

NOTE Heating of the air may take place in a separate chamber, from which the air can be admitted to the 
capacitor test chamber through a valve allowing good distribution of heated air over the capacitors. 

The capacitors are mounted in a position most favourable to the leakage of impregnant or 
filling material. 

The distance between cylindrical capacitors shall not be less than their diameter, and the 
distance between rectangular capacitors shall not be less than twice the shorter side of 
their base. 

The temperature sensitive element of a temperature recording instrument shall be attached 
half-way up the side of the case of the capacitor with the lowest value of tangent of loss 
angle. 

The thermostat shall be set to (tc – 15 °C), and capacitors are then energized according to the 
appropriate voltage and test cycle (see also Annex A). During the first 24 h, the difference 
between tc and the indication of the temperature recording instrument shall be noted, and 
adjustments made to ensure the temperature of each capacitor case is at tc ± 2 °C. The test is 
then continued to the end of the appropriate time without further adjustment of the thermostat, 
the time being measured from the first energization of the capacitors. 

NOTE It is recommended that each test capacitor is individually protected by a circuit-breaker or fuse. 

The capacitors shall be energized at the stated voltage and duty cycle. 

5.1.13.2 Test conditions 

It is recommended that each test capacitor be individually protected by a fuse or a circuit- 
breaker. 

Each capacitor shall be connected to the power supply source through a series resistor of resistance 
value approximately equal to 10 % of the rated impedance of the capacitor under test. 
A discharge resistor (if not already incorporated in the capacitor) shall be connected in 
parallel with each capacitor. This resistor shall be such a value that it will discharge the 
capacitor to less than 5 % of the nominal a.c. working voltage before each energised (ON) 
period. 

The test shall be performed at the following conditions: 

Test voltage: 1,1 UN 
Test frequency: 50 Hz or 60 Hz 
Duty cycle: according to the duty cycle marked on the capacitor 
Test duration: 500 h 

During the test no permanent breakdown, interruption or flashover shall occur. 
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After recovery, the capacitors shall be visually inspected and measured. 

There shall be no seepage of any filling material or other visible damage. Marking shall be 
legible. 

The maximum permitted capacitance change from the initial measurements shall be ±10 %. 

For tests carried out at 50 Hz, 60 Hz rating will be qualified if the specified relative operation 
time is reduced by 20 %. 

Capacitors are also qualified for a shorter ON period for the same tested duty-cycle duration. 
For example, an approval obtained with a duty-cycle duration of 60 s and ON period of 1 s 
(1,7 % relative operation time) will also qualify a duty-cycle duration of 60 s with an ON time 
of 0,33 s (0,55 % relative operation time). 

Capacitors are also qualified for a longer duty-cycle duration but retaining the same relative 
operation time up to a maximum permitted ON period of 10 s. For example, an approval 
obtained with a duty-cycle duration of 60 s and ON time of 1 s (1,7 % relative operation time) 
will also qualify capacitors with a duty-cycle duration of 3 min and ON time of 3 s (same 
relative operation time of 1,7 %). 

5.1.14 Damp heat test 

Capacitance shall be measured before the test (see 5.1.9). 

This test shall be carried out in accordance with IEC 60068-2-78. The severity indicated in the 
marking shall be employed. No voltage shall be applied to the samples and no measurement 
shall be taken during the test. 

After the damp-heat period, the capacitors shall be stored under standard atmospheric 
conditions for recovery for not less than 1 h and not more than 2 h. Immediately after 
recovery, the capacitance shall be measured in accordance with 5.1.9. 

Capacitance change shall be less than 0,5 % after the test. 

5.1.15 Self-healing test 

Self-healing capacitors shall have adequate self-healing properties. Compliance is checked 
by the following test. 

This test shall be applied only to capacitors marked  or SH. 

The capacitors shall be subjected to the test described in 5.1.7 for the test time indicated in 
the appropriate table. 

If fewer than 5 self-healing breakdowns (clearings) occur during this time, the voltage shall be 
increased at a rate of not more than 200 V/min until 5 clearings have occurred since the 
beginning of the test or until the voltage has reached a maximum of 2,0 UN. 

The voltage shall then be decreased to 0,8 times the voltage at which the fifth clearing 
occurred or 0,8 times the maximum voltage and maintained for 10 s. One additional clearing 
in each capacitor shall be permitted during this period. 

The capacitors shall be deemed to have passed the test if they meet both of the following 
requirements: 

a) change of capacitance <0,5 %; 

b) RC value is ≥100 s. 
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Self-healing breakdowns during the test may be detected by an oscilloscope or by acoustic or 
high-frequency test methods. 

5.1.16 Destruction test 

5.1.16.1 General 

This test is optional. 

A capacitor type which becomes open-circuit following this test shall be marked (P2). A 
capacitor type which may become either open- or short-circuit following this test shall be 
marked (P1). 

NOTE The short-circuit failure mode is only permitted for capacitors marked (P1). Capacitors not subjected to this 
test are marked (P0). 

Refer to revised definition 3.29 for the appropriate test for each class of safety protection. 

Capacitors marked S0 are not required to be tested in accordance with this subclause. 

Capacitors fitted with overpressure disconnect device designated S1 and S2 shall be 
subjected to the sequential DC and AC test described in 5.1.16.3 and 5.1.16.5. 

Capacitors with segmented film as defined in 3.6 and designated S3 class of safety protection 
shall be subjected to the simultaneous DC and AC test described in 5.1.16.4 and 5.1.16.6. 

For capacitors designated S1, S2 and S3 refer to the chart shown in Figure 1: 

 

Figure 1 – Destruction test 

5.1.16.15.1.16.2 Test specimens 

The test is to be carried out on 10 samples, with a similar specimen of 10 samples held in 
reserve for possible retest. Half the test specimens (5) shall have passed the test according 

5.1.16.2 Test specimen 

5.1.16.3 + 5.1.16.5 
sequential destruction 

test 

5.1.16.4 + 5.1.16.6 
simultaneous destruction 

test 

5.1.16.7 Evaluation 

Class of safety 
protection 
S1 and S2 

Class of safety 
protection S3  

5.1.16 Destruction test 

IEC   2201/13 
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to 5.1.4.1. The remaining five capacitors shall have passed the endurance test described in 
5.1.13 (group 2). 

For capacitors with a metal case, the metal case shall be connected to one of the terminals of 
the voltage source. 

If a distinction can be made between the capacitor terminals, the group shall be subdivided 
into two subgroups. The first subgroup shall have terminal A connected to the case, the 
second subgroup shall have terminal B connected to the case. 

5.1.16.25.1.16.3 Test apparatus for sequential DC and AC test (capacitor type S1  
and S2) 

5.1.16.2.15.1.16.3.1 Test apparatus for d.c. conditioning 

Apparatus for carrying out the d.c. conditioning is shown in Figure 12. The d.c. source shall 
be capable of delivering an open-circuit voltage equivalent to 10 UUN and have a sustained 
short circuit capability greater than 50 mA. 

 

R

DC
source CV

mA

1
2

3

IEC   001/01 

 R 

DC 
source C V 

mA 
1 

2 

3 

IEC   2157/10  

Figure 12 – Test apparatus for d.c. conditioning 

The d.c. source is adjusted to provide an open-circuit voltage equivalent to 10 UUN with the 
switch in position 1. 

