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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 5: Degrees of protection provided by the integral design

——of rotatingetectricatmachines{tPcode)=—Classification——

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all najional
elgctrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on|all
qupstions concerning standardization in the electrical and electronic fields. To this end and in*addition to other activitigs, IEC
puplishes International Standards, Technical Specifications, Technical Reports, PubliclyAvailable Specifications (PA$) and
Gyides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to’teehnical committees; any IEC
Ndtional Committee interested in the subject dealt with may participate in this preparatory work. International, governmental
anf non-governmental organizations liaising with the IEC also participate in this¢goreparation. IEC collaborates closely jwith
the International Organization for Standardization (ISO) in accordance with conditions determined by agreement betwgen
thg two organizations.

2) Th formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an international cons¢nsus
of ppinion on the relevant subjects since each technical committee has representation from all interested IEC Nationa
Cdmmittees.

3) IEC Publications have the form of recommendations for interfiational 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, [[EC
capnot be held responsible for the way in which they arg{used or for any misinterpretation by any end user.

4) In prder to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparenfly to
thg maximum extent possible in their national and'regional publications. Any divergence between any IEC Publication|and
thg 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 assessmgnt
sefvices and, in some areas, access to1EC marks of conformity. IEC is not responsible for any services carried out by
independent certification bodies.

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

7) Nd liability shall attach to JIEC:er its directors, employees, servants or agents including individual experts and members of its
teghnical committees and\[EC National Committees for any personal injury, property damage or other damage of any pature
wHatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication, use of,
or feliance upon, this\IEC Publication or any other IEC Publications.

8) Atfention is drawn to the Normative references cited in this publication. Use of the referenced publications is indispengable
for{the correet-application of this publication.

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

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60034-5 has been prepared by IEC technical committee 2: Rotating
machinery.

This

fifth edition cancels and replaces the fourth edition, published in 2000, and its
Amendment 1:2006. This edition constitutes a technical revision.

The main technical changes with respect to the previous edition are:

e the inclusion of an additional second numeral 9 including its test method,

e an additional note for clarification in Table 3,

e a

clarification on the term open drain hole,

e a
p
e a
a

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

clarification on the ingress of dust in Table 4,
essure values given now in Pa only,
clarification in the scope on the applicability of this standard for (Ex) motors,

new Clause 3 with definitions,

CbhV Report on voting
2/1960/CDV 2/1972A/RVC

Full information on the voting for the approval of this International Standard can be found in the
repoft on voting indicated in the above table.
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
A list of all parts in the IEC 60034 series, published under the general title Rotating eledtrical
machines, can be found on the IEC website;
The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date;the document will be
e rgconfirmed,
o wjithdrawn,
o rgplaced by a revised.\edition, or
e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it

con
con

ains colours which are considered to be useful for the correct understanding of its



https://iecnorm.com/api/?name=de3b65cac87f4ea06c84ef7bb4c180cb

-6- IEC 60034-5:2020 RLV © IEC 2020
ROTATING ELECTRICAL MACHINES -
Part 5: Degrees of protection provided by the integral design
of rotating electrical machines (IP code) — Classification

1 $cope-and-object
This [part of IEC 60034 applies to the classification of degrees of protection/provided by
enclgsures for rotating electrical machines. It defines the requirements for protective enclogures
that are in all other respects suitable for their intended use and which, from‘the point of view of
matefials and workmanship, ensure that the properties dealt with~int this document are
maintained under normal conditions of use.
P dbareas of nrotection-aasinet mechanical damaae of the maehiné _or conditions such as moidture

U grybouirprutuouy Tgdiot oo uar 'U'&-‘-’ e U o, YirourTd '-'.V' A s Al
Py the reauirements for harriers aexternal-to-the -enclosivre' which-have to be nrovided-solelv-for-t

the requirements-for barriers-external-to-the-enclosure-which-have to-be provided-solely for th

cfichretecmennch
This [document does not specify degrees *of protection against mechanical damage of the
maclhline, or conditions such as moistureifproduced for example by condensation), corrpsive
dust pnd vapour, fungus or vermin.
This focument is also applicable torexplosion proof machines, but it does not specifiy the fypes
of prptection for use in a potentially explosive (dust, gas) environment. Those are defined in the
IEC 0079 series of standards,
In certain applications. \(such as agricultural or domestic appliances), more extensive
precautions against accidental or deliberate contact may be specified.
This [document gives definitions for standard degrees of protection provided by enclosures
applifable to retating electrical machines as regards the:
a) pfotection'of persons against contacts with or approach to live parts and against contact with

nmoving-parts (other than smooth rotating shafts and the like) inside the enclosure and protectfon of

tHe miachine against ingress of solid foreign objects;

b) protection of machines against the harmful effects due to ingress of water;

c) protection of machines against the harmful effects due to ingress of dust.

