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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-75: Tests —
Test Eh: Hammer tests

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.

International Standard IEC 60068-2-75 has been prepared by IEC technical committee 104:
Environmental conditions, classification and methods of test.

This second edition cancels and replaces the first edition, published in 1997, and constitutes a
technical revision.

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

— reconsideration of some values in Tables 1 and 2. Although some values are no longer
recommended, they have been retained as alternatives for historical consistency purposes.

It has the status of:a basic safety publication in accordance with IEC Guide 104.
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The text of this standard is based on the following documents:

FDIS Report on voting
104/635/FDIS 104/637/RVD

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

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

A list of all parts in the IEC 60068 series, published under the general title Environmental
testing, can be found on the IEC website.

The committee has decided that the contents of this publication 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

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

Mechanical impacts likely to stress electrotechnical equipment in service can be generated by
hammers of various types. For standardization purposes, the results of such testing should not
depend on the type of testing apparatus and therefore, the characteristics of the various types
of test hammers described in this part of IEC 60068 are intended to be as close as practicable
for the same severity level.

It is important to note that both Clause 3 and the test method selected from Clauses 4, 5, and 6
need to be complied with in order to satisfy the requirements of this International Standard.

The severity levels are, in general, taken from IEC 60721-1.

For coordination purposes, it has been necessary to change certain fundamental parameters of
the previous tests Ef: Impact, pendulum hammer, and Eg: Impact, spring hammer. In all cases,
both sets of parameters are shown at the appropriate places in the text. Although some values
are no longer recommended, they have been retained as alternatives for historical consistency
purposes. This is because they have application in certain industries as historic comparators.
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ENVIRONMENTAL TESTING -

Part 2-75: Tests —
Test Eh: Hammer tests

1 Scope

This part of IEC 60068 provides three standardized and coordinated test methods for
determining the ability of a specimen to withstand specified severities of impact. It is used, in
particular, to demonstrate an acceptable level of robustness when assessing the safety of a
product and is primarily intended for the testing of electrotechnical items. It consists of the
application to the specimen of a prescribed number of impacts defined by their impact energy
and applied in the prescribed directions.

This part of IEC 60068 covers energy levels ranging from 0,14 J (joules) to 50 J (joules).

Three types of test apparatus are applicable to perform these tests. Annex C provides some
guidance as to this aspect.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

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

IEC 60721-1, Classification of environmental conditions — Part 1: Environmental parameters
and their severities

IEC Guide 104, The preparation of safety publications and the use of basic safety publications
and group safety publications

IEC Guide 108, Guidelines for ensuring the coherency of IEC publications — Application of
horizontal standards

ISO 1052, Steels for general engineering purposes
ISO 2039-2, Plastics — Determination of hardness — Part 2: Rockwell hardness
ISO 2041, Vibration and shock and condition monitoring — Vocabulary

ISO 2768-1, General tolerances — Part 1: Tolerances for linear and angular dimensions without
individual tolerances indications

ISO 6508 (all parts), Metallic materials — Rockwell hardness test
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3 Terms and definitions

For the purposes of this document, the terms and definitions used in ISO 2041 or in
IEC 60068-1, together with the following, apply.

3.1
combined mass of the striking element
sum of the masses of the striking element and of the element's fixing system

3.2

fixing point

part of the specimen in contact with the mounting fixture at the point where the specimen is
normally fastened in service

3.3

equivalent mass

mass of the striking element and any relevant portions of the test apparatus which, combined
with its velocity, provides the impact energy

Note 1 to entry: For the particular application to the pendulum hammer apparatus, mass of the simple pendulum
hammer calculated from the measure of the vertical force (in newtons) to be applied in the axis of the striking
element to maintain the arm of the pendulum in a horizontal position, divided by the earth's gravity. When the mass
of the arm is evenly distributed, the equivalent mass is equal to the sum of the combined mass of the striking
element plus half the mass of the arm.

3.4

measuring point

point marked on the surface of the striking element where the line through the point of
intersection of the axes of the arms of both of the pendulum and of the striking element, and
perpendicular to the plane through both axes, meets the surface (see Figure 2).

Note 1 to entry: In some IEC standards which include a pendulum hammer test, the term "checking point" has
been used but it has not been used here in order to avoid confusion with "check point " in other parts of IEC 60068-2.

Note 2 to entry: Theoretically, the centre of gravity of the striking element should be the measuring point. In
practice, the centre of gravity is either difficult to determine or inaccessible, and the measuring point is therefore
defined as above.