A variable resistor R is adjusted to provide a current of 50 mA with the switch in position 2. 

DC voltage is applied to the test capacitor with the switch in position 3. 

5.1.16.2.25.1.16.3.2 Test apparatus for a.c. destruction test 

a) The instantaneous short-circuit current of the a.c. supply shall be at least 300 A. 
b) A 25 A slow-blow fuse and adjustable inductance (LL) shall be inserted between the a.c. 

source and the capacitor (see Figure 23). 
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Figure 23 – Test apparatus for a.c. destruction test 

The inductor shall be so adjusted that, with the switch in position 1 and a voltage of 1,3 UUN 
applied across the voltmeter V1, a current equal to 1,3 times the capacitor rated current (IIN) 
flows. 

The capacitor is energized with the switch in position 2. 

NOTE The variable inductor LL in Figure 23 may be replaced by the arrangement shown in Figure 34 whereby T2 
is a fixed ratio transformer and LLf is a fixed inductor. A variable ratio transformer T1 is used to adjust the inductive 
current. 

T2

T1
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L

 
 

 

T1 

 

T2 

Lf 

L 
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Figure 34 – Arrangement to produce the variable inductor LL in Figure 23 

5.1.16.4 Test apparatus for simultaneous DC and AC test (capacitor type S3) 

Apparatus for carrying out the simultaneous DC and AC test is shown in Figure 5. The d.c. 
source (Udc) shall be capable of delivering an open-circuit voltage equivalent to 10 UN and 
shall have a sustained short-circuit capability greater than 50 mA but limited to 50 mA during 
the test. 

IEC   1245/03 

IEC   1246/03 
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Tr  Transformer (AC power supply) with sufficient capacity to supply an instantaneous short-circuit 
 current of at least 300 A 
F1  Slow-blow fuse, rated 25 A 
L1  Inductor of approximately 10 mH for grid decoupling (resonant free in all switching modes) 
C   Capacitor for DC decoupling: C ≥ 10 × Cx (e.g. C = 330 µF -->Cxmax = 33 µF)/Ucmax = 5 kV 
Cx  Capacitor under test 
D  High voltage diode for AC decoupling 
I1   AC current: 1,3 × IR at the beginning of the test when the capacitor is full operative (IR = Rated 
 current of the capacitor under test) 
V2  AC test voltage: 1,3 × UR (UR = Rated voltage of the capacitor under test) 
V3  DC test voltage: Voltage increase from 0 V to max. 10 × UR at a rate of 200 V/min (UR = Rated 
 voltage of the capacitor under test) 
R  Resistor for capacitor discharging at the end of the test 

Figure 5 – Test apparatus for simultaneous DC and AC 

5.1.16.35.1.16.5 Test procedure for sequential DC and AC test (capacitor type S1  
and S2)  

5.1.16.5.1 General 

The test shall be conducted in four stages: 

• 5.1.46.5.2  Preparation and pre-conditioning, 

• 5.1.16.5.3  d.c.DC conditioning, 

• 5.1.16.5.4  a.c.AC destruction test, 

• 5.1.16.7  Evaluation of the failure. 

NOTE The purpose of the d.c. conditioning is to produce a dielectric breakdown condition. It is not the intention 
that d.c. conditioning is used to create open-circuit capacitors. 

5.1.16.3.15.1.16.5.2 Preparation and pre-conditioning 

All the test specimens shall be prepared and pre-conditioned as follows. 

The capacitors shall be wrapped closely with cheese-cloth in tissue paper complying with 6.86 
of ISO 4046:2002 and mounted within an “air circulating” test chamber at tc + 10 °C. The 
temperature deviation shall not exceed ±2 °C. In preparation for the destruction test, the 
specimens shall have rated voltage (UN) applied for 2 h at tc + 10 °C.  

No open-circuit or short-circuit capacitors are permitted. If this occurs, the type shall be 
declared a failure. 

5.1.16.3.25.1.16.5.3 DC conditioning 

Five capacitors that have passed the endurance test (group 2) shall be pre-heated to a 
temperature of tc + 10 °C before d.c. conditioning. The remaining five capacitors, having 
passed the test in 5.1.4.1, shall be tested at room temperature. 
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The voltage of a d.c. source (see Figure 12) shall be raised from 0zero UN to a maximum of 
10 UN at a rate of approximately 200 V/min until a short circuit occurs or 10 UUN has been 
reached. 

Capacitors shall be removed from d.c. conditioning when the voltage indicated on the 
voltmeter is zero or 10 UUN has been reached and maintained for a period of 5 min or other 
period as defined by the manufacturer. 

A capacitor that becomes open-circuit after the d.c. conditioning shall be replaced by another 
sample and not counted. The d.c. conditioning test may be repeated on new samples until all 
the 10 reserve specimens referred to in 5.1.16.2 have been used up. If the required number of 
capacitors with dielectric breakdown cannot be achieved, then the test shall be regarded as 
failed.  

5.1.16.3.35.1.16.5.4 AC destruction test 

With the capacitors maintained at the d.c. conditioning temperature, they shall then have 
applied an a.c. voltage of 1,3 UUN (see Figure 3). 

If the capacitor clears (becomes operative) or becomes open-circuit, the voltage shall be 
maintained for 5 min. If the capacitor is still operative after 5 min then the d.c. conditioning 
shall be repeated. 

If the capacitor becomes short-circuit, then the test shall be maintained for 8 h. If the 
capacitor is still operative after 5 min then the d.c. conditioning shall be repeated. 

5.1.16.6 Test procedure for simultaneous DC and AC test (capacitor type S3)  

5.1.16.6.1 Preparation and pre-conditioning 

Same as 5.1.16.5.2. 

5.1.16.6.2 Simultaneous DC and AC test 

Five capacitors that have passed the endurance test (group 2) shall be pre-heated to a 
temperature of tc + 10 °C before testing. The remaining five capacitors, having passed the test 
in 5.1.4.1 shall be tested at room temperature. 

Apply a constant a.c. voltage of 1,3 UN at Uac1 (V2) and measure the initial current (I1). 

The voltage of a d.c. source Udc1 (V3) shall be raised from zero to a maximum of 10 UN at a 
rate of approximately 200 V/min until the capacitor becomes inoperative or 10 UN has been 
reached.  

The capacitor shall be considered as failed if it does not become inoperative (capacitance 
<1 % CN) within 5 minutes at 10 UN. 

The d.c. current shall be limited to 50 mA. 

NOTE Inoperative means the current is lower than 1 % of the initial current measured at the same a.c. voltage 
and frequency as the initial measurement. 

 

5.1.16.45.1.16.7 Evaluation of the failure 

After completion of the test, the cheese-cloth tissue paper shall not have burnt on any test 
specimen; however, it may be discoloured by escaping substances. 
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Each capacitor shall meet the following: 

a) escaping liquid material may wet the outer surface of the capacitor, but not fall away in 
drops; 

b) internal live parts shall not be accessible to the standard test finger (see Figure 1 of 
IEC 60529:2001); 

c) burning or scorching of the cheese-cloth tissue paper shall not be evident, since this 
would indicate that flames or fiery particles have been emitted from the openings; 

d) the capacitor shall withstand the test of 5.1.8 with the voltage being reduced to 0,8 times 
the value indicated. 