It gives designations for these protective degrees and tests to be performed to check that the
machines meet the requirements of this document.

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

IEC 60034-6, Rotating electrical machines — Part 6: Methods of cooling (IC code)

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

ISO and IEC maintain terminological databases for use in standardization @{the follqwing
addresses:

e |BC Electropedia: available at http://www.electropedia.org/
e |30 Online browsing platform: available at http://www.iso.org/obp

3.1
closdd machine

machine where no medium from the surrounding medium, for, tHe)purpose of cooling, passes throjugh
the mlachine

[SOURCE: IEC 60050-411:1996, 411-44-17]

3.2
open|machine

machiine with an open cooling circuit in whiéh the coolant is drawn directly from the surrounding
medirm passing through the machine and*then returning directly to the surrounding medium

[SOURCE: IEC 60050-411:1996, 411-44-16]

4 Designation

4.1 General

The fesignation_used for the degree of protection consists of the letters IP followed by two
characteristic niumerals signifying conformity with the conditions indicated in the tablg¢s of
Clauses 5 and 6 respectively.

4.2 | Single characteristic numeral

When 1T 1s required to indicate a degree of proiection by only one characierisiic numeral, the
omitted numeral shall be replaced by the letter X, for example IPX5 or IP2X.

4.3 Supplementary letters

4.31 Additional information may be indicated by a supplementary letter following the second
characteristic numeral. If more than one letter is used, the alphabetic sequence shall apply.

4.3.2 In special applications (such as machines with open circuit cooling for ship deck
installation with air inlet and outlet openings closed during standstill), numerals may be followed
by a letter indicating whether the protection against harmful effects due to ingress of water was
verified or tested for the machine not running (letter S) or the machine running (letter M). In this



https://iecnorm.com/api/?name=de3b65cac87f4ea06c84ef7bb4c180cb

-8- IEC 60034-5:2020 RLV © IEC

2020

case, the degree of protection in either state of the machine shall be indicated, for example
IP55S/1P20M.

The absence of the letters S and M shall imply that the intended degree of protection will be
provided under all normal conditions of use.

4.3.3

4.4

For air-cooled open machines suitable for specific weather conditions and provided
with additional protective features or processes (as specified in Clause 11), the letter W may
be used.

Example of designation

Characteristic letters |

First

Seco

5 [

5.1

The first characteristic numeral indicates the degree of protection/provided by the enclosu

pers(

Tablg 2 gives, in the third column, brief details of objects which will be ‘excluded’ fron

enclg

The
not e
the li

Characteristic numeral (see Table 2)

hd characteristic numeral (see Table 3)

Degrees of protection — First characteristic numeral

Indication of degree of protection

ns and to the parts of the machine inside the enclosure.

sure for each of the degrees of protection represented by the first characteristic nun

erm ‘excluded’ implies that a part of the bodyy~a tool or a wire held by a person, eithg

Ve parts or dangerous moving parts (smooth rotating shafts and the like are not consig

The
be e

5.2

Com
will g
estall
5.3

The
mear

dangrrous).

hird column of Table 2 also indicates the minimum size of solid foreign objects whic
cluded.

Compliance to indicated degree of protection

bliance of an enclosure with an indicated degree of protection implies that the enclq
Iso comply with _atl\lower degrees of protection in Table 2. In consequence, the
lishing these lower degrees of protection are not required, except in case of doubt.

External fans

plades @nd spokes of fans external to the enclosure shall be protected against conta
s of-guards complying with Table 1.

re to

h the
eral.

r will

ter the machine or, if it enters, that adequate clearance will be maintained between it and

ered

h will

sure
tests

ct by

Table 1 - Test requirements for guards

Protection of machine Test
IP1X 50 mm sphere test
IP2X to IP6X Finger test

For the test, the rotor shall be slowly rotated, for example by hand when possible.

