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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -
Part 2-18: Tests — Test R and guidance: Water

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 60068-2-18 has been prepared by IEC technical committee 104:
Environmental conditions, classification and methods of test.

This third edition cancels and replaces the second edition published in 2000. This edition
constitutes a technical revision.

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

a) addition of the new test method Rb 3.
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The text of this standard is based on the following documents:

FDIS Report on voting
104/719/FDIS 104/722/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 website 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

A number of water tests are described in other IEC publications. Some of them are well
established, for example, the test for classification of the second characteristic numeral of the
IP Code, of IEC 60529.

This document incorporates the majority of the most widely used tests, as well as making
available further methods and increasing the number of severities.
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ENVIRONMENTAL TESTING -

Part 2-18: Tests — Test R and guidance: Water

1 Scope

This part of IEC 60068 provides methods of test applicable to products which, during
transportation, storage or in service, can be subjected to falling water drops, impacting water,
immersion or high pressure water impact. The primary purpose of water tests is to verify the
ability of enclosures, covers and seals to maintain components and equipment in good
working order after and, when necessary, under a standardized drop field or immersion in
water.

These tests are not corrosion tests and cannot be considered and used as such.

Established water tests in other standards are not intended to simulate natural rainfall and
their quoted intensities are too high to be adopted for that purpose. Therefore, in addition to
the high-intensity severities, test R includes an artificial rain test based upon natural
conditions but not taking into account high wind speeds generally associated with natural rain.

Guidance is given on the applicability of the tests and the severities to be selected.

2 Normative references

There are no normative references in this document.

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

ISO and IEC maintain terminological databases for use in standardisation at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
rain
precipitation in the form of water drops

Note 1 to entry: Both the amount that falls and the actual falling action of the water drops are often called rainfall.

3.2

drizzle

precipitation in the form of very small, numerous and uniformly dispersed water drops that
may appear to float while following air currents

3.3
raindrop
drop of water having a diameter greater than 0,5 mm falling through the atmosphere
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3.4
drizzledrop
drop of water having a diameter of 0,2 mm to 0,5 mm falling through the atmosphere

3.5

R

rainfall or drizzle intensity
amount that falls per unit of time

Note 1 to entry: Rainfall intensity (R) is given in millimetres per hour (mm/h) where 1 1/(m?2 - h) equals 1 mm/h.

3.6

Dsq

median volume diameter

diameter of a drop whose size is such that 50 % of the volume of water reaching the ground is
comprised of smaller (or larger) drops

Note 1 to entry: Median volume diameter can be calculated using the formula:
Dgy = 1,21 R (mm)

where R is the rainfall intensity (see 3.5).
4 Survey of water tests

4.1 General

This survey indicates the general structure of the various tests included in this document.
The structuring of the different tests is given in Figure 1.

4.2 Description of tests R: water
The water tests are structured into three groups.

e Ra: "falling drops" which, in principle, is a test with artificial rain and a test simulating
falling drops from condensation or leakage.

e Rb: "impacting water" where water jets impinge upon the test specimen with a certain
force and may assume any angle towards the test specimen.

e Rc: "immersion" where the test specimen is immersed in water to specified depths or
equivalent pressures.
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Water tests
R
Falling drops Impacting water Immersion
Ra Rb i Rc
Method Ra 1 Method Rb 1 Mvs”t‘OdtRck1
e . ater tan

Artificial rain _ Method Rb 1.1 IPX7

Oscillating tube

IPX3 and IPX4

or —

— Method Rb 1.2

Spray nozzle

(Hand-held shower)

IPX3 and IPX4
Meth_od Ra 2 Method Rb 2 Method Rc 2

Drip box S Water jet Pressurized water
IPX1 and IPX2 IPX5 and IPX6 chamber
Method Rb 3
Fan jet —
IPX9

IEC

Figure 1 — Structuring of test methods and equivalence with the IP Code of IEC 60529

5 Test Ra: falling drops

5.1 Object

This test is applicable to products which, during transportation, storage or in service may be
exposed to vertical falling drops, the origin of these being, for example, natural rain, seepage
or condensation. It shall be clearly stated in the relevant specification whether a product
hereinafter referred to as a specimen has to function during testing or merely to survive
conditions of falling drops. In either case, the relevant specification shall always specify the
acceptable tolerances in performance.