The test is concluded when 10 capacitors have become short circuit or open circuit (for 
capacitors type S1), open circuit (for capacitors type S2) or inoperative with capacitance 
measuring <1 % CN (for capacitors type S3). 

If one of the test specimens does not satisfy the criteria according to a) or d) above, the test 
may be repeated once on a further 10 samples. However, all capacitors shall pass the repeat 
test. 

If more than one capacitor does not satisfy the criteria according to a) or d), then the test 
shall be regarded as failed. All capacitors must satisfy the requirements of b) and c). 

For capacitors with a metal case, this shall be connected to one pole of the voltage source. If 
a distinction can be made between the capacitor terminals, the group shall be subdivided into 
two subgroups. The first subgroup shall have terminal A connected to the case, the second 
subgroup shall have terminal B connected to the case. 

5.1.17 Resistance to heat, fire and tracking 

These tests are not applicable to capacitors with lead terminations. 

5.1.17.1 Ball-pressure test 

External parts of insulating material retaining terminals in position shall be sufficiently 
resistant to heat. 

For materials other than ceramic, compliance is checked by subjecting the parts to the ball-
pressure test in accordance with 27.3 of IEC 60309-1 at 125 °C or at tc + 40 °C, whichever is 
the higher. 

5.1.17.2 Glow-wire test 

For materials other than ceramic, compliance is also checked by the following test. 

External parts of insulating material retaining terminals in position shall be subjected to 
the glow-wire test in accordance with IEC 60695-2-10 and IEC 60695-2-11, subject to the 
following details: 

• the test sample comprises one set of individual components forming the terminal 
assembly; 

• the temperature of the tip of the glow-wire is 550 °C for In ≤ 0,5 A and 850 °C for In > 0,5 A; 

• any flame or glowing of the specimen shall extinguish within 30 s of withdrawing the glow-
wire, and any flaming drops shall not ignite a piece of 5-layer wrapping tissue, as defined 
in ISO 4046, spread out horizontally at a distance of 200 mm ± 5 mm below the place 
where the glow-wire is applied to the specimen. 
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5.1.17.3 Tracking test 

Outer insulating parts of capacitors which retain live parts in position or are in contact with 
such terminals shall be of material resistant to tracking. 

Compliance is checked by carrying out the tracking test specified in IEC 60112 at 250 V on 
relevant parts according to solution A. 

5.2 Overloads 

5.2.1 Maximum permissible voltage 

The maximum permissible voltage measured at the terminals during the starting period up to 
the instant at which the capacitor is switched out of the circuit shall not exceed 1,2 UN. 

It is advisable that such a voltage is not attained more than once a day. 

5.2.2 Maximum permissible current 

Capacitors shall be suitable for operation at an r.m.s. current not exceeding 1,30 times the 
current which occurs at rated sinusoidal voltage and rated frequency excluding transients. 

Taking into account the capacitance tolerance, the maximum permissible current can be up to 
1,30 times the rated current increased in proportion to the actual capacitance value compared 
with the rated capacitance value. 

5.2.3 Maximum permissible reactive output 

The overload resulting from operation at voltage and current exceeding the rated values 
(though within the limits indicated in 5.2.1 and 5.2.2) shall not exceed 1,35 times the rated 
output. 

Taking into account the capacitance tolerance the maximum permissible output can be up to 
1,35 times the rated output increased in proportion to the actual capacitance value compared 
with the rated capacitance value. 

NOTE It should be noted that operation of capacitors with overload, even within the limit indicated above, may 
adversely affect the life duration of these capacitors. 

5.3 Safety requirements 

5.3.1 Creepage distances and clearances 

The creepage distances over external surfaces of terminal insulation and the clearances 
between the exterior parts of terminal connections or between such live parts and the metal 
case of the capacitor, if any, shall be not less than the minimum values given in Table 4. 

These minimum distances shall apply to the terminals with or without the external wiring 
connected. They are not intended to apply to internal creepage distances and clearances. 

The requirements for specific applications shall be satisfied. 

The contribution to the creepage distances of any groove less than 1 mm wide shall be limited 
to its width. 

Any air-gap of less than 1 mm shall be ignored in calculating the total air path. 

Creepage distances are distances in air, measured along the surface of insulating material. 
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5.3.2 Terminals and connecting cables 

Terminals and undetachable connecting cables shall have a conductor cross-section which 
can safely carry the current of the capacitor and shall have sufficient mechanical strength. 
The minimum cross-sectional area of the conductor shall be 0,5 mm2. Insulated cables shall 
conform to the voltage and temperature ratings of the capacitor. 

Manufacturers shall provide evidence that the cable supplied with the capacitor shall 
adequately carry the current over the full capacitance/temperature/voltage range specified. 

5.3.3 Earth connections 

If the metal case of the capacitor is intended to be connected to earth or to a neutral 
conductor, means shall be provided to enable an effective connection to be made. This may 
be achieved by supplying the capacitor in an unpainted metal case or by provision of an earth 
terminal, an earth conductor, or a metal bracket with sound electrical connection to the case. 

Whichever the type of connection used, it shall be clearly marked by the symbol  as the 
earth connection. 

When the metal case is provided with a threaded stud and the capacitor is securely fixed to 
the metal frame by means of this stud without interposed insulating material and the frame is 
securely connected to earth, the stud shall be considered as an effective connection to earth. 

Table 4 – Minimum creepage distances and clearances 

Rated voltage 
Up to and 

including 24 V 

Above 24 V 
up to and 

including 250 V 

Above 250 V 
up to and 

including 500 V 

Above 500 V 
up to and 

including 1 000 V 
mm mm mm mm 

Creepage distances     
1 Between live parts of different polarity 2 3 (2) 5 6 

2 Between live parts and accessible 
metal parts which are permanently 
fixed to the capacitor including screws 
or devices for fixing covers or fixing 
the capacitor to its support 

2 4 (2) 
3* 

6 
3* 7 

Clearances     
3 Between live parts of different polarity  2 3 (2) 5 6 

4 Between live parts and accessible 
metal parts which are permanently 
fixed to the capacitor including screws 
or devices for fixing covers or fixing 
the capacitor to its support 

2 4 (2) 
3* 

6 
3* 7 

5 Between live parts and a flat sup-
porting surface or a loose metal 
cover, if any, if the construction does 
not ensure that the values under 
item 4 above are maintained under 
the most unfavourable conditions 
(for information only) 

2 6 10 12 

NOTE The values in brackets apply to creepage distances and clearances protected against dirt. For permanently 
sealed-off or compound-filled cases, creepage distances and clearances are not checked. 

Item 5 has been included for guidance only to indicate requirements for the capacitor in the application. 

* For glass or other insulation with equivalent tracking qualities. 

 
5.3.4 Discharge devices 

In many cases, discharge devices are not required; namely, when the capacitor is connected 
permanently to the motor winding, or when placed in an inaccessible position. 
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When a discharge device is specified, it must reduce the voltage at the terminals from the 
peak of the rated voltage to a value of 50 V or less in the time of 1 min from the moment the 
capacitor is switched off. 