Smooth rotating shafts and similar parts are not considered dangerous.
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5.4

Drain holes

If the machine is provided with drain holes, the following shall apply:

e drain holes intended normally to be open on site shall be kept open during testing;

e drain holes are considered as open as long as no breather(s) or plug(s), etc., are mounted in a

drain;

e if machines with protection IP3X or IP4X are intended to be run with open drain holes, the drain

holes may comply with protection IP2X;

o ifmachines with protection IP5X are intended to be run with open drain holes, the drain holes|shall
cpmply with protection IP4X.
Table 2 — Degrees of protection indicated by the first characteristic-numeral
Eirst Degree of protection Tedt
chargcteristic ; Pt ]
Brief description R
nuUmeral (NOTE 1’; Definition conditfons
0 Non-protected machine No special protection No test
1 Machine protected against solid [Accidental or inadvertent’ gontact with or Table 4
(NPTE 2) |objects greater than 50 mm approach to live and movwing parts inside the
enclosure by a large surface of the human body,
such as a hand (but no protection against
deliberate access)
Ingress of solid objects exceeding 50 mm in
diameter
2 Machine protected against solid |Contact with or approach to live or moving parts
(NPTE 2) objects greater than 12 mm insidedhe enclosure by fingers or similar objects
not.exceeding 80 mm in length
Ingress of solid objects exceeding 12 mm in
diameter
3 Machine protected against selid |Contact with or approach to live or moving parts
(NDTE 2) |objects greater than 2,5 mm inside the enclosure by tools or wires exceeding
2,5 mm in diameter
Ingress of solid objects exceeding 2,5 mm in
diameter
4 Machine protected against solid |Contact with or approach to live or moving parts
(NPTE 2) |objects greater than 1 mm inside the enclosure by wires or strips of
thickness greater than 1 mm
Ingress of solid objects exceeding 1 mm in
diameter
5 Dust-protected machine Contact with or approach to live or moving parts
(NPTE 3) inside the enclosure
Ingress of dust is not totally prevented but dust
does not enter in sufficient quantity to interfere
with satistactory operation of the machine
6 Dust-tight machines Ingress of dust totally prevented
NOTE 1 The brief description given in the second column of this table-sheuld-ret cannot be used to specify the type of
protection.
NOTE 2 Machines assigned a first characteristic numeral 1, 2, 3 or 4 will exclude both regularly or irregularly shaped solid
objects, provided that three normally perpendicular dimensions of the object exceed the appropriate figure in the ‘Definition’
column.
NOTE 3 The degree of protection against dust defined by this document is a general one. When the nature of the dust
(dimensions of particles, their nature, for instance fibrous particles) is specified, test conditions-sheuld can be determined by
agreement between manufacturer and user.
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6 Degrees of protection — Second characteristic numeral
6.1 Indication of the degree of protection

The second characteristic numeral indicates the degree of protection provided by the enclosure
with respect to harmful effects due to ingress of water.

Table 3 gives, in the third column, details of the type of protection provided by the enclosure
for each of the degrees of protection represented by the second characteristic numeral.

An air-cooled open machine is weather-protected when its design reduces the ingress of rain,
snow and airborne particles, under specified conditions, to an amount consistent with correct
operation.

This [degree of protection is designated by the letter W placed after the second chatactqristic
numeral.

6.2 | Compliance with lower degrees of protection

For gecond characteristic numerals up to and including 6, compliance ofyan enclosure with an
indicated degree of protection implies that the enclosure will also comply’with all lower degrees
of prptection in Table 3.

In cgnsequence, the tests establishing these lower degrees’ of/protection are not required,
except in case of doubt.

For IPX7, IPX8 and IPX9, it shall not be assumed that cbmpliance of the enclosure implieg that
the ejnclosure will also comply with all lower degrees-of protection in Table 3.
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Table 3 — Degrees of protection indicated by the second characteristic numeral

Second Degree of protection
L Test
characteristic ; P e
Brief description L
numeral (NOTE 1’; Definition conditions
0 Non-protected machine No special protection No test
1 Machine protected against Dripping water (vertically falling drops) shall have no |Table 5
dripping water harmful effect
2 Machine protected against | Vertically dripping water shall have no harmful effect
dripping water when tilted when the machine is tilted at any angle up to 15°
up to 15° from its normal position
3 Machine protected against | Water falling as a spray at an angle up to 60° from
spraying water the vertical shall have no harmful effect
4 Machine protected against |Water splashing against the machine from any
splashing water direction shall have no harmful effect
5 Machine protected against | Water projected by a nozzle against the machine
water jets from any direction shall have no harmful effect
(NOTE 3)
6 Machine protected against |Water from heavy seas or water projécted in powerful
heavy seas jets shall not enter the machine in-harmful quantities
7 Machine protected against Ingress of water in the machiné in a harmful quantity
the effects of immersion shall not be possible when_the machine is immersed
in water under stated conditions of pressure and time
8 Machine protected against | The machine is suitablefor continuous submersion in
the effects of continuous water under conditiefis which shall be specified by
submersion the manufacturer(NOTE 2)
9 Machine protected against Water projecfedl at high pressure and high
high pressure and high temperatureiagainst the enclosure from any direction
temperature water jets shall have no harmful effects (NOTE 3)
NOTH 1 The brief description given in the second column'ef this table-sheuld-net cannot be used to specify the type of
protedtion.
NOTH 2 Normally, this means that the machine is.hermetically sealed. However, with certain types of machines it can mean
that water can enter but only in such a manner, that it produces no harmful effect.
NOTH 3 It is understood that protections asNPx5 or IPx9 are not equivalent to a total endurance to all weather conditions|that
can bg present for a long period of time\Weather-proof could be achieved by providing additional protection.
7 Marking
It is fecommended" that the characteristic letters and numerals be marked on the machine
preferably on-thie rating plate or, if this is not practicable, on the enclosure.