3.5

height of fall

vertical distance between the position of the measuring point when the pendulum is released
and its position at the moment of impact (see Figure D.1).

4 Provisions common to all hammer test methods

4.1 Severities
411 General

The severity is defined by the impact energy value chosen from 4.1.2, and the number of
impacts according to 4.1.3.

4.1.2 Impact energy value

The impact energy value shall be one of the following, as prescribed by the relevant
specification:

0,14 -0,2-(0,3)- 0,35 (0,4) = 0,5-0,7—-1—-2—5—10 — 20 — 50 J (joules).
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NOTE Figures in brackets appear in previous IEC 60068-2 standards, although no longer recommended, they may
be used for historic consistency.

4.1.3 Number of impacts

Unless otherwise prescribed by the relevant specification, the number of impacts shall be three
per location.

4.2 Test apparatus
4.21 Description
Three types of test apparatus are available to perform these tests:

— the pendulum hammer;

— the spring hammer;

— the vertical hammer.

The types of test apparatus are defined in Clauses 5, 6 and 7 as tests Eha, Ehb and Ehc,

respectively. The coordinated characteristics of the striking element are, in principle, similar in
all three cases and are stated in Table 1 in relation to the outline shown in Figure 1.

Dimensions are in millimetres. Tolerances are as per class m of 1ISO 2768-1, unless otherwise

stated.
Table 1 — Coordinated characteristics of the striking elements
Energy value <1 2 5 10 20 50
J +10 % 5% 5% 5% 5% 5%
Equivalent
mass 0,25 (0,2) 0,5 1,7 5 5 10
+2 % kg
Material Polyamide 2 Steel °
R mm 10 25 25 50 50 50
D mm 18,5 (20) 35 60 80 100 125
f mm 6,2(10) 7 10 20 20 25
r mm - - 6 - 10 17
I mm To be adjusted to match the equivalent mass, see Annex A.
2 85 < HRR <100, Rockwell hardness according to 1ISO 2039-2.
b Fe 490-2, according to ISO 1052: Rockwell hardness: HRE 80...85 according to 1SO 6508.
NOTE The values shown in brackets for the equivalent mass and the diameter of the striking element for the
energy value equal to or less than 1 J are those in the current test Ef. The values currently in test Eg are also
shown for these two parameters. Although, for coordination reasons, these values are no longer recommended,
they are used by some industries for historical comparison purposes.
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Figure 1 — Example sketch of a striking element

The striking surface shall be visually examined before each impact in order to ensure that there
is no damage that might affect the result of the test.

4.2.2 Mounting
As prescribed by the relevant specification, the specimen shall either

a) be mounted by its normal means on a rigid plane support, or
b) be placed against a rigid plane support.
In order to ensure that the specimen is rigidly supported, it may be necessary when performing

the test to place the specimen against a plane solid support, for example a wall or a floor
made of brick or concrete, covered by a sheet of polyamide which is tightly fixed to the support.

Care shall be taken to ensure that there is no appreciable air gap between the sheet and the
support. The sheet shall have a Rockwell hardness of 85 <HRR <100 according to ISO 2039-2,
a thickness of approximately 8 mm and a surface area such that no parts of the specimen are
mechanically over-stressed due to the supporting area being insufficient.

The mounting arrangement is deemed to be sufficiently rigid if the displacement of the impact
surface of the plane support does not exceed 0,1 mm when struck by an impact applied directly
to it with the same level of energy as for the specimen.

NOTE 1 For specimens to be subjected to impact energies not exceeding 1 J, some examples of mounting and
support are shown in Figures D.3, D.4 and D.5.

NOTE 2 When the mass of the mounting is at least 20 times that of the specimen, the rigidity of the mounting is
likely to be sufficient.

4.3 Preconditioning

The relevant specification may call for preconditioning; it shall then prescribe the conditions.

4.4 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks prescribed
by the relevant specification.

4.5 Testing
4.5.1 General

Secondary impacts, i.e. rebounds, shall be avoided.
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4.5.2 Attitudes and impact locations
The relevant specification shall prescribe the attitudes of the specimen and the locations on the
specimen corresponding to where damage is most likely to occur in practice and at which the

impacts are to be applied. Unless otherwise specified by the relevant specification, the blows
shall be applied perpendicularly to the tested surface.

4.5.3 Preparation of the specimen

The relevant specification shall state any requirements for the securing of bases, covers and
similar items before the specimen is subjected to the impacts.