NOTE A discharge device may sometimes be specified, not for safety reasons, but to prevent electrical overstress 
on the capacitor. This may occur when a disconnected capacitor still charged is reconnected across another 
capacitor of different polarity. 

5.3.5 Pollution 

If the capacitor contains liquid substances which should not be dispersed into the 
environment, an adequate marking shall apply which should be classified according to water-
pollution risk category. 

5.4 Marking 

The following information shall be marked on the capacitor: 

a) manufacturer's name, abbreviated name or trade mark; 
b) manufacturer's type designation; 
c) rated capacitance (CN) in microfarads and tolerance as a percentage; 
d) rated voltage (UN) in volts; 
e) the duty cycle shall be marked next to the voltage. If more than one duty cycle or voltage 

are applicable, they shall be marked on the capacitor; 
f) rated frequency fN in hertz, if other than 50 Hz; 
g) climatic category, for example 25/85/21 (see 4.1); 
h) date of manufacture (a code may be used); 

i)  or SH for self-healing capacitors; 

j) discharge device, if any, shall be written out in full or indicated by the symbol  
k) class of safety protection, for example PS0, PS1, PS2, S3; 
l) approval marks; 
m) filling material. Reference to liquid used (not needed for dry capacitors); 
n) specification (standard) number. 

If the capacitor is small and has not enough space for marking, items a), b), c), d), e), g), h) 
and l) shall be marked and other items can be omitted. 

Furthermore, item c) may be marked by the standard code according to IEC 60062 but, if 
there is enough space available the rated capacitance and the capacitance tolerance shall be 
marked in clear text. 

Information omitted on the capacitor shall be indicated on the packaging or on the 
accompanying notice. 

6 Electrolytic motor start capacitors 

6.1 Quality requirements and tests 

6.1.1 Test requirements 

6.1.1.1 General 

This clause gives the test requirements for electrolytic motor start capacitors. 
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6.1.1.2 Test conditions 

Unless otherwise specified for a particular test or measurement, the temperature of the 
capacitor dielectric shall be in the range of +15 °C to +35 °C and shall be recorded. 

If corrections are necessary, the reference temperature shall be +20 °C. 

NOTE It may be assumed that the dielectric temperature is the same as the ambient temperature, provided that 
the capacitor has been left in an unenergized state at this ambient temperature for an adequate period, depending 
on the size of the capacitor. 

6.1.1.3 Recovery conditions 

Unless otherwise specified for a particular test, the recovery time for electrolytic capacitors 
shall be 16 h. 

6.1.2 Nature of tests 

The tests specified are of two sorts: 

a) type tests; 
b) routine tests. 

6.1.2.1 Type tests 

Type tests are intended to prove the soundness of the design of the capacitor and its 
suitability for operation under the conditions detailed in this standard. 

Type tests are carried out by the manufacturer and/or the test authority if there is need 
for approval. 

These tests may be carried out under the supervision of a proper authority which will issue 
a certified record and/or type approval. 

6.1.2.2 Routine tests 

Routine tests shall be carried out by the manufacturer on every capacitor before delivery. 

6.1.3 Type tests 

6.1.3.1 Test procedure 

The samples of each model selected for the type tests shall be divided into groups, as 
indicated in Table 5. 

Capacitors forming the sample shall have successfully passed the routine tests indicated in 
6.1.4.1. 

Each test group shall contain equal numbers of capacitors of the highest capacitance and the 
lowest capacitance in the range. 

The manufacturer shall provide data on the ratio of capacitance per outer total surface area of 
the case of each capacitance value in the range. 

The capacitor with the maximum capacitance per unit surface area shall also be tested if this 
ratio exceeds that of the maximum capacitance value in the range by 10 % or more. 
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Similarly, the capacitor with the minimum capacitance per unit area shall also be tested if the 
ratio is less than that of the minimum capacitance value in the range by 10 % or more. 

“Area” denotes total outer surface area of the capacitor case with the exception of small 
protrusions, terminals and fixing studs. 

6.1.3.2 Extent of qualification 

6.1.3.2.1 A type test on a single model qualifies only the model tested. When the type test is 
performed on two models of the same type, and of different rated capacitance value, selected 
under the rules of 6.1.3.1, the qualification is valid for all models of the same type having 
rated capacitance between the two tested values. 

6.1.3.2.2 The qualification tests carried out successfully on a capacitor model having a 
certain capacitance tolerance are valid also for capacitors of the same model but having 
a different capacitance tolerance of up to twice the limits of the declared tolerance. For 
example, ±5 % would cover up to ±10 %, and ±10 % would cover up to ±20 %. A smaller 
tolerance than the declared tolerance is not permitted. For example, a type approval for 
±10 % would not cover ±5 %. 

6.1.3.2.3 Occasionally, in current practice, capacitors are required with a capacitance 
tolerance that is not symmetrical with respect to the rated capacitance value. 

When a type test is carried out successfully on a capacitor model having a symmetrical 
capacitance tolerance, the relevant qualification is valid also for capacitors of the same model 
having a non-symmetrical capacitance provided that the total range of non-symmetrical 
tolerance is 

a) within the total range of capacitance allowed in 6.1.3.2.2, 
 and 
b) greater than, or equal to, that of the tested capacitor model. For example, qualification for 

±5 would allow values such as 10
5

+
−  %, 5

10
+
−  %, 8

2
+
−  %, 10

0  
+  %, but not 15

5
+
−  %. 
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Table 5 – Type test schedule 

Group Tests Clause 

Number of 
samples to be 

inspected 
a 

Number of 
failures allowed 

in first test 
b 

Number of 
failure allowed 

in retest 

1 

Visual examination 
Check of marking 
Check of dimensions 
Capacitance and power factor 
measurement 
Mechanical tests 
(excluding soldering) 
Sealing test 

6.1.5 
6.4 

6.1.9 
6.1.8 

 
6.1.10 
6.1.11 

8 [4] 1 c 0 

2 Endurance test 6.1.12 42 [21] 2 d 0 

3 

Soldering (if applicable) 
Damp heat test 
Voltage test between the 
terminals 
Voltage test between terminals 
and case 

6.1.10.2 
6.1.13 
6.1.6 

 
6.1.7 

12 [6] 1 c 0 

4 
 
Pressure relief test 6.1.14 

20 [10] 
10 [5] e 

 

1 c 
 

0 

5 

Resistance to heat, fire and 
tracking (not applicable to 
capacitors with lead 
terminations) 

6.1.15 

3 
(Terminal 

housing only) f 
 

0 0 

a The number of samples specified allows for retest if required. The number in square brackets indicates the actual 
number required for the test. All numbers indicate the sample quantity for each capacitance value tested. If a range 
is tested, then the quantity indicated in the table will apply to both the highest capacitance, lowest capacitance and 
any other intermediate value required to be tested in the range according to 6.1.3.1. 

b A capacitor which fails on more than one test is counted as one defective capacitor. 
c For groups 1, 3 and 4 a retest is allowed with 1 failure. No failures are allowed in these retests. 
d For group 2 no retest is required with 1 failure. With 2 failures a retest is required, with no more failures allowed. 
e Half of the samples shall be “new”, half shall have passed the endurance test. 
f Three samples of terminal housing (parts of insulating material retaining terminals in position) are needed for the 

tests described in 6.1.15. 