When allparts of a machine do not have the same degree of protection, at least the designjation
of th{lowest degree shall be shown, followed, if necessary, by the higher designation with [clear

reference-to-thepartto-which-it

NOTE Space limitations on the rating plate usually only allow the lowest IP code to be marked.
Parts or components having a higher degree of protection should then be specified in the
documentation and/or in the operating instructions.

The lower degree of protection of:

— guards for external fans (as allowed in 5.3);

— drain holes (as allowed in 5.4);

need not be specified on the rating plate or in the documentation.

Where the mounting of the machine has an influence on the degree of protection, the intended

mounting arrangements shall be indicated by the manufacturer on the rating plate or in the
instructions for mounting.


https://iecnorm.com/api/?name=de3b65cac87f4ea06c84ef7bb4c180cb

-12 - IEC 60034-5:2020 RLV © IEC

8 General requirements for tests

8.1

General

2020

The tests specified in this document are type tests. They shall be carried out on standard
products or models of them. Where this is not feasible, verification either by an alternative test
or by examination of drawings shall be the subject of an agreement between manufacturer
and user.

Unless otherwise specified, the machine for each test shall be clean with all the parts in place
and mounted in the manner stated by the manufacturer.

In th
may,
case
Clau

8.2
8.2.1

For t
has t

8.2.2
The {
than

8.2.3

When the test device is placed in the mostunfavourable position, the machine shall be caj

of wi

This
woul
confi

9 1
Test

The

the d
2 kP
the d
shaft

p case of both first and second characteristic numerals 1, 2, 3 and 4, a visual inspe
in certain obvious cases, show that the intended degree of protection is obtained. [n
5, no test need be made. However, in case of doubt, tests shall be made as pfescrib|
5es 9 and 10.

Adequate clearance
General

he purpose of the following test clauses in this document, the\term ‘adequate clear
he meaning given in 8.2.2 or 8.2.3.

Low-voltage machines (rated voltages not exceeding 1 000 V a.c. and
1500 Vd.c.)

est device (sphere, finger, wire, etc.) does not touch the live parts or moving parts
non-dangerous parts such as smooth rotating.shafts.

hstanding the dielectric test applicable to the machine.

Hielectric test requirement may e replaced by a specified clearance dimension in air V
I ensure that this test would _be satisfactory under the most unfavourable electrical
guration.

[ests for first characteristic numeral
and acceptance.conditions for the first characteristic numeral are given in Table 4.

just test forsnumerals 5 and 6 shall be performed with the shaft stationary, provided
fference-in pressure between running and stationary (caused by fan effects) is lower
. If thelpressure difference is greater than 2 kPa, the internal machine pressure d
st test shall be depressed accordingly. Alternatively, the machine may be tested wi
rotating at rated speed.

High-voltage machines (rated voltages exceeding 1 000 V a.c. and 1 500 V d.
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Table 4 — Test and acceptance conditions for first characteristic numeral

First
characteristic
numeral

Test and acceptance conditions

0

No test is required.

1

+0,05

The test is made with a rigid sphere of 50 "~ mm diameter applied against the opening(s) in the

enclosure with a force of 45 N to 55 N.

The protection is satisfactory if the sphere does not pass through any opening and adequate
clearance is maintained to parts which are normally live in service or moving parts inside the
machine

a) Finger test
The test is made with a metallic test finger as shown in Figure 1. Both joints of this'fing
may be bent through an angle of 90° with respect to the axis of the finger, butsin ‘one aj
the same direction only. The finger is pushed without undue force (not moréjthan 10 N
against any openings in the enclosure and, if it enters, it is placed in every pOssible
position.
The protection is satisfactory if adequate clearance is maintained between the test fing
and live or moving parts inside the enclosure. However, it is permissible to touch smoo
rotating shafts and similar non-dangerous parts.