5.2 Method Ra 1: artificial rain
5.21 General description of the test

The test specimen is mounted on an appropriate fixture or base support. It is then subjected
to falling waterdrops, which simulate natural rain.

The basic requirements for the test apparatus are as follows.

e Drop-generating nozzle or nozzles (see C.2.1 and Figure C.1).

e Fixture for the specimen Documents
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The fixture shall simulate as far as possible the mounting of the specimen when in service;
for example, for wall-mounted equipment the fixture shall simulate a wall.

e Support of the test specimen

The support shall have a base area which is smaller than the base area of the specimen.
The support shall be either a turntable which has a rotation speed of 1 r/min and the
eccentricity (distance between turntable axis and specimen axis) is approximately
100 mm, or a table which does not turn. The support shall be able to hold the specimen in
any test position and, if necessary, be tilted to a maximum of 90° from the vertical plane.

o Water supply with controls

The water used for the test shall be fresh tap water of good quality. In order to avoid
clogging of the nozzles, the water shall be filtered and may be demineralized. Details of
the characteristics of the water are given in Annex A. During the test, the water
temperature shall not differ by more than 5 K from the temperature of the specimen under
test. If the water temperature is more than 5 K below the temperature of the specimen, a
pressure balance shall be provided for the specimen.

5.2.2 Severities

The severities, as indicated by intensity (and associated drop-size distribution), duration and
tilt angle of specimen shall be specified in the relevant specification. The values shall be
selected from those given below, a longer duration may be specified in the relevant
specification. Wind-driven rain is not simulated by this test as the wind velocity is not a
parameter of test.
e Intensity, mm/h and (associated drop-size distribution, mm):

10 £5 (D59 = 1,9+ 0,2); 100 £ 20 (Dgy = 2,9 £ 0,3); 400 £ 50 (D5y = 3,8 + 0,4).
e Duration, min:

10, 30, 60, 120.
o Tilt angle a, degrees:

0, 15, 30, 60, 90.

5.2.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

5.2.4 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks specified in
the relevant specification. All features of the specimen likely to affect the test result, for
example surface treatment, enclosures, covers or seals, shall be inspected to ensure that the
instructions of the relevant specification have been followed.

5.2.5 Testing
The specimen shall be mounted on the support either

e in its normal operating position, as specified in the relevant specification; or

e tilted from the normal operating position and provision made for rotating the specimen in a
plane perpendicular to the tilted axis. The rotation may be achieved by a rotating support
table or by repositioning the specimen at regular intervals during the test. Alternatively,
the specimen can be oscillated through an arc of 270° to avoid the need for slip-ring
contacts.

The relevant specification shall specify the tilt angle or angles, the face or faces to be
exposed to the drop field and the duration of exposure for each side, or whether the specimen
shall be continuously rotated or oscillated through 270°. See also Figure 2. Documents
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The specimen shall be subjected to artificial rain with severities selected from 5.2.2 and
specified in the relevant specification.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing the specimen in the energized
condition.

5.2.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

Z,

N
o

———— e

Tilt angle

Gimballed and rotatable table

IEC

Figure 2 — Test Ra, definitions of angles and axes

5.2.7 Final measurements

The specimen shall be examined for ingress of water and submitted to visual, dimensional
and functional checks specified in the relevant specification.

Any ingress of water should be quantified if possible and reported.

5.2.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required in
the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.
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Subclause
a) Severities” 5.2.2
b) Preconditioning 523
c) Initial measurements™ 524
d) Mounting of specimen* 5.2.5
e) Specimen position or positions during testing* 5.2.5
f) State of the specimen during testing* 5.2.5
g) Intermediate measurements 5.2.5
h) Recovery 5.2.6
i) Final measurements* 5.2.7

5.3 Method Ra 2: drip box
5.3.1 General description of the test

The test specimen is mounted on an appropriate fixture placed under the drip box. The test
specimen is subjected to water drops, which simulate water falling as a result of condensation
or leakage.

The basic requirements for the test apparatus are as follows.

e Drip box

The drip box shall normally have a base area larger than the projected area of the
specimen. If the base of the drip box is smaller than that of the specimen under test, the
latter may be divided into several sections, the area of each section being large enough to
be covered by the dripping water. The test is continued until the whole area of the
specimen has been sprinkled for the specified time. The drip box shall be capable of
providing a uniform drop field with a precipitation of the specified intensity.