 One sample is required for the ball-pressure test (6.1.15.1), 1 for the glow-wire test (6.1.15.2) and 1 for the 
tracking test (6.1.15.3). 

 
When a number of defects for each group and the total number of defective capacitors do not 
exceed the figures indicated in Table 5, the capacitor model (or range) shall be deemed to 
comply with this standard. 

When a capacitor is designed to operate under two or more different conditions (rated 
voltages, rated duty cycles, etc.), the following tests shall be performed, once only, at the 
highest voltage: 

i) voltage test between terminals (see 6.1.6); 
ii) voltage test between terminals and case (see 6.1.7). 

The endurance test shall be carried out for every voltage rating and under every operating 
condition marked on the capacitor. The number of samples inspected shall be calculated 
accordingly. 
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6.1.4 Routine tests 

6.1.4.1 Test procedure 

Capacitors shall be subjected to the following tests: 

a) sealing test (see 6.1.11); 
b) voltage test between terminals (see 6.1.6); 
c) voltage test between terminals and case (see 6.1.7); 
d) visual examination (see 6.1.5); 
e) capacitance and power factor measurement (see 6.1.8). 

6.1.5 Visual examination 

The condition, workmanship, marking and finish shall be satisfactory. The marking shall be 
legible during the life of the capacitor. 

There shall be no seepage of any filling material or other visible damage. 

6.1.6 Voltage test between the terminals 

In type tests, capacitors shall be subjected to an a.c. voltage test as specified in Table 6. The 
test shall be carried out with a substantially sinusoidal voltage at the rated frequency. The test 
may be carried out at 50 Hz or 60 Hz. 

A higher frequency may be used at the manufacturer’s discretion. 

Table 6 – Test voltages 

Type of capacitor 
Ratio of test 

voltage to rated 
a.c. voltage 

Type test time 

s 

Routine test time 

s 

Electrolytic capacitor 1,2 10 2 

 
6.1.7 Voltage test between terminals and case 

Capacitors shall be capable of withstanding without breakdown, for 60 s, a test between 
terminals (joined together) and the case, with a substantially sinusoidal a.c. voltage of a 
frequency as near as possible to the rated frequency and of the following r.m.s. value: 

twice the rated voltage + 1  000 V, but not less than 2000 V. 

If the capacitor case is of insulating material, in type tests the test voltage shall be applied 
between the terminals and the metal mountings, if any, or between the terminals and a metal 
foil wrapped tightly round the surface of the case. In routine tests the test voltage shall be 
applied between the terminals and a metal part, if any. 

No routine test is required if the case is made entirely of insulating material. 

During the test, no dielectric breakdown or flashover shall occur. 

6.1.8 Capacitance and power factor measurement 

The capacitance shall be determined by measuring the current through the capacitor at the 
rated voltage and the rated frequency of the capacitor. 
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The applied voltage shall be sinusoidal, and attention should be given to possible inaccuracy 
of measurement due to harmonics. The rated voltage shall not be applied for more than 4 s. 

The measurement circuit shall be as shown in Figure 46. 

 

 

∼ V 

I W 

C 

IEC   2832/10 
 

V voltmeter 

I   ammeter 

W   wattmeter designed to operate accurately at cos ϕ = 0,1 

C  capacitor under test 

Figure 46 – Test circuit for measurement of capacitance and power factor 

The voltmeter shall be read within 2 s, the ammeter within 3 s and the wattmeter within 4 s 
after application of the test voltage. 

The capacitance shall be calculated as follows: 

fU
IC

π
=

2
106

 

where 
f is the frequency, in hertz; 
C is the capacitance, in microfarads; 
I is the r.m.s. value of current, in amperes; 
U is the r.m.s. value of the test voltage, in volts. 

NOTE Strictly speaking, this method of measurement determines the impedance and not the capacitance but can 
be used to determine the capacitance where the power factor does not exceed 0,2. However, values of the power 
factor exceeding this limit may be encountered at low temperature. 

The measured capacitance value shall be within the tolerance marked on the capacitor. 

The power factor shall be measured in accordance with Figure 46 and calculated from the 
readings taken at the same time for the measurement of capacitance, as follows: 

cos ϕ = P/U I 

where 
P is the value of active power, in watts; 
I is the r.m.s. value of current, in amperes; 
U is the r.m.s. value of the test voltage, in volts. 

The power factor shall not exceed 0,1. 
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6.1.9 Check of dimensions 

Dimensions of the case, of the terminals and of the fixing arrangements shall comply with 
those indicated in the drawing, taking tolerances into account. 

In addition, minimum creepage distances and clearances indicated in Table 8 shall be 
checked. 

6.1.10 Mechanical tests 

These tests shall be carried out in conformity with the relevant test in IEC 60068-2. 

These tests are as follows: 

– robustness of terminations:  Test U, IEC 60068-2-21; 
– soldering:  Test T, IEC 60068-2-20; 
– vibration (sinusoidal):  Test Fc, IEC 60068-2-6; 

− change of temperature:  Test Na, IEC 60068-2-14. 

6.1.10.1 Robustness of terminations 

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

6.1.10.1.1 Test Ua – Tensile 

The load to be applied shall be 20 N for all types of terminations. 

For external wire terminations, the cross-sectional area shall be at least 0,5 mm2. 

6.1.10.1.2 Test Ub – Bending (half of the terminations) 

This test shall be carried out only on wire terminations. Two consecutive bends shall be 
applied. 

6.1.10.1.3 Test Uc – Torsion (other half of the terminations) 

This test shall be carried out only on wire terminations. Two successive rotations of 180° shall 
be applied. 

6.1.10.1.4 Test Ud – Torque (screw terminals) 

This test shall be carried out on threaded terminations. 

The nuts or screws shall be tightened to the torque specified in Table 7 and loosened again. 
The torque shall be applied gradually. The screw material shall have adequate resistance 
against stress cracking. 
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Table 7 – Torque 

Thread diameter Torque 
N · m mm in 

2,6 – 0,4 
3,0 1/8 0,5 
3,5 9/64 0,8 
4,0 5/32 1,2 
5,0 3/16 1,8 
5,5 7/32 2,2 
6,0 1/4 2,5 
8 5/16 5 

10 3/8 7 
12 1/2 12 

 

6.1.10.1.5 Visual examination 

After each of these tests the capacitors shall be visually examined. There shall be no visible 
damage. 

6.1.10.2 Soldering 

This test shall be carried out only when terminals are designed for connection by soldering. 

The capacitor shall then be subjected to Test T of IEC 60068-2-20 either using the solder bath 
method or the solder globule method. 

When neither the solder bath method nor the solder globule method is applicable, the 
soldering iron test shall be used, with soldering iron size A. 

Before and after the test, the capacitance of the capacitor shall be measured by the method 
laid down in 6.1.8. No perceivable capacitance change is permitted. 