For this test, the internal moving parts may be operated slowly} where this is possible.

For tests on a low-voltage machine, a low-voltage supply (of'not less than 40 V) in seri
with a suitable lamp may be connected between the test-finger and the live parts inside
enclosure. Conducting parts covered only with varnish\or paint, or protected by oxidatig
by a similar process, shall be covered with a metalfoil electrically connected to those g
which are nor-mally live in service. The protection-is satisfactory if the lamp does not li

For high-voltage machines, adequate clearanee is verified by a dielectric test, or by a
measurement of clearance distance in acCordance with the principles of 8.2.3.

b)  Sphere test
12.5+0.05
The test is made with a rigid sphere of o
enclosure with a force of 27 N t0"33 N.

The protection is satisfactoryif the sphere does not pass through any opening and
adequate clearance is maintained to live or moving parts inside the machine.

mm diameter applied to the openings g

o

[
=

>

bs
the
n or
arts
pht.

f the

+0,05

The test is made witha straight rigid steel wire or rod of mo mm diameter applied with 3

force of 2,7 N to 3;3\N-"The end of the wire or rod shall be free from burrs and at right angle
its length.

The protection,issatisfactory if the wire or rod cannot enter the enclosure.

+0,05

The test.is made with a straight rigid steel wire of % mm diameter applied with a force of
0,9«N\to’ 1,1 N. The end of the wire shall be free from burrs and at right angles to its length.

The-protection is satisfactory if the wire cannot enter the enclosure.
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First
characteristic
numeral

Test and acceptance conditions

5

a) Dust test

The test is made using equipment incorporating the basic principles shown in Figure 2, in
which talcum powder is maintained in suspension in a suitable closed test chamber. The
talcum powder used shall be able to pass through a square-meshed sieve having a nominal
wire diameter of 50 ym and a nominal width between wires of 75 pym. The amount of talcum
powder to be used is 2 kg/m? of the test chamber volume. It shall not be used for more than
20 tests.

Electrical machines have an enclosure where the normal operating cycle of the machine
causes reductions in the air pressure within the enclosure in relation to the ambient

n&mnenhnrn PFOSELH86~ Thaso-raductione—mavhba-dus-—foraxampleo—to-tharmal cvcling
J ) Lad ) J ~

effects (category 1).

For this test the machine is supported inside the test chamber and the pressure igside fhe
machine is maintained below atmospheric pressure by a vacuum pump. If the encClosurg has
a single drain hole, the suction connection shall be made to one hole specially‘provideq for
the purpose of the test, except if the drain hole is intended normally to be-closed on sit
(see 5.4).

The object of the test is to draw into the machine, if possible, at least{/80 times the volume
of air in the enclosure without exceeding an extraction rate of 60 vieldumes per hour with a
suitable depression. In no event shall the depression exceed 2 KPa-{20-mbar) on the
manometer shown in Figure 2.

1

If an extraction rate of 40 to 60 volumes per hour is obtained, the test is stopped after 2 h.

If, with a maximum depression of 2 kPa{20-mbar}, the eéxtraction rate is less than 40
volumes per hour, the test is continued until 80 volumes,have been drawn through, or 3
period of 8 h has elapsed.

If it is impracticable to test the complete machine\in the test chamber, one of the followjng
procedures shall be applied:

— testing of individually enclosed sections\of the machine (terminal boxes, slip-ring
housings, etc.);

— testing of representative parts of.the machine, comprising components such as dogrs,
ventilating openings, joints, shaft'seals, etc., with the vulnerable parts of the mach|ne,
such as terminals, slip-ringssg&tc., in position at the time of testing;

— testing of a smaller machine’having the same full-scale design details;
— testing under conditions determined by agreement between manufacturer and user

In the second and third-cases, the volume of air to be drawn through the machine undef test

is as specified for the'whole machine in full scale.
The protection is\gatisfactory if, on inspection, talcum powder has not accumulated in 3

quantity or location such that—as-with-any-kind-of-ordinary-dust{i-e—dust-thatis-net
conductive,€ombustible—explosive-orchemically-corrosive); it could interfere with the

correet satisfattory operation of the machine or lead to tracking along the creepage
distances,

b)  Wire test

If'the machine is intended to be run with open drain hole(s), these shall be tested in the
Same manner as the first characteristic numeral 4, that is, using a 1 mm diameter wire.