The grid pattern of the nozzles shall be 20 mm (for IP Code tests) or 25 mm. The distance
from the bottom of the drip box to the highest point of the specimen shall be adjustable to
either 0,2 m or 2 m. A suitable drip-box layout is described in C.2.2 and in Figure C.2.

e Fixture for the specimen

The fixture shall simulate as far as possible the mounting of the specimen when in service;
for example, for wall-mounted equipment the fixture shall simulate a wall.

e Support of the test specimen

The support shall have a base area which is smaller than the base area of the specimen.
The support shall either be a turntable which has a rotation speed of 1 r/min and an
eccentricity (distance between turntable axis and specimen axis) of approximately
100 mm, or a table which does not turn. The support shall be able to hold the specimen in
any test position and, if necessary, be tilted to a maximum of 45° from the vertical plane.

o Water supply with controls

The water used for the test shall be fresh tap water of good quality. In order to avoid
clogging of the nozzles, the water shall be filtered and may be demineralized. Details of
the characteristics of the water are given in annex A. During the test, the water
temperature shall not differ by more than 5 K from the temperature of the specimen under
test. If the water temperature is more than 5 K below the temperature of the specimen, a
pressure balance shall be provided for the specimen.

5.3.2 Severities

The severities, as indicated by drop falling height, tilt angle of specimen, duration and water
intensity, shall be specified in the relevant specification. The values shall be selected from the
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e Drop falling height, (%), m: 0,2; 2
o Tilt angle a, degrees: 0; 15; 30; 45
e Duration, min: 3; 10; 30; 60

NOTE The 3 min duration applies only when a tilt angle of 0° is specified.

e Water intensity, mm/h: 60*39; 18033

5.3.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

5.34 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks specified in
the relevant specification. All the features of the specimen likely to affect the test result, for
example, surface treatment, covers or seals, shall be inspected to ensure that the instructions
of the relevant specification have been followed.

5.3.5 Testing

The specimen shall be mounted on the support in its normal operating position under the drip
box. The support shall then either be rotated or tilted to the specified angle in each of the four
positions of tilt. These positions are on either side of the vertical in two mutually perpendicular
planes. If a special mounting condition is required (for example, wall or ceiling), it shall be
specified in the relevant specification.

In both cases, the test shall be carried out in the conditions specified in 5.3.1 and the severity
selected from 5.3.2.

In the case of tilted support, the duration shall be divided equally between the four positions.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made. Appropriate safety precautions shall be
taken when testing the specimen in the energized condition.

5.3.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

5.3.7 Final measurements

The specimen shall be examined for ingress of water and submitted to visual, dimensional
and functional checks specified in the relevant specification.

Any ingress of water should be quantified if possible and reported.

5.3.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required
in the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.
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Subclause
a) Severities” 5.3.2
b) Preconditioning 5.3.3
c) Initial measurements™ 5.3.4
d) Mounting of specimen* 5.3.5
e) Specimen position or positions during testing* 5.3.5
f) State of the specimen during testing* 5.3.5
g) Intermediate measurements 5.3.5
h) Recovery 5.3.6
i) Final measurements* 5.3.7

6 Test Rb: impacting water

6.1 Object

This test is applicable to products which, during transportation, storage or in service may be
subjected to impacting water. The origin for this can be water from cloudbursts, heavy driving
rain, sprinkler systems, pressure cleaning, spray from wheels, sluicing or breaking seas. The
relevant specification should clearly specify whether a product tested separately, hereinafter
referred to as a specimen, has to function during testing or merely survive conditions of
impacting water. In either case, the relevant specification shall always specify the acceptable
tolerances in performance.

6.2 Method Rb 1: oscillating tube and spray nozzle
6.2.1 General description of the test

The tests are intended to simulate spraying or splashing water, for example, the results of
water action of sprinkler systems. Guidance for this test is given in Annex D. The test is made
using either the test device described in Figure D.1 or the test device described in Figure D.3
in accordance with the relevant specification. The test specimen is mounted on an appropriate
fixture and is subjected to impacting water generated from either a semicircular tube or a
spray nozzle.

6.2.2 Method Rb 1.1: oscillating tube
6.2.2.1 Test apparatus
The basic requirements for the test apparatus are as follows.

e Oscillating tubes

Three types of tube may be used. The tube shall be provided with nozzles of either
0,4 mm diameter for type 1 and type 2 or 0,8 mm diameter for type 3, at a 50 mm
centre-to-centre distance over an arc of 60° on either side of the vertical for type 1 or 90°
on either side of the vertical for type 2 and type 3. The tube shall be able to oscillate
through an angle of 60° on either side of the vertical for type 1 or 180° on either side of
the vertical for type 2 and type 3.