When the test procedures have been carried out, the capacitors shall be visually examined. 
There shall be no visible damage. 

6.1.10.3 Vibration 

The capacitors shall be subjected to Test Fc of IEC 60068-2-6 using a mounting system 
similar to that which is to be used in practice. The severity of the test shall be as follows: 

– f = 10 Hz to 55 Hz; 

– a = ±0,35 mm; 
– test duration per axis = 10 frequency cycles (3 axes offset from each other by 90°), 

1 octave per minute. 

After the test, the capacitor shall be subjected to the voltage test between terminals and case 
according to 6.1.7. No dielectric breakdown or flashover shall occur. 

When all the test procedures have been carried out, the capacitors shall be visually 
examined. There shall be no visible damage. 

No seepage of any filling material or other visible damage is permitted. 

Before and after the test, the capacitance of the capacitor shall be measured according 
to 6.1.8. A maximum capacitance change of 3 % is allowed. 
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6.1.10.4 Fixing bolt or stud (if fitted) 

Fixing threaded bolts and attachments to the capacitor body shall have adequate resistance 
to ageing deterioration in service. 

The durability of the fixing bolt or stud shall be checked on four of the samples tested 
in 6.1.12 (endurance test) by the following method. 

Four of the capacitors shall be mounted on a fixing plate in the endurance test chamber. The 
thickness of the fixing plate shall be 1,5 mm ± 0,1 mm and the diameter of the hole shall be 
the base bolt diameter +0,5 mm to +1,0 mm. 

Prior to commencement of the endurance test, torque values specified in Table 7 are to be 
applied. On completion of the endurance test, a torque figure of 50 % of the value specified in 
Table 7 shall be applied. 

No failures are permitted. 

6.1.10.5 Rapid change of temperature 

The capacitors shall be subjected to Test Na of IEC 60068-2-14 for 5 cycles. The duration of 
exposure at each temperature limit shall be 3 h. 

After recovery, the capacitors shall be visually examined and measured. There shall be no 
seepage of any filling material or other visible damage. The change of capacitance from the 
initial measurement shall be less or equal to 5 %. 

6.1.11 Sealing test 

The capacitor shall be mounted in a position most likely to reveal leakage at a temperature 
10 °C ± 2 °C higher than the maximum permissible capacitor operating temperature for a time 
sufficient for all parts of the capacitor to reach this temperature. 

The capacitor shall be maintained at this temperature for a further hour before cooling. 

No leakage shall occur. 

If the capacitor is intended to be supplied with a terminal cover, the sealing test should 
preferably be carried out before fastening the cover. The cover shall be fastened in such a 
manner that the sealing is not impaired. 

After the sealing test, capacitors shall be inspected for liquid leakage and distorted case. 

Liquids are allowed to wet the surface but not to form droplets. 

For routine tests other equivalent methods are permitted after agreement between the manu-
facturer and the user. 

6.1.12 Endurance test 

The test is intended to prove the suitability of the capacitors for the operation under rated 
conditions. 

During the test, the capacitors shall be separated from each other by at least 25 mm. 
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6.1.12.1 Conditioning 

Two alternative methods (see 6.1.12.1.1 and 6.1.12.1.2) of obtaining test temperature 
conditions are valid, the choice of the method depending on the availability of equipment. The 
two methods are considered as being equivalent. 

6.1.12.1.1 Testing in air with forced circulation 

The capacitors shall be mounted in a test chamber in which the temperature of the air is 
constant within a tolerance of ±2 °C. 

The air in the test chamber shall be continuously agitated but not so vigorously as to cause 
undue cooling of the capacitors. The capacitors under test shall not be subjected to direct 
radiation from any heating elements in the chamber. 

The sensitive element of the thermostat regulating the air temperature of the chamber shall be 
well within the stream of heated circulating air. 

NOTE Heating of the air may take place in a separate chamber, from which the air can be admitted to the 
capacitor test chamber through a valve allowing good distribution of heated air over the capacitors. 

The capacitors are mounted in a position most favourable to the leakage of impregnant or 
filling material. 

After 24 h, the difference between the maximum permissible operating temperature recorded 
on the selected capacitor shall be noted. Then the thermostat shall be adjusted to ensure that 
the recorded temperature would be at the permissible maximum with a tolerance of ±2 °C. 

The test is continued to the end of the prescribed duration without further adjustments to the 
thermostat. The test time is computed from the first energization of the capacitors. 

6.1.12.1.2 Testing in a liquid bath 

The capacitors shall be placed in a container filled with a liquid which by additional heating 
shall be maintained at the maximum operating temperature of the capacitor for the duration of 
the test. The permitted temperature tolerance shall be within ±2 °C. The container shall be 
totally enclosed as a safety precaution against fire hazard. 

The level of the liquid shall be such that no more than 20 % of the height of the capacitor or 
15 mm shall protrude from the liquid. 

6.1.12.2 Test conditions 

It is recommended that each test capacitor be individually protected by a fuse or a circuit- 
breaker. 

Each capacitor shall be connected to the power supply source through a series resistor of 
resistance value approximately equal to 10 % of the rated impedance of the capacitor under 
test. 

A discharge resistor (if not already incorporated in the capacitor) shall be connected in 
parallel with each capacitor. This resistor shall be such a value that it will discharge the 
capacitor to less than 5 % of the nominal a.c. working voltage before each energised (ON) 
period. 

For both methods the test shall be performed at the following conditions: 

Test voltage: 1,1 UN 
Test frequency: 50 Hz or 60 Hz 
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Duty cycle: according to the duty cycle marked on the capacitor 
Duration: 500 h 

During the test no permanent breakdown, interruption or flashover shall occur. 

After recovery (≥16 h), the capacitors shall be visually inspected and measured. 

There shall be no seepage of any filling material or other visible damage. Marking shall be 
legible. 

The maximum permitted capacitance change from the initial measurements shall be ±10 %. 

The maximum permitted cos ϕ value is 0,2. 

For tests carried out at 50 Hz, 60 Hz rating will be qualified if the specified relative operation 
time also qualified is reduced by 20 %. 

Capacitors are also qualified for a shorter ON period for the same tested duty cycle duration. 
For example, an approval obtained with a duty cycle duration of 60 s and an ON period of 1 s 
(1,7 % relative operation time) will also qualify a duty-cycle duration of 60 s with an ON time 
of 0,33 s (0,55 % relative operation time). 

Capacitors are for a longer duty-cycle duration but retaining the same relative operation time 
up to a maximum permitted ON period of 10 s. For example, an approval obtained with a duty-
cycle duration of 60 s and an ON period of 1 s (1,7 % relative operation time) will also qualify 
a duty-cycle duration of 3 min and an ON time of 3 s (same relative operation time of 1,7 %). 

6.1.13 Damp heat test 

Capacitance shall be measured before the test (see 6.1.8). 

This test shall be carried out in accordance with IEC 60068-2-78. 

The severity indicated in the marking shall be employed. No voltage shall be applied to the 
samples and no measurement shall be taken during the test. 

After the damp heat period, the capacitors shall be stored under standard atmospheric 
conditions for recovery for not less than 1 h and not more than 2 h. Immediately after 
recovery, the capacitance shall be measured in accordance with 6.1.8. 