Test in accordance with 5 a).
The protection is satisfactory if, on inspection, there is no ingress of talcum powder.
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Dimensions in millimetres
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IEC
Key
1 Handle 4  Stop face 7 R2 0,05 cylindrical
2 Guard 5 Joints 8 R4 £ 0,05 spherical
3 Insulating material 6 Chamfer all edges
Tolerances on dimensions without specific tolerance:
on angles: (71%) ° on dimensions: up to 25 mm: (78’05) mm;

over 25 mm: £ 0,2 mm
Material for finger: e.g. heat-treated steel.

Both joints of this finger may be bent through an angle of(90 +100 )° but in one and the same direction only.

Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this
reason, dimensions and tolerances of these details are not given in the drawing. The actual design shall ensure a 90° bending
angle with a 0° to +10° tolerance.

Figure 1 — Standard test finger
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Key

1 Vave 5 Machine under test 9 Glass window

2 Dust filter 6 % Talcum powder 10 Vibrator

3 Ainflow meter 7.~ Guard screen 11 Circulating pump
4 Vacuum pump 8 Pressure gauge

Figure 2 — Equipment to prove protection against dust

10 Tests for second characteristic numeral
10.1| Test conditions

Test canditions for the second characteristic numeral are given in Table 5.

The test shall be conducted with fresh water. During the test, the moisture contained inside the
enclosure may be partly condensed. The dew which may thus be deposited should not be
mistaken for an ingress of water.

For the purpose of the tests, the surface area of the machine shall be calculated with an
accuracy of 10 %.

When possible, the machine shall be run at rated speed. This can be achieved by mechanical
means or by energization. If the machine is energized, adequate safety precautions shall be
taken.
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Table 5 — Test conditions for second characteristic numeral

Second
characteristic
numeral

Test and acceptance conditions

0

No test is required.

1

The test is made by means of an equipment, the principle of which is shown in Figure 3. The
rate of discharge shall be reasonably uniform over the whole area of the apparatus and shall
produce a rainfall of between 3 mm and 5 mm of water per minute (in the case of equipment
according to Figure 3, this corresponds to a fall in water level of 3 mm to 5 mm/min).

The machine under test is placed in its normal operating position under the dripping equipment,
the base of which shall be larger than that of the machine. Except for machines designed for

wall or ceiling mounting, the support for the enclosure under test should be smaller thanith
base of the enclosure.

The machine normally fixed to a wall or ceiling is fixed in its normal position of usedg-a’wo
board having dimensions which are equal to those of that surface of the machine~which is
contact with the wall or ceiling when the machine is mounted as in normal use!

The duration of the test shall be 10 min.

e

bden

The dripping equipment is the same as that specified for the second characteristic numera
and is adjusted to give the same rate of discharge.

The machine is tested for 2,5 min in each of four fixed positions of tilt These positions are
either side of the vertical in two mutually perpendicular planes,

The total duration of the test shall be 10 min.

=N

The test shall be made using equipment such as is showh/in Figure 4, provided that the dir
sions and shape of the machine to be tested are suchc¢that'the radius of the oscillating tube
does not exceed 1 m. Where this condition cannot be fulfilled, a hand-held spray device, a
shown in Figure 5, shall be used.

a) Conditions when using test equipment as/shewn in Figure 4.

The total flow rate shall be adjusted tosan average rate of (0,067 to 0,074) I/min per ho
multiplied by the number of holes. The ‘{otal flow rate shall be measured with a flowmet

The tube is provided with spray hotes over an arc of 60° either side of the centre point
shall be fixed in a vertical position. " The test machine is mounted on a turntable with a
vertical axis and is located at\approximately the centre point of the semicircle.

The minimum duration of the“test shall be 10 min.

b) Conditions when using test equipment as shown in Figure 5.
The moving shield shall be in place for this test.
The water pressure’is adjusted to give a delivery rate of (10 £ 0,5) I/min (pressure

approximately"80°kPa to 100 kPa)-{0-8-barto10-bar).

The test duration shall be 1 min/m? of calculated surface area of the machine (excluding a
mounting surface and cooling fin) with a minimum duration of 5 min.

[©)

194
-

And

The conditions for deciding whether the apparatus of Figure 4 or that of Figure 5 should b¢g
used are the same as stated for the second characteristic numeral 3.
a)\Using the equipment as shown in Figure 4.

The oscillating tube has holes drilled over the whole 180° of the semicircle. The test
duration and the total water flow rate are the same as for degree 3.

The support for the machine under test shall be perforated so as to avoid actingas a b
and the enclosure shall be sprayed from every direction by oscillating the tube at a ratg

hffle
of

00 =1 4o 4o liooie £ 4 1

. . T m
oS ot et o tStraverh—eatn—airecHon-

b) Using the equipment as shown in Figure 5.

The moving shield is removed from the spray nozzle and the machine is sprayed from all

practicable directions.