The maximum acceptable radius of the oscillating tubes, type 1 and type 2 is 1 600 mm.
For oscillating tube type 3, the radius shall not exceed 800 mm. The radius shall be
selected in such a way that the clearance between the specimen and the inside of the tube
does not exceed 200 mm.

The relationship between the number of nozzles, each having a mean flow rate of
0,07 I/min or 0,6 I/min and the total flow rate is given in Table 2.

A suitable apparatus is shown in Figure D.1. Documents
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e Fixture for the specimen

The fixture shall simulate as far as possible the mounting structure to be used in the real
use of products; for example, for wall-mounted equipment, the fixture shall simulate a wall.

e Support for the specimen

The support for the specimen shall not be perforated for type 1 and shall be suitably
perforated for type 2 and type 3.

o Water supply with controls

The water used for the test shall be fresh tap water of good quality. In order to avoid
clogging of the nozzles, the water shall be filtered and may be demineralized. Details of
the characteristics of the water are given in Annex A. During the test, the water
temperature shall not differ by more than 5 K from the temperature of the specimen under
test. If the water temperature is more than 5 K below the temperature of the specimen, a
pressure balance shall be provided for the specimen.

6.2.2.2 Severities

The severities as indicated by the nozzle angle, water flow rate per hole, tube oscillating
angle and duration shall be specified in the relevant specification. The values shall be
selected from those given below.

Any combination of water test severities can be chosen independently. In this case, such a
combination shall be stated in the relevant specification.

Type 1 tube

e Nozzle angle o, degrees +60

o Water flow per hole, I/min 0,07 (1 £ 5 %)
e Tube oscillating angle pB,degrees +60

e Duration, min 2x5

Type 2 tube

e Nozzle angle o, degrees +90

Water flow per hole, I/min
Tube oscillating angle, B degrees

Duration, min

0,07 (1 £ 5 %)
+180 (approximately)
10, 30, 60

Type 3 tube
e Nozzle angle o, degrees +90
e Water flow per hole, I/min 0,6 £ 0,03

In some cases, the relevant specification may specify a longer duration.

6.2.2.3

Preconditioning of the specimen and seals shall be carried out if specified in the relevant

Tube oscillating angle, B degrees

Duration, min

Preconditioning

specification.

6.2.2.4

Initial measurements

+180 (approximately)
2x5

The specimen shall be submitted to the visual, dimensional and functional checks Eﬁ@;@ents
the relevant specification. All features of the specimen likely to affect the test rasufts,
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surface treatment, covers or sealing, shall be inspected to ensure that the instructions of the
relevant specification have been followed.

6.2.2.5 Testing

Three types are described:
Type 1:

The specimen to be tested shall be attached to a fixture, if specified, and shall be placed on
the support in its normal operational attitude. For this test, the support shall not be perforated.
An oscillating tube as described in Figure D.1, with nozzles over an arc of 60° on either side
of vertical shall be chosen having a radius to meet the dimensional requirements of the test
specimen. The maximum radius is 1 600 mm. If the test specimen is too large, the spray
nozzle test shall be used. The tube is caused to oscillate through an angle of 60° on either
side of vertical. The time taken for one complete oscillation from +60° to -60° to +60° shall be
approximately 4 s.

Water flow shall be set to the required rate given in Table 1.
The duration of the test shall be 5 min.

The test specimen shall be turned through a horizontal angle of 90° and the test shall be
continued for a further 5 min.

If it is not possible to wet all parts of the test specimen, the support shall be moved up and
down or the spray nozzle test shall be used.

The relevant specification shall state whether the specimen shall be operated during the test
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing in the energized condition.

Table 1 — Oscillating tube — Relationship of number of nozzles
and total water flow to tube radius

Type 1 Type 2 Type 3
Tube Number Total Number Total Number Total
radius R of open water flow of open water flow of open water flow
nozzles nozzles nozzles
mm NE I/min NA I/min NA I/min
200 8 0,56 12 0,84 12 7,2
400 16 1,1 25 1,8 25 15,0
600 25 1,8 37 2,6 37 22,2
800 33 2,3 50 3,5 50 30,0
1000 41 2,9 62 4,3 - -
1200 50 3,5 75 5,3 - -
1400 58 4,1 87 6,1 - -
1600 67 4,7 100 7,0 - -
2 Depending on the actual arrangement of nozzle centres at the specified distance, the number of open nozzles
N may be increased by 1.