No perceivable capacitance change is permitted, within the limits of the measurement’s 
precision. 

6.1.14 Pressure relief test 

Capacitors shall be subjected to the continuous application of the rated voltage at the rated 
frequency at room temperature, for a period of 30 min to ensure security of product. 

Where a pressure relief device is incorporated in the encapsulation, it shall operate in a 
harmless way; there shall be no disruption of the case or danger of fire. 

In the absence of a pressure relief device, partial opening of the encapsulation as a means of 
relieving pressure is permitted, provided there is no further disruption of the case or danger 
of fire. 

With double-cased capacitors, the outer casing shall suffer no disruption during the test. 
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NOTE 1 During this test some expulsion of impregnant or filling material from inside the capacitor casing may 
occur. Precautions need to be taken to prevent the impregnant or filling material affecting the operator or the 
environment. 

NOTE 2 This test is a destructive test for electrolytic capacitors. 

6.1.15 Resistance to heat, fire and tracking 

These tests are not applicable to capacitors with lead terminations. 

6.1.15.1 Ball-pressure test 

External parts of insulating material retaining terminals in position shall be sufficiently 
resistant to heat. 

For materials other than ceramic, compliance is checked by subjecting the parts to the ball-
pressure test in accordance with 27.3 of IEC 60309-1 at 125 °C or at tc + 40 °C, whichever is 
the higher. 

6.1.15.2 Glow-wire test 

For materials other than ceramic, compliance is also checked by the following test. 

External parts of insulating material retaining terminals in position shall be subjected to 
the glow-wire test in accordance with IEC 60695-2-10 and IEC 60695-2-11, subject to the 
following details: 

• the test sample comprises 1 set of individual components forming the terminal assembly; 

• the temperature of the tip of the glow-wire is 550 °C for In ≤ 0,5 A and 850 °C for In > 0,5 A; 

• any flame or glowing of the specimen shall extinguish within 30 s of withdrawing the glow-
wire, and any flaming drops shall not ignite a piece of 5-layer wrapping tissue, as defined 
in ISO 4046, spread out horizontally at a distance of 200 mm ± 5 mm below the place 
where the glow-wire is applied to the specimen. 

6.1.15.3 Tracking test 

Outer insulating parts of capacitors which retain live parts in position or are in contact with 
such terminals shall be of material resistant to tracking. 

Compliance is checked by carrying out the tracking test specified in IEC 60112 at 250 V on 
relevant parts according to solution A. 

6.2 Overloads 

6.2.1 Maximum permissible voltage 

The maximum permissible voltage measured at the terminals during the starting period up to 
the instant at which the capacitor is switched out of the circuit shall not exceed 1,2 Un. 

It is advisable that such a voltage is not attained more than once a day. 

6.2.2 Maximum permissible current 

Capacitors shall be suitable for operation at an r.m.s. current not exceeding 1,30 times the 
current which occurs at rated sinusoidal voltage and rated frequency excluding transients. 

Taking into account the capacitance tolerance, the maximum permissible current can be up to 
1,30 times the rated current increased in proportion to the actual capacitance value compared 
with the rated capacitance value. 
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6.2.3 Maximum permissible reactive output 

The overload resulting from operation at voltage and current exceeding the rated values 
(though within the limits indicated in 6.2.1 and 6.2.2) shall not exceed 1,35 times the rated 
output. 

Taking into account the capacitance tolerance, the maximum permissible output can be up to 
1,35 times the rated output increased in proportion to the actual capacitance value compared 
with the rated capacitance value. 

NOTE It should be noted that operation of capacitors with overload, even within the limit indicated above, may 
adversely affect the life duration of these capacitors. 

6.3 Safety requirements 

6.3.1 Creepage distances and clearances 

The creepage distances over external surfaces of terminal insulation and the clearances 
between the exterior parts of terminal connections or between such live parts and the metal 
case of the capacitor, if any, shall be not less than the minimum values given in Table 8. 

These minimum distances shall apply to the terminals with or without the external wiring 
connected. They are not intended to apply to internal creepage distances and clearances. 

The requirements for specific applications shall be satisfied. 

The contribution to the creepage distances of any groove less than 1 mm wide shall be limited 
to its width. 

Any air-gap of less than 1 mm shall be ignored in calculating the total air path. 

Creepage distances are distances in air, measured along the surface of insulating material. 

6.3.2 Terminals and connecting cables 

Terminals and undetachable connecting cables shall have a conductor cross-section which 
can safely carry the current of the capacitor and shall have sufficient mechanical strength. 
The minimum cross-sectional area of the conductor shall be 0,5 mm2. Insulated cables shall 
conform to the voltage and temperature ratings of the capacitor. 

Manufacturers shall provide evidence that the cable supplied with the capacitor shall 
adequately carry the current over the full capacitance/temperature/voltage range specified. 

6.3.3 Earth connections 

If the metal case of the capacitor is intended to be connected to earth or to a neutral 
conductor, means shall be provided to enable an effective connection to be made. This may 
be achieved by supplying the capacitor in an unpainted metal case or by provision of an earth 
terminal, an earth conductor, or a metal bracket with sound electrical connection to the case. 

Whichever the type of connection used, it shall be clearly marked by the symbol  as the 
earth connection. 

When the metal case is provided with a threaded stud and the capacitor is securely fixed to 
the metal frame by means of this stud without interposed insulating material and the frame is 
securely connected to earth, the stud shall be considered as an effective connection to earth. 
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Table 8 – Minimum creepage distances and clearances 

Rated voltage 
Up to and 

including 24 V 

Above 24 V 
up to and 

including 250 V 

Above 250 V 
up to and 

including 500 V 

Above 500 V 
up to and 

including 1 000 V 
mm mm mm mm 

Creepage distances     
1 Between live parts of different polarity 2 3 (2) 5 6 

2 Between live parts and accessible 
metal parts which are permanently 
fixed to the capacitor including screws 
or devices for fixing covers or fixing 
the capacitor to its support 

2 4 (2) 
3* 

6 
3* 

7 

Clearances     
3 Between live parts of different polarity  2 3 (2) 5 6 

4 Between live parts and accessible 
metal parts which are permanently 
fixed to the capacitor including screws 
or devices for fixing covers or fixing 
the capacitor to its support 

2 4 (2) 
3* 

6 
3* 

7 

5 Between live parts and a flat sup-
porting surface or a loose metal 
cover, if any, if the construction does 
not ensure that the values under 
item 4 above are maintained under 
the most unfavourable conditions 
(for information only) 

2 6 10 12 

NOTE The values in brackets apply to creepage distances and clearances protected against dirt. For permanently 
sealed-off or compound-filled cases, creepage distances and clearances are not checked. 

Item 5 has been included for guidance only to indicate requirements for the capacitor in the application. 

* For glass or other insulation with equivalent tracking qualities. 

 
6.3.4 Discharge devices 

In many cases, discharge devices are not required; namely, when the capacitor is connected 
permanently to the motor winding or when placed in an inaccessible position. 

When a discharge device is specified, it must reduce the voltage at the terminals from the 
peak of the rated voltage to a value of 50 V or less in the time of 1 min from the moment 
the capacitor is switched off. 