The rate of water delivery and the spraying time per unit area are the same as for degree 3.
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Second Test and acceptance conditions
characteristic
numeral
5 The test is made by spraying the machine from all practicable directions with a stream of water from a

standard test nozzle as shown in Figure 6. The conditions to be observed are as follows:

— nozzle internal diameter: 6,3 mm;
— delivery rate: 11,9 — 13,2 I/min;
— water pressure at the nozzle: approximately 30 kPa {(6;3-bar)} (see NOTE 1);

— test duration per m?2 of surface area of the machine: 1 min;

miRiHRR-te-st-diration-—3—ma-
v g

— distance from nozzle to machine surface: approximately 3 m (see NOTE 2). (This distafpce
may be reduced, if necessary to ensure proper wetting when spraying upwards):

6 The test is made by spraying the machine from all practicable directions with a stream of water from p
standard test nozzle as shown in Figure 6. The conditions to be observed are as follows:

nozzle internal diameter: 12,5 mm;

delivery rate: 95 — 105 I/min

— water pressure at the nozzle: approximately 100 kPa {(+-ba+} (see NOTE 1);
— test duration per m?2 of surface area of the machine: 1 min;

— minimum test duration: 3 min;

— distance from nozzle to machine surface: approximately 3 m (see NOTE 2).

7 The test is made by completely immersing the machine in water so that the following condifions
are satisfied:

a) the surface of the water shall be at least 150 mm above the highest point of the machir]

I

b) the lowest portion of the machine shall-be at least 1 m below the surface of the water;
c) the duration of the test shall besat.least 30 min;

d) the water temperature shall_naot differ from that of the machine by more than 5 °C.

By agreement between manufacturer and user, this test may be replaced by the following

procedure:

The machine should be tested with an inside air pressure of about 10 kPa-{0;+bar). The
duration of the test js\I*min. The test is deemed satisfactory if no air leaks out during the tgst.
Air leakage may_ be\detected either by submersion, the water just covering the machine, or|by
the application @nfo it of a solution of soap in water.

8 The test conditions are subject to agreement between manufacturer and user, but they shall not
be less severe than those prescribed for degree 7.

9 The tesf is made by spraying the enclosure with a stream of water from a standard test nozzle
as_Shown in Figure 7. The set-up for measuring the impact force of the water jet is given in|
Bigure 8a. The distribution force shall be verified at upper and lower limits of distance toleffance
range (see Figure 8b). During the test a) or b) of the enclosure, the water temperature shall be

(80 £ 5) °C.

a) For small enclosures (largest dimension less than 250 mm), the enclosure shall be moynted
on the test device shown in Figure 9:

furntable speed: b rev/min £ T rev/min
spray positions: 0°, 30°, 60°, 90°
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 intended use. The enclosure shall be sprayed covering the entire
exposed surface area:

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

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

The test duration is 1 min/m? of the calculated surface area of the enclosure (excluding any
mounting surface), with a minimum duration of 3 min.
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Second Test and acceptance conditions
characteristic

numeral

NOTE 1 The measurement of the water pressure may be replaced by that of the height to which the spray of the nozzle
freely rises:

Pressure: 30 kPa{6;3-bar) Height: 2,5 m
Pressure: 100 kPa {(+bar}- Height: 8 m

NOTE 2 The distance of the nozzle to the machine under test, for degrees 5 and 6, was set at 3 m for practical reasons; it
may be reduced in order to test the machine from every direction.
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Dimensions in millimetres

300

T O O

200
-
-

EC

Key
1 Layers of sand and gravel to regulate flow of water, these layers)being separated by metallic gauze and blotting pape
2 M4chine under test

Figure 3 — Equipment to prove protection against dripping water
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Dimensions in millimetres

EC

1 000 max

NIRRT RGN

SRR R IR RV R NN

Figure 4 — Equipment-to.prove protection against spraying and splashing water

(shown with spraying holes in the case of second characteristic numeral 3)

Key

1

Hdles 90,4
2 Mg4chine under test

3 Caunterweight
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Dimensions in millimetres

12 x 6°30'=78°

Viewed*according to arrow A (with shield renmpoved)

IEC
Key

1 Cack 7 Spray nozzle —brass with 121 holes & 0,5

2 Pressure gauge 1 hole in centre

3 Hagse 2 inner(circles of 12 holes at 30° pitch

4 Mgqving shield — aluminium 4 odter circles of 24 holes at 15° pitch

5 Spray nozzle 8 Machine under test

6 Caunterweight

Figure 5 — Hand-held equipment to prove protection
against spraying and splashing water

Dimensions in millimetres

A 7, 7
e A
N
\
%,
7 v
% W, ////W
- 4 6 < 13 >l 20 - 5 <

IEC

D is 6,3 mm for the tests of Table 5 numeral 5
D is 12,5 mm for the tests of Table 5 numeral 6

Figure 6 — Standard nozzle for hose test
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Dimensions in millimetres

A-A (2:1)
A R0,75 0,01
| R1,5 £0,005
W/ /
—— —— A N an - A
[ ]] 13
Il o ] ! 5] %
]! y a8
o Y °y %y
A
30,01
— Ao >
A
- o7 !

