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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL STRUCTURES FOR ELECTRONIC EQUIPMENT -
TESTS FOR IEC 60917 AND IEC 60297 —

Part 5: Seismic tests for chassis, subracks and plug-in units

FOREWORD

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.

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.

IEC Publications have the 'form of ‘recommendations forfintefnational' Useandvare’ 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.

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.

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.

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

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.

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.

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 61587-5 has been prepared by subcommittee 48D: Mechanical
structures for electronic equipment, of IEC technical committee 48: Electromechanical
components and mechanical structures for electronic equipment.

The text of this standard is based on the following documents:

FDIS Report on voting
48D/549/FDIS 48D/553/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.
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A list of all parts of IEC 61587 series, under the general title Mechanical structures for
electronic equipment — Tests for IEC 60917 and IEC 60297, 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.

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 document using a
colour printer.
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INTRODUCTION

This standard is based on IEC 61587-2: Mechanical structures for electronic equipment —
Tests for IEC 60917 and IEC 60297 — Part 2: Seismic tests for cabinets and racks and ATIS-
0600329:2008:Network Equipment — Earthquake Resistance.

This standard sets forth test setups, performance requirements, and acceptance criteria for
determining the robustness of chassis, subracks, and associated plug-in units according to
the IEC 60297 and IEC 60917 series that may provide a level of survivability and preserve
functionality during and after a seismic occurrence (an earthquake). This standard does not
replace regional seismic system, installation standards, or specifications.

The intent of this standard is to provide a common methodology to perform and report seismic
test conformance of chassis, subracks, and plug-in units according to the IEC 60297 and
IEC 60917 series within a specified weight category. Mass distribution is based on the
intended use. The terms “intended use” or “simulation of service condition” or “worst-case
simulated configuration” are widely used in the telecom industry but also in the electronics
industry.

Seismic ground motion occurs simultaneously and randomly in all directions. Single-axis or
tri-axis tests may be selected to simulate the seismic environment for testing.
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MECHANICAL STRUCTURES FOR ELECTRONIC EQUIPMENT -
TESTS FOR IEC 60917 AND IEC 60297 —

Part 5: Seismic tests for chassis, subracks and plug-in units

1 Scope and object

This part of IEC 61587 specifies seismic test requirements for chassis, subracks, and plug-in
units as defined in the IEC 60297 and IEC 60917 series. It applies in whole or in part, only to
the mechanical structures of chassis, subracks, and plug-in units for electronic equipment,
according to the IEC 60297 and IEC 60917 series, and does not apply to electronic
components, equipment or systems within the mechanical structures.

NOTE Subracks may be an integral part of a chassis (often called in the industry a shelf or a crate).

The object of this standard is to establish a level of physical integrity of chassis, subracks,
and plug-in units according to IEC 60297 and IEC 60917 series that may provide a level of
survivability that will preserve functionality during and after a seismic occurrence. It is
intended to provide the user with a high level of confidence in the selection of an equipment
practice to meet such needs.

Since IEC 60297 and IEC 60917 series chassis, subracks, and plug-in units come in many
sizes, weights and mechanical( camplexities;itcisy hot possible to define a single minimum
seismic test requirement for all weight categories. Therefore, overall mass categories are
defined in this standard. However, the mass distribution inside a chassis and subrack is
considered “application-specific” and herein’defined-as “intended use”.

The single-axis or tri-axis acceleration for the seismic testing is selectable.

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 Ilatest edition of the referenced document (including any
amendments) applies.

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

IEC 60068-2-47, Environmental testing — Part 2-47: Test — Mounting of specimens for
vibration, impact and similar dynamic tests

IEC 60068-2-57, Environmental testing — Part 2-57: Tests — Test Ff: Vibration — Time-history
and sine-beat method

IEC 60068-3-3, Environmental testing — Part 3-3: Guidance — Seismic test methods for
equipment

IEC 60297 (all parts), Mechanical structures for electronic equipment — Dimensions of
mechanical structures of the 482,6 mm (19 in) series

IEC 60297-3-101, Mechanical structures for electronic equipment — Dimensions of mechanical
structures of the 482,6 mm (19 in) series — Part 3-101: Subracks and associated plug-in units
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IEC 60512-2-1, Connectors for electronic equipment — Tests and measurements — Part 2-1:
Electrical continuity and contact resistance tests — Test 2a: Contact resistance — Millivolt level
method