NOTE A discharge device may sometimes be specified, not for safety reasons, but to prevent electrical overstress 
on the capacitor. This may occur when a disconnected capacitor still charged is reconnected across another 
capacitor of different polarity. 

6.3.5 Pollution 

If the capacitor contains liquid substances which should not be dispersed into the 
environment, an adequate marking shall apply which should be classified according to water-
pollution risk category. 

6.4 Marking 

The following information shall be marked on the capacitor: 

a) manufacturer's name, abbreviated name or trade mark; 
b) manufacturer's type designation; 
c) rated capacitance (CN) in microfarads and tolerance as a percentage; 
d) rated voltage (UN) in volts; 
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e) the duty cycle shall be marked next to the voltage. If more than one duty cycle or voltage 
are applicable, they shall be marked on the capacitor. 

f) rated frequency fN in hertz, if other than 50 Hz; 
g) climatic category, for example 25/85/21 (see 4.1); 
h) date of manufacture (a code may be used); 
i) discharge device, if any, shall be written out in full or indicated by the symbol  
j) approval marks; 
k) filling material. Reference to liquid used (not needed for dry capacitors); 
l) specification (standard) number. 

If the capacitor is small and has not enough space for marking, items a), b), c), d), e), g), h) 
and j) shall be marked and other items can be omitted. 

Furthermore, item c) may be marked by the standard code according to IEC 60062 but, if 
there is enough space available the rated capacitance and the capacitance tolerance shall be 
marked in clear text. 

Information omitted on the capacitor shall be indicated on the packaging or on the 
accompanying notice. 

7 Guidance for installation and operation 

7.1 General 

This guidance is intended mainly for manufacturers of motors and complete apparatus 
containing the capacitors specified in this standard. However, reference in it is made to 
installation and operating instructions, and, where necessary, the manufacturer of the motor 
apparatus should ensure that these instructions are passed on to the ultimate user as 
installation instructions and any necessary warning should be displayed on the apparatus. 

Unlike most electrical apparatus, motor capacitors are not connected to power systems as 
independent apparatus. In each case, the capacitor is connected in series with an inductive 
winding on the motor and may also be in physical contact with the motor or other apparatus. 
The characteristics of the motor and such other apparatus exert a strong influence on the 
operating conditions of the capacitor. 

The most important influences on motor capacitors are the following: 

– where a motor capacitor is connected in series with the auxiliary winding of a single-phase 
induction motor, the voltage at the terminals of the capacitor at operating speed is 
generally considerably higher than the mains voltage; 

– when in physical contact with the motor, the capacitor is not only stressed by vibration of 
the motor but also by the heat transferred from the energized windings and the active iron. 
Also, other sources of heating associated with the apparatus may raise the temperature of 
the capacitor. 

7.2 Choice of rated voltage 

7.2.1 Measurement of working voltage 

The rated voltage required for a motor start capacitor should be determined by a 
measurement of the voltage on the capacitor when it is operating in connection with the 
associated motor. The motor should be run at maximum mains voltage using the correct value 
of capacitance and at a load which is varied from the lowest practicable to the highest 
permissible load. 
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The maximum voltage rating of the capacitor should not be less than the highest voltage 
measured at the terminals of the capacitor during the starting period up to the instant at which 
the capacitor is switched out of circuit. This measured voltage should not be greater than 
1,2 UN. 

NOTE The voltage at the terminals of the capacitor during the starting period can be estimated from the 
relationship: 

2
c 1 nUU +×≈  

where 

Uc  is the voltage at the capacitor terminals; 

U is the mains voltage;   

n is the ratio of the number of turns in the auxiliary winding to the turns in the main winding. 

7.2.2 Influence of capacitance 

Apart from the supply system voltage and the inductive coupling between the main winding 
and the auxiliary winding of the capacitor motor, the voltage at the terminals of the capacitor 
depends on the value of the capacitance itself, especially when the capacitor and the auxiliary 
winding operate near the resonance point. This fact should be taken into account when 
choosing the rated voltage of the capacitor and due attention should also be paid to the 
maximum permissible motor current. In choosing the rated voltage of the capacitor, due 
attention should be paid to the voltage measurements specified in 7.2.1 to the possible 
variation in the mains voltage and to the effect of the capacitance tolerance. 

7.3 Checking capacitor temperature 

7.3.1 Choice of maximum permissible capacitor operating temperature 

Since many factors influence the temperature conditions of motor capacitors, which cannot be 
easily calculated (heat radiation and heat conduction from the motor, high ambient 
temperature, bad cooling conditions, etc.), the manufacturer of the apparatus should check 
the capacitor operating temperature in association with the apparatus into which the capacitor 
is built. During the test, the most unfavourable permissible conditions of operation applicable 
to the apparatus should be attained. Under these conditions, the capacitor temperature 
should be measured. The rated maximum permissible capacitor operating temperature shall 
not be less than the highest temperature measured during the test. 

7.3.2 Choice of minimum permissible capacitor operating temperature 

The rated minimum capacitor operating temperature shall not be higher than the lowest 
temperature at which the capacitor may be operated. This temperature shall be that prevailing 
before the equipment is operated i.e. without the effect of heating from the equipment. 

Electrolytic capacitors lose capacitance and increase in power factor at temperatures below 
0 °C; these changes, however, do not seriously affect their ability to start motors at 
temperatures as low as –40 °C. The higher power factor at this temperature represents a loss, 
generating enough internal heat in a short period of time to the point that the capacitance is 
sufficiently high and the power factor is low enough for the motor to start. 

7.4 Checking transients 

Under certain conditions of switching motors on or off, or the switching of starting capacitors, 
transient overvoltages up to 10 times the rated capacitor voltage may be produced under 
the most unfavourable conditions by the repeated arcing at the switch contacts and the 
inductance of the connected motor-circuits. 
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Under the circumstances described above, premature failure of the capacitors can occur. The 
manufacturer shall establish appropriate tests to ensure that the maximum capacitor ratings 
are not exceeded. 

7.5 Storage of electrolytic capacitors 

Electrolytic capacitors stored over a prolonged period of time can suffer some deterioration. 
Electrolytic capacitors covered by this standard are intended to be placed in service within 
2 years of the date of manufacture. After this period, capacitors should be checked before 
being placed in service. 

If test gear is not available, the capacitor can be “reformed” by applying the rated voltage 
for 2 s or 3 s at a time. This can be repeated 3 times but a total of 10 s shall not be exceeded. 
If the capacitor is already connected to the motor, the same effect can be obtained by 
switching on the motor 2 or 3 times before the load is connected. 
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Annex A  
(normative) 

 
Test voltage 

 

Voltage tests are carried out with an a.c. source as specified in the relevant clause. The 
source shall be adequate to maintain, over any specified test period, the test voltage required, 
subject to a tolerance of ±2,5 %, but ±2 % for the endurance test. 

AC voltage tests are made using a 50 Hz or 60 Hz frequency, as appropriate, whose voltage 
waveform is sufficiently free from harmonics to ensure that, when applied to the capacitor, the 
resulting current does not exceed the value corresponding to a sinusoidal voltage waveform 
by more than 10 %. 

 

______________ 
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