60°
’
>

NOTE| The dimension 9,69 +/-0,01 refers to the center of the radius R6,75 +/-0,01.

IEC

Figure 7a — Fan jet ftdzzle dimensions

Dimensions in millimetres
2,34 £0,06

N
\/

A
Y

-
L

1;3340,04

-
-

A maghpification of 100 times the edge of the nozzle shall show regular profile.
Figure 7b — Fan jet nozzle resulting dimensions of spraying hole for checking purpose

Figure 7 — Geometry of fan jet nozzle
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Dimensions in millimetres
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Key
1 Fah jet nozzle

Adjustment of the flow - rate between (15 + 1) I/min to reach a distgibutien impact force of 0,9-1,2N
ThE water temperature during verification shall be (20 + 5) °C.

Cqgver plate

Impact plate 2 x 30 mm

Fofce sensor

Di

Figyire 8a — Set-up for measuring the impa¢t force of the water jet for determining the protection aga{:st

a A WODN

tribution forces directions (see also Figure 8b)

high pressure and high temperatugé water jet, degree of protection against ingress of water IP X

Dimensions in millimetres
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(Direction - key 5) mm
IEC

Figure 8b — Impact force distribution

Figure 8 — Measurement of the impact force
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Dimensions in millimetres

1 I
6 (90°
. (90°) 7 (60°)
-
: ~ R125 25
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5 I 8 (30°)
n AR !
2 i e S \
\‘ﬂu |
10 : 9 (0°)
! |
AN
! DUT |
| 4— .
1 |
1
1 \3
1
4 Endorsing cylinder of the DUT
EC
Key
1 Fap jet nozzle
2 Endorsing cylinder for deyice under test (DUT)
3 Hdder (rotating table)
4 Swivel axis (axiSof-rotation)
5 Rgference paiatfor 0°, for 30° and 60°, then for 90° versus the endorsing cylinder for device under test (DUT)
6 Position(1 @f the nozzle (90°)
7 Pokitioh2 of the nozzle (60°)
8 Position 3 of the nozzle (30°)
9 Position 4 of the nozzle (0°)

10 Center point of circle R125mm to locate nozzles

Figure 9 — Test set-up for determining the protection against high-pressure/steam-jet cleaning
— degree of protection against ingress of water IP X9 for small enclosures
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10.2 Acceptance conditions
10.2.1 General

After the test in accordance with Table 5 has been carried out, the machine shall be inspected
for ingress of water and subjected to the following verification and tests.

10.2.2 Ingress of water

The amount of water which has entered the machine shall not be capable of interfering with its
satisfactory operation. The windings and live parts not designed to operate when wet shall not
be wet and no accumulation of water which could reach them shall occur inside the machine.

It is, however, permissible for the blades of fans inside rotating machines to be wet and Iea]kage
along the shaft is allowable if provision is made for drainage of this water.

10.23 Withstand voltage test
In the case of a test on a machine not running:

a) the machine shall be operated under no-load conditions at rated voltage-for 15 min,

b) tHen be submitted to a high- withstand voltage test, the test voltage being 50 % of the test voliage
fgr a new machine (but not less than 125 % of the rated voltage).

In thé case of a test on a running machine, only the high- witfistand voltage test is made, in
accofdance with item ab) above.

The test is deemed satisfactory if these checks shew no-damage—accordingteoEC60434-14

failure.

11 Requirements and tests for open weather-protected machines

The dlegree of protection W is intended for\air-cooled open machines with open circuit co¢ling,
that iis, machines with cooling systems. designated by ICOX to IC3X according to IEC 60034-6.

Weather-protected machines shall be so designed that the ingress of rain, snow and airborne
parti¢les into the electrical parts.is_reduced.

Othef measures providing( weather protection (such as encapsulated windings or |total
enclgsure) are not designated by W.

Maclhines with degree.of protection W shall have ventilation passages constructed such t]\at:
i

QO
-
Q

E both intaketand discharge, high-velocity air and airborne particles are prevented from ente