Documents

Document Sharing Hub

Full document details: IEC 60068-2-18 2017


http://avadocuments2026.com/doc/iec-60068-2-18-2017
http://avadocuments2026.com/doc/iec-60068-2-18-2017

-18 - IEC 60068-2-18:2017 © IEC 2017
Type 2:

The test is the same as for type 1 with the following differences:

e the support shall be perforated unless specified otherwise in the relevant specification;
e the oscillating tube shall have nozzles over an arc of 90° on either side of vertical;
o the tube shall oscillate through an angle of almost 360°, 180° on either side of vertical;

o the time taken for one complete oscillation, from +180° to —-180° to +180° shall be
approximately 12 s;

e the test duration shall be selected from 6.2.2.2;

e the test specimen is not turned through a horizontal angle of 90° and the test is not
continued for any further time;

e the relevant specification shall specify the orientation if it affects the severity of the test.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing in the energized condition.
Type 3:

The test is the same as for type 2 with the following differences:

e the test duration is 2 x 5 min; that is after 5 min of test, the specimen is turned through a
horizontal angle of 90° and the test is continued for a further 5 min.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing in the energized condition.

6.2.2.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

6.2.2.7 Final measurements

The specimen shall be examined for ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification.

Any ingress of water shall be quantified if possible and reported.

6.2.2.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required
in the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.
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Subclause
a) Severities” 6.2.2.2
b) Preconditioning 6.2.2.3
c) Initial measurements™ 6.2.2.4
d) Mounting of specimen* 6.2.2.5
e) Specimen position or positions during testing* 6.2.2.5
f) State of the specimen during testing* 6.2.2.5
g) Intermediate measurements 6.2.2.5
h) Recovery 6.2.2.6
i) Final measurements* 6.2.2.7

6.2.3 Method Rb 1.2: spray nozzle
6.2.3.1 Test apparatus
The basic requirements for the test apparatus are as follows.

e Spray nozzle (also known as hand-held shower)

A spray nozzle with a spray cone of 78° and a moving shield which is able to limit the
upper part of the spray cone to 30° from the horizontal. The shield may be removed as
specified. The spray nozzle shall have a delivery rate of 10 I/min £ 5 % which necessitates
a water pressure of 50 kPa to 150 kPa (0,5 bar to 1,5 bar) (see Figure D.3).

e Fixture for the specimen

The fixture shall simulate as far as possible the mounting structure to be used in real use
of products; for example, for wall-mounted equipment, the fixture shall simulate a wall.

e Support for the specimen

The support for the specimen shall have a base area which is smaller than the base area
of the specimen or be suitably perforated.

o Water supply with controls

The water supply shall be capable of delivering, in a stable flow, at least 10 I/min. The
water used for the test shall be fresh tap water of good quality. In order to avoid clogging
of the holes, the water shall be filtered and may be demineralized. Details of the
characteristics of the water are given in Annex A. During the test, the water temperature
shall not differ by more than 5 K from the temperature of the specimen under test. If the
water temperature is more than 5 K below the temperature of the specimen, a pressure
balance shall be provided for the specimen.

6.2.3.2 Severities

The specimen surfaces to be sprayed, if not all, shall be specified. The severities as indicated
by the use of the shield or not and the test duration shall be specified in the relevant
specification. The severities shall be selected from those given below.

e Moving shield: in use, removed.

e Test duration, min/m? test surface, calculated with a tolerance of +10 % (subject to a
minimum duration, min)

1 (5); 3 (15); 6 (30).

In some cases, the relevant specification may specify a longer duration.
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6.2.3.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

6.2.3.4 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks specified in
the relevant specification. All features of the specimen likely to affect the test result, such as
surface treatment, covers or sealing, shall be inspected to ensure that the instructions of the
relevant specification have been followed.