NOTE Account may need to be taken of requirements for functional monitoring (see 4.5.4 b)).
4.5.4 Operating mode and functional monitoring
The relevant specification shall state:

a) whether the specimen is required to operate during impact;
b) whether any functional monitoring is required.

In both cases, the relevant specification shall provide the criteria upon which the acceptance or
rejection of the specimen is to be based.

NOTE Attention is drawn to the fact that, in case of breakage of the specimen, internal parts may become
hazardous.

4.6 Recovery

The relevant specification may call for recovery and shall then prescribe the conditions.

4.7 Final measurements

The specimen shall be submitted to the visual, dimensional and functional checks prescribed
by the relevant specification.

The relevant specification shall prescribe the criteria upon which the acceptance or rejection of
the specimen is to be based.

4.8 Information to be given in the relevant specification

When one of the tests in this part of IEC 60068 is included in a relevant specification, the
following details shall be given as far as they are applicable, paying particular attention to the
items marked with an asterisk (*) as this information is always required:

Subclause
a) Impact energy * 4.1.2
b) Number of impacts, if other than three per location 4.1.3
c) Type(s) of test apparatus to be used 4.2.1
d) Method of mounting * 4.4.2
e) Preconditioning 4.3
f)  Initial measurements”® 4.4
g) Attitude and impact locations * 452
h) Securing of bases, covers and similar components 4.5.3
i) Operating mode and functional monitoring* 454
j)  Acceptance and rejection criteria * 4.5.4 and 4.7
k) Conditions for recovery 4. Documents
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[)  Final measurements* 4.7
5 Test Eha: Pendulum hammer

5.1 Test apparatus
5.1.1 General

The test apparatus consists basically of a pendulum rotating at its upper end in such a way as
to be kept in a vertical plane. The axis of the pivot is at 1 000 mm above the measuring point.
The pendulum is composed of a nominally rigid arm and of a striking element complying with
the requirements of Table 1.

For testing heavy, voluminous or difficult-to-handle specimens, a portable pendulum may be
used. It shall comply with the above description but its pivot may be fixed directly on the
specimen or on a movable structure. In this case, it shall be ensured that, before the tests, the
axis of the pendulum is horizontal, that its fixing is sufficiently rigid and that the impact point is
in the vertical plane passing through the axis.

In all cases, when the pendulum is released, it shall be allowed to fall only under the influence
of gravitational force.

5.1.2 Test apparatus for severities not exceeding 1 J

The striking element comprises a steel body with a polyamide insert having a hemispherical
face. Its combined mass is 200 g (150 g) + 1 g so that the equivalent mass complies with
Table 1. Annex D gives an example of a test apparatus.

51.3 Test apparatus for severities of 2 J and above

The ratio of the mass of the arm to the combined mass of the striking element shall not be
greater than 0,2 and the centre of gravity of the striking element shall be as close as is
practicable to the axis of the arm.

For some particular applications, the pendulum arm is replaced by a cord and the striking
element by a spherical steel ball. This is not recommended as the ball does not conform to the
geometry of the striking element specified in this part of IEC 60068.

5.2 Height of fall

To produce impacts of the required severity, the striking element shall be released from a
height depending on the equivalent mass of the pendulum, according to Table 2.

Table 2 — Height of fall

E“'i’gy 0,14 0,2 (0,3) | 0,35 | (0,4) 0,5 0,7 | 1 2 5 10 | 20 | 50

Equivalent
mass 0,25 | (0,2) | 0,25 | (0,2) | 0,25 | (0,2) | (0,2) | 0,25 | 0,25 | 0,25 | 0,5 1,7 5 5 10
kg
Height
of fall 56 |(100)| 80 |(150)| 140 |[(200)|(250)| 200 | 280 | 400 | 400 | 300 | 200 | 400 | 500

mm =t 1%

NOTE 1 Figures in brackets appear in previous |IEC 60068-2 standards; although no longer recommended, they
may be used for historic consistency.

NOTE 2 In this part of IEC 60068, the energy, J, is calculated taking the standard acceleration due to the earth's

gravity (g,,), rounded up to the nearest whole number, that is 10 m/s2.
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5.3 Testing
In order to avoid secondary impacts, i.e. rebounds, the hammer shall be retained after the

initial impact by grasping the striking element whilst avoiding the arm so that distortion is
prevented.

Vertical Axis

Measuring point

T ¢
ey o

Axis of striking element
IEC

Figure 2 — Derivation of measuring point

6 Test Ehb: Spring hammer

6.1 Test apparatus

The spring hammer consists of three principal parts: the body, the striking element and the
release system.