IEC 60721-2-6, Classification of environmental conditions — Part 2: Environmental conditions
appearing in nature. Earthquake vibration and shock

IEC 60917 (all parts), Modular order for the development of mechanical structures for
electronic equipment practices

IEC 61587-1, Mechanical structures for electronic equipment — Tests for IEC 60917 and
IEC 60297 series — Part 1: Environmental requirements, test set-up and safety aspects for
cabinets, racks, subracks and chassis under indoor conditions

IEC 61587-2, Mechanical structures for electronic equipment — Tests for IEC 60917 and
IEC 60297 — Part 2: Seismic tests for cabinets and racks

IEC 61587-3, Mechanical structures for electronic equipment — Tests for IEC 60917 and
IEC 60297 — Part 3: Electromagnetic shielding performance tests for cabinets and subracks

3 Terms and definitions

For the purposes ofrthisy standard,nthe, termsy-and, definitions - given in IEC 60068-2-6,
IEC 60068-3-3, IEC 60068=2:47"and IEC 60068-2-57, apply as ‘well-as the following.

3.1

intended use

a method of use of the device under-test that’is the same as that recommended by the
manufacturer for actual’service'of" the ‘device, and ‘according-to which the recommended
configuration, bolt size, quantities,’ and torque’values-are’used during testing

chassis
a mechanical structure according to IEC 60917-1. For the purpose of this standard a subrack
may also be an integral part of the chassis

3.2
simulated load boards
simulated mass attached to plug-in units according to IEC 60917-1

3.3

simulated equipment

the total mass of a subrack, chassis with integrated subrack, chassis with components or
plug-in unit fitted with simulated load

3.4

hot swap

managed plug-in units using electromechanical devices in the insertion and extraction process
during actual service

4 Equipment test categories

Equipment (chassis, subracks, and plug-in units) being subjected to seismic testing shall be
defined into one of the following mass categories. The test setup, the test method and
acceptance criteria for the selected category shall be applied throughout the testing.
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Category A1 — Plug-in unit simulated equipment < 1 kg

Category A2 — Plug-in unit simulated equipment > 1 kg and < 2 kg

Category A3 — Plug-in unit simulated equipment > 2 kg and < 5 kg

Category A4 — Plug-in unit simulated equipment > 5 kg and < 10 kg

Category B1 — Chassis or subrack simulated equipment < 23 kg

Category B2 — Chassis or subrack simulated equipment > 23 kg and < 68 kg

Category B3 — Chassis or subrack simulated equipment > 68 kg and < 181 kg

5

5.1

Test waveform and acceleration condition

General

The parameters such as time history, zero period acceleration, damping ratio, and severities
(frequency range, required response spectrum, acceleration per axis) have been derived from
methods stated in IEC 60068-3-3, IEC 60068-2-57 and environment zone 4 as defined in
IEC 60721-2-6.

5.2

General conditions

The tests shall be performed as follows:

a)
b)

c)

d)

f)

g)

5.3

a)
b)

c)
d)

e)

The test waveformjfaorthe seismic, test shall bela synthesized \waveform.

The test shall be performed either with single-axis jor fri=axis condition, as defined in this
standard and reported accordingly.

The duration of the strong part of the time history is defined from the time when the plot
first reaches 25 % of the maximum value-to the time when it falls for the last time to the
25 % level.

The TRS (Test Response Spectrum) shall equal or exceed the RRS (Required Response
Spectrum) as shown in Figure 1 (for single-axis) and Figure 3 (for tri-axis). The damping
ratio of 3 % or 2 % is applied to evaluate the TRS and RRS, and is not applied to the
frequency range less than 0,5 Hz and more than 50 Hz. The value of g (standard
accelerzation of gravity of the earth), is rounded up to the nearest whole number, that is
10 m/s=.

The test waveform shall satisfy the RRS.

It is acceptable that the TRS is lower than the RRS typically found at the frequency range
lower than half or larger than twice the 1St natural frequency, but shall not exceed 20 % of
RRS.

If the TRS does not satisfy the RRS with the limitation of the displacement of the vibration
table, the TRS shall meet at the frequency range equal to or larger than 1 Hz.

Single-axis acceleration
Accelerate each axis of the vibration table independently.