6.2.3.5 Testing

The specimen shall be mounted as described in the oscillating tube test procedure (6.2.2.5
type 1 or type 2). The water pressure shall be adjusted to give a delivery rate of
10 (1 £ 5 %) I/min. It shall be kept constant throughout the test. The specified surfaces shall
be sprayed for the specified duration and from a distance of (0,4 £ 0,1) m. When the spray
nozzle is used as an alternative to the oscillating tube type 2, the moving shield shall be
removed and the spray shall be applied at +180° from vertical.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing in the energized condition.

6.2.3.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

6.2.3.7 Final measurements

The specimen shall be examined for ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification.

Any ingress of water shall be quantified if possible and reported.

6.2.3.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required in
the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.
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Subclause
a) Severities” 6.2.3.2
b) Preconditioning 6.2.3.3
c) Initial measurements™ 6.2.3.4
d) Mounting of specimen* 6.2.3.5
e) Specimen position or positions during testing* 6.2.3.5
f) State of the specimen during testing* 6.2.3.5
g) Intermediate measurements 6.2.3.5
h) Recovery 6.2.3.6
i) Final measurements® 6.2.3.7

6.3 Method Rb 2: water jet
6.3.1 General description of the test

The test specimen is mounted on a fixture. The test specimen is subjected to a water jet
which should simulate wheel spray, or breaking seas. The standard test nozzle is described in
D.2.2 and Figure D.4.

The basic requirements for the test apparatus are:

e Hose nozzle

The hose nozzle shall give a solid water jet and have a free diameter of 6,3 mm and
12,5 mm for the small and large nozzle respectively (see Figure D.4).

e Fixture for the specimen

The fixture shall simulate as far as possible the mounting structure to be used in the real
use of products; for example, for wall-mounted equipment, the fixture shall simulate a wall.

The fixture for the specimen shall have a base area which is smaller than the base area of
the specimen or be suitably perforated.

The fixture shall have a sufficient strength and stability to withstand the hydrodynamic
effect of the water jet.

e Water supply with controls

The water supply shall be fresh tap water of good quality and shall be capable of
delivering at least 100 I/min. The water pressure should be at least 100 kPa at this flow or
1 000 kPa when using the small nozzle. During the test, the water temperature shall not
differ by more than 5 K from the temperature of the specimen under test. If the water
temperature is more than 5 K below the temperature of the specimen, a pressure balance
shall be provided for the specimen.

6.3.2 Severities

The severities as indicated by the choice of hose nozzle size, flow rate and test duration shall
be specified in the relevant specification. The values shall be selected from those given
below:

6,3 mm nozzle

e Flow rate, I/min (and corresponding approximate supply pressure, kPa)
75 (1£5 %) (1 000)

e Duration, min/m? of the test surface, calculated with a tolerance of +10 % (subject to a
minimum duration, min)

0,3 (1) Documents
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6,3 mm nozzle
e Flow rate, I/min (and corresponding approximate supply pressure, kPa)
12,5 (1 £ 5 %) (30)

e Duration, min/m?2 of the test surface, calculated with a tolerance of £10 % (subject to a
minimum duration, min)

1(3); 3(10)
12,5 mm nozzle

e Flow rate, I/min (and corresponding approximate supply pressure, kPa)
100 (1 £ 5 %) (100)

e Duration, min/m2 of the test surface, calculated with a tolerance of +10 % (subject to a
minimum duration, min)

1(3); 3(10); 10 (30)
6.3.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

6.3.4 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks specified in
the relevant specification. All features of the specimen likely to affect the sealing shall be
inspected to ensure that the instructions of the relevant specification have been followed.

6.3.5 Testing

The specimen shall be mounted on the fixture in its normal operating position.

The distance from the nozzle to the specimen shall be 2,5 m + 0,5 m. This distance may be
reduced if necessary to ensure proper wetting when spraying upwards. At a distance of 2,5 m
from the nozzle, the substantial part of the water jet shall be within a circle of 40 mm for the
6,3 nozzle and 120 mm for the 12,5 mm nozzle.

Unless otherwise specified in the relevant specification, the specimen shall be sluiced on all
faces from all practicable directions with a stream of water from a standard test nozzle as
shown in Figure D.4.

The size of nozzle, flow rate and test duration shall be as specified in the relevant
specification, selected from 6.3.2.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing specimens in the energized
condition.

6.3.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.
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6.3.7 Final measurements

The specimen shall be examined for ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification.

Any ingress of water shall be quantified if possible and reported.

6.3.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required
in the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.