The body comprises the housing, the guide for the striking element, the release mechanism
and all rigidly fixed parts.

The striking element comprises the hammer head, the hammer shaft and the cocking knob.
The mass of this assembly is 250 g (200 g) for severities not exceeding 1 J, and 500 g for 2 J
(see Table 1 for tolerances).

The force to release the striking element shall not exceed 10 N.

The configuration of the hammer shaft, the hammer head and the means for the adjustment of
the hammer spring is such that the hammer spring has released all its stored energy
approximately 1 mm before the tip of the hammer head reaches the plane of impact. For the
last millimetre of its travel, prior to impact, the striking element is thus, apart from friction, a
freely moving mass having only kinetic energy and no stored energy. Moreover, after the tip of
the hammer head has passed the plane of impact, the striking element is free to travel, without
interference, over a further distance of between 8 mm and 12 mm. Annex E gives an example
of a test apparatus.

In order to comply with Table 1, the shape of the release head for 2 J shall be cylindrical for a
length of 23 mm with a diameter of 35 mm (see Figure 3).
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Dimensions in millimetres

23

35

IEC

Figure 3 — Shape of release head for 2 J

6.2 Influence of earth's gravity

When the spring hammer is used in a position differing from the horizontal, the energy actually
delivered is modified by AE. This variation is positive when the blows are applied downward,
and negative when applied upward:

AE=10xmx d x sin «

where

m is the mass of the striking element, in kilogrammes;

d is the travel of the striking element inside the spring hammer, in metres;
o is the angle of the axis of the striking element with the horizontal.

This variation shall be taken into account when establishing the actual energy delivered.

6.3 Calibration

The spring hammer shall be calibrated. Annex B gives a standardized preferred procedure (see
Clause B.2 in particular for 2 J). Other methods of calibration may also be used, provided that
evidence is available that they give equivalent accuracy.

7 Test Ehc: Vertical hammer

71 Test apparatus

The hammer consists basically of a striking element which falls freely from rest through a
vertical height, selected from Table 2, on to the specimen surface held in a horizontal plane.
The characteristics of the striking element shall comply with Table 1. The fall of the striking
element shall be along a guideway, for example three or four rails, with negligible braking. This
guideway shall not rest on the specimen and the striking element shall be free of the guideway
on striking the specimen. In order to reduce the friction, the length / of the striking element
shall not be smaller than its diameter D, and a small gap (for example 1 mm) shall be provided
between the striking element and the guideway.

7.2 Height of fall
The height of fall shall be as given in Table 2, the equivalent mass stated therein 'BB‘%:‘ifiiﬂents

to the actual mass of the striking element.
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Annex A
(normative)

Shapes of striking elements

The figures in this annex show the shape and characteristics of the striking elements
applicable to each of the six energy values defined in Table 1. For the purpose of these figures,
the lengths of the striking element are calculated for vertical hammers or for pendulum
hammers with arms of negligible mass. When the mass of the arms cannot be neglected, the
lengths of the striking element should be reduced so that the equivalent mass meets the
requirements of Table 1 (see 3.2).

Figure A.1 shows the striking element applicable to energy values of equal or less than 1 J. In
this case, the impact face should be made of polyamide with a hardness as specified in Table 1.

Figures A.2, A.3 and A.4 show the striking elements applicable to energy values of 2 J, 5 J and
10 J, respectively. In these cases the impact face should be made of steel with properties,
including hardness, as specified in Table 1.

Figures A.5 and A.6 show the striking elements applicable to energy values of 20 J and 50 J,
respectively. In these cases, the impact face should be made of steel with properties, including
hardness, as specified in Table 1. In these cases, to comply with the other parameters of Table 1,
it is necessary to hollow out the end opposite to the striking face.

Every edge shall be smoothed.

The tolerances are as per class m of ISO 2768-1, unless otherwise stated.
Dimensions in millimetres
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Figure A.1 — Example of a striking element for <1 J

Dimensions in millimetres
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+
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Figure A.2 — Example of a striking element for 2 J Documents
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Dimensions in millimetres
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Figure A.3 — Example of a striking element for 5 J

Dimensions in millimetres
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Figure A.4 — Example of a striking element for 10 J
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Dimensions in millimetres

20 100

A

A
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o |

Figure A.5 — Example of a striking element for 20 J
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Dimensions in millimetres

25 125

R 17

3125
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Figure A.6 — Example of a striking element for 50 J Documents
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Annex B
(normative)

Procedure for the calibration of spring hammers

B.1 Principle of calibration

The principle of this calibration procedure is to compare the energy provided by a spring
hammer, which is difficult to measure directly, to the energy of a pendulum, calculated from its
mass and height of fall.