The acceleration of the vibration table is measured during the test as described in 6.2.7 b)
and 6.3.6 b).

The duration of the strong part of the time history shall be equal to or more than 18 s.

The zero period acceleration of the input test wave shall be 16 m/s2, the RRS shall be
according to Figure 1.

The time history of the test wave is per Figure 2.
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Figure 2 — Time history of the test wave (single-axis acceleration)

5.4 Tri-axial acceleration
a) Accelerate the table along the three axes simultaneously.

b) The acceleration of the individual axis differs from each other. The acceleration of the
vibration table is measured during the test as described in 6.2.7 b) and 6.3.6 b).

c¢) The duration of the strong part of the time history shall be equal to or more than 30 s.

d) The required maximum acceleration (zero period acceleration) for the input test waveform
shall be 12 m/s2 for horizontal stroke and 6 m/s2 for the up-and-down stroke, the RRS
shall be according to Figure 3.

e) Examples of the time history for each axis are shown in Figure 4.
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Figure 4 — Time history of the test wave for each axis (tri-axial acceleration)

5.5 Specimen monitoring

a) The functionality of the chassis, subrack or plug-in unit (in accordance to IEC 61587-1,
IEC 61587-3 and the intended use) shall be monitored before and after the seismic test,
and optionally during the test.

b) The chassis, subrack, or plug-in unit structural/mechanical condition shall be verified
before and after testing.
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c) For additional connector LLCR (Low Level Contact Resistance) testing (see 6.2.7 and
6.2.9) monitoring instrumentation shall respond at a rate that is adequate to detect
intermittent malfunctions during testing. Intermittent malfunctioning time, if acceptable, is
considered application specific.

5.6 Seismic simulation

a) The chassis, subrack, or plug-in unit shall be subjected to vibration (resonance and
seismic occurrence) tests along each of the three axes: longitudinal, transverse and
vertical.

b) The chassis, subrack or plug-in unit shall be subjected to the seismic simulation test by
using the reference waveform.

c) The resultant TRS shall be used to determine if the chassis, subrack or plug-in unit has
been subjected to the adequate test level. The TRS shall meet or exceed the RRS over
the frequency range of 1,0 Hz to 50 Hz.

d) As an objective, the TRS should not exceed the RRS by more than 30 % in the amplified
region of the RRS, from 3,0 Hz to 7,0 Hz, to prevent over testing of the chassis, subrack
or plug-in unit.

6 Test setup and parts to be monitored

6.1 General

The seismic test of the chassis, subrack or plug-in unit shall be performed under “intended
use” and simulated load condition. /The\ intent lis to be able o’ undertake the seismic test to
assess the structural/mechanical integrity of a single chassis, a single subrack or a single
plug-in unit.

6.2 Category A — Plug-in units
6.2.1 General

Plug-in units according to IEC 60917 and IEC 60297 series interface with the subrack or
chassis with integrated subrack. Plug-in units occupy a corresponding position (also called a
“slot”) in the subrack. To be able to conduct a seismic test for a single plug-in unit the
corresponding subrack position (slot) and interface condition have to be repeated in the
intended use subrack. The plug-in unit guide feature in the subrack shall reflect the intended
use condition (i.e. guide width, guide depth, guide rigidity, guide material).

e The subrack or chassis shall be pre-qualified to Clause 4 of this standard and comply with
Category B1, B2, or B3.

e The plug-in unit under test shall have the intended use free connector attached. The
corresponding intended use fixed connector in the subrack or chassis with integrated
subrack shall be attached to the subrack as per the intended use.

e The plug-in unit under test shall be inserted into the centre most slot of the subrack and
retained with the intended use retention devices tightened to the recommended torque
values. See Figures 7, 8 and 9.

e The subrack or chassis with integrated subrack test fixture shall be rigid, see Figures 7, 8
and 9. The test fixture shall be designed using the practices outlined in IEC 60068-2-47.
6.2.2 Plug-in unit simulated load

The simulated mass of a plug-in unit is defined in Clause 4, Category A1 to A4. This reflects
the intended use of the plug-in unit consisting of the plug-in unit mass and the added
simulated load.

e For the purpose of testing a plug-in unit shall be loaded with simulated load of suitable
mass (with worst condition in mind) as shown in Figure 5 (intended use A, discrete
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