Subclause
a) Severities” 6.3.2
b) Preconditioning 6.3.3
c) Initial measurements® 6.3.4
d) Mounting of specimen* 6.3.5
e) Specimen position or positions during testing* 6.3.5
f) State of the specimen during testing* 6.3.5
g) Intermediate measurements 6.3.5
h) Recovery 6.3.6
i) Final measurements*® 6.3.7

6.4 Method Rb 3: fan jet
6.4.1 General description of the test

The test is made by spraying the enclosure with a stream of water from a standard test nozzle
as shown in Figures D.7, D.8 and D.9.

The set-up for measuring the impact force of the water jet is given in Figure D.10.

The distribution force shall be verified at upper and lower limits of the distance tolerance
range (see Figure D.11).

The basic requirements for the test apparatus are as follows.

e Jet nozzle

The jet nozzle shall give a water fan jet and have an oval-shaped water stream (see
Figure D.5).

e Fixture for the specimen

The fixture shall simulate as far as possible the mounting structure to be used in the real
use of products; for example, for wall-mounted equipment the fixture shall simulate a wall.

The fixture for the specimen shall have a base area which is smaller than the base area of
the specimen or be suitably perforated.

The fixture shall have a sufficient strength and stability to withstand the hydrodynamic
effect of the water jet.

e Turntable

The turntable shall rotate with a speed of 5 r/min + 1 r/min.
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The water supply shall be fresh tap water of good quality and shall be capable of
delivering water at at least 15 I/min and with a water temperature of 80 °C.

6.4.2 Severities

The water pressure shall be adjusted to give a delivery rate of (15 + 1) I/min and the water
temperature shall be (80 = 5) °C.

a) For small enclosures (largest dimension less than 250 mm), the enclosure shall be
mounted on the test device shown in Figure D.10:
— turntable speed: 5 r/min £ 1 r/min;
— spray positions: 0°, 30°, 60°, 90°;
— distance between nozzle and sample under test shall be 125 mm + 25 mm.
The test duration is 30 s per position.

b) For large enclosures (largest dimension greater than or equal to 250 mm), the enclosure
shall be mounted as per its intended use. The entire exposed surface area of the
enclosure shall be subjected to the spray at some point during the test procedure:

— spray positions: the enclosure shall be sprayed from all practical directions covering
the entire surface area and the spray shall be, as far as possible, perpendicular to the
sprayed surface.

— distance between nozzle and sample under test shall be 175 mm + 25 mm.

The test duration is 1 min/m?2 of the calculated surface area of the enclosure (excluding any
mounting surface), with a minimum duration of 3 min.

6.4.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

6.4.4 Initial measurements
The specimen shall be submitted to the visual, dimensional and functional checks specified in

the relevant specification. All features of the specimen likely to affect the sealing shall be
inspected to ensure that the instructions of the relevant specification have been followed.

6.4.5 Testing

The test method a) or b) in 6.4.2 shall be selected based on the dimensions of the specimen.
The specimen shall be mounted on the fixture in its normal operating position.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken for highly pressurized and high-temperature
water spray and when testing specimens in the energized condition.

6.4.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

6.4.7 Final measurements

The specimen shall be examined for ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification. ocuments
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Any ingress of water shall be quantified if possible and reported.

6.4.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required
in the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.

Subclause
a) Severities” 6.4.2
b) Preconditioning 6.4.3
c) Initial measurements™ 6.4.4
d) Mounting of specimen® 6.4.5
e) Specimen position or positions during testing* 6.4.5
f) State of the specimen during testing* 6.4.5
g) Intermediate measurements 6.4.5
h) Recovery 6.4.6
i) Final measurements* 6.4.7

7 Test Rc: immersion

7.1 Object

This test is applicable to products which are designed to be resistant to ingress of water, and
which, during transportation or in service, may be subjected to immersion. It shall be clearly
stated in the relevant specification whether a product tested separately, hereinafter referred to
as a specimen, has to function during testing or merely to survive conditions of immersion in
water. In either case, the relevant specification shall always specify the acceptable tolerances
in performance.

Normally, fresh tap water is used. If, however, a test is to be made in sea water, this shall be
stated in the relevant specification together with the characteristics of the sea water.

The relevant specification may call for measurements of resistivity and pH values.

7.2 Method Rc 1: water tank
7.21 General description

The test specimen is subjected to a specified pressure by immersion in a water tank at a
specified depth. After testing, the specimen is examined with respect to ingress of water and
checked for possible changes of characteristics.