B.2 Construction of the calibration device

The assembled calibration device is shown in Figure B.1. Apart from the frame, the main parts
are a bearing "a", a drag pointer "b", a pendulum "c", a release base "d" and a release device

e’

The main part of the calibration device is the pendulum “c” shown in Figure B.2. To the lower
end of this pendulum is fixed a steel spring with the details shown in Figure B.3. The spring is
of spring steel, requiring no special treatment, and is rigidly fixed to the pendulum “c”.

Figure B.4 shows some parts on a larger scale.

It should be noted that this spring is designed for calibrating spring hammers having
characteristics as defined in Table 1 for energy values equal to or less than 1 J. For calibrating
spring hammers having characteristics as defined for 2 J, the spring of the pendulum of the
calibrating device would need to be of a different design.

In order to obtain suitable friction characteristics of the pointer, a piece of thick woven cloth is
placed between the metal surfaces of the bearing, the piano wires being bent in such a way
that a small force is exerted against the cloth.

Because the release device is removed during the calibration of the calibration device, the
release device is fixed to the release base by means of screws.

B.3 Method of calibration of the calibration device

The calibration of the calibration device is effected by using a calibration striking element "g
taken from a spring hammer, as shown in Figure B.5. Before calibration, the release device is
removed from the calibrating device.

The calibration striking element is suspended by four linen threads "h" from suspension points
situated in a horizontal plane, 2 000 mm above the point of contact between the pendulum and
the calibration striking element when the latter is in its rest position. The calibration striking
element is allowed to swing against the pendulum and the point of contact under dynamic
conditions, point “k”, shall be not more than 1 mm below the point of contact in the rest
position. The suspension points are then raised over a distance equal to the difference
between both contact points.

@ n

When the suspension system is adjusted, the axis of the calibration striking element “g” shall
be at right angles to the impact surface of the pendulum “c” and the calibration striking element
shall be horizontal at the moment of impact.

When the calibration striking element is in its rest position, the calibration device is_placed so

that point “k” is positioned exactly at the head of the calibration striking element, ocuments
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To obtain reliable results, the calibration device is rigidly fixed to a massive support, for
example to a structural part of a building.

The height of fall is measured at the centre of gravity of the calibration striking element and the
measurement can be facilitated by using a liquid level device consisting of two glass tubes "j",
which are interconnected by means of a flexible hose. One of the glass tubes is fixed and
provided with a scale "I".

The calibration striking element may be held in its upper position by means of a thin thread "m"
which, when ruptured, causes the release of the calibration striking element.

For scaling the calibration device, a circle is drawn on the scale plate, the centre of this circle
coinciding with the bearing of the pendulum and its radius being such that the circle extends to
the drag pointer. On this circle, the zero point 0 J shown in Figure B.6 is marked at the point
indicated by the drag pointer when the latter is brought into contact with the pendulum in the
rest position.

The calibration is made with an impact energy of 1 J, which is achieved with a height of fall
of 408 mm + 1 mm, with a calibration striking element of 250 g.

The point on the scale plate corresponding to 1 J is obtained by allowing the suspended
calibration striking element to swing against point "k" on the spring of the pendulum. After
hitting the pendulum, the calibration striking element shall not move. The operation is repeated
at least 10 times and the 1 J point is the average of the indications of the drag pointer.

The other points of the scale are then determined as follows:

a) a straight line is drawn through the centre of the circle and the 0 J point;

b) the orthogonal projection of the 1 J point on this line is indicated by P;

c) the distance between the points 0 J and P is divided into 10 equal parts;

d) through each dividing point, a line is drawn perpendicular to the line 0 J-P;

e) the intersections between these lines and the circle correspond to values of impact energy
equal to 0,1 J; 0,2 J; up to 0,9 J.

The same principle can be used for extending the scale beyond the 1 J point. The division of
the scale plate "f" is shown in Figure B.6.

B.4 Use of the calibration device

The spring hammer to be calibrated is put in the release base and is then operated three times
by means of the release device; it shall not be released manually.

For each operation, the striking element of the spring hammer to be calibrated is turned in a
different position. The average value of the three readings on the calibration device is taken to
be the actual value of the impact energy of the specimen.
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