7.2.2 Severities

The severities indicated by head of water and duration shall be specified in the relevant
specification. The values shall be selected from those given below.

e Head of water, m
0,15;0,4;1; 2; 5

The head of water is defined here as the distance from the surface of the water to the

uppermost point of the specimen. Documents
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e Duration, h
0,5; 2; 24

7.2.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

7.2.4 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks specified in
the relevant specification. All features of the specimen likely to affect the sealing shall be
inspected to ensure that the instructions of the relevant specification have been followed.

7.2.5 Testing

The specimen shall be fixed in the position as specified in the relevant specification and shall
be completely immersed in a water tank. A water soluble dye such as fluorescein may be
added to the water in order to facilitate indication of leakage.

The specimen shall be subjected to the head-of-water value and for the duration specified in
the relevant specification, selected from 7.2.2.

The initial water temperature shall be between the specimen temperature and 5 K lower. The
water temperature shall under no circumstances exceed 35 °C.

The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing the specimen in the energized
condition.

7.2.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

7.2.7 Final measurements

The specimen shall be examined for the ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification.

Any ingress of water shall be quantified if possible and reported.

7.2.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required in
the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.
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Subclause
a) Composition of sea water if specifed 7.1
b) Resistivity and pH values of water (test apparatus) 7.1, E1
c) Severities* 7.2.2
d) Preconditioning 7.2.3
e) Initial measurements* 7.2.4
f) Mounting of specimen*® 7.2.5
g) State of the specimen during testing* 7.2.5
h) Intermediate measurements 7.2.5
i) Recovery 7.2.6
j) Final measurements*® 7.2.7

7.3 Method Rc 2: pressurized water chamber
7.3.1 General description of the test
The test specimen is subjected to a specified pressure by complete immersion in water in a

pressurized water chamber. After testing, the specimen is examined for ingress of water and
checked for possible changes of characteristics.

7.3.2 Severities

The severities indicated by the pressure in the chamber and the duration shall be specified in
the relevant specification. The values shall be selected from those given below.

e Overpressure kPa (equivalent head of water, m):

20 (2) 50 (5) 100 (10) 200 (20) 500 (50)
1 000 (100) 2 000 (200) 5 000 (500) 10 000 (1 000)

e Duration: h
2 24 168

7.3.3 Preconditioning

Preconditioning of the specimen and seals shall be carried out if specified in the relevant
specification.

7.3.4 Initial measurements
The specimen shall be submitted to the visual, dimensional and functional checks specified in

the relevant specification. All features of the specimen likely to affect the sealing shall be
inspected to ensure that the instructions of the relevant specification have been followed.

7.3.5 Testing

The specimen shall be placed in the position as specified in the relevant specification and
shall be completely immersed in a pressurized water chamber. A water soluble dye such as
fluorescein may be added to the water in order to facilitate indication of leakage.

The specimen shall be subjected to the pressure value and for the duration specified in the
relevant specification selected from 7.3.2.

During the test the water shall not differ by more than 5 K from the temperature of the
specimen under test. The water temperature shall not exceed 35 °C.
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The relevant specification shall state whether the specimen shall be operated during testing
and if intermediate measurements shall be made.

Appropriate safety precautions shall be taken when testing the specimen in the energized
condition.

7.3.6 Recovery

Unless otherwise required in the relevant specification, the specimen shall be thoroughly
dried externally by wiping or by applying low-velocity forced air at room temperature.

7.3.7 Final measurements

The specimen shall be examined for ingress of water, and submitted to the visual,
dimensional and functional checks specified in the relevant specification.

Any ingress of water shall be quantified if possible and reported.

7.3.8 Information to be given in the relevant specification

Where this test is included in the relevant specification, the following details shall be given in
so far as they are applicable. The relevant specification shall supply information as required
in the subclauses listed below, paying particular attention to the items marked with an asterisk
(*) as this information is always required.

Subclause
a) Composition of sea water if specified 7.1
b) Resistivity and pH values of water (test apparatus) 7.1, E.3
c) Severities* 7.3.2
d) Preconditioning 7.3.3
e) Initial measurements* 7.3.4
f) Mounting of specimen*® 7.3.5
g) State of the specimen during testing* 7.3.5
h) Intermediate measurements 7.3.5
i) Recovery 7.3.6
j) Final measurements® 7.3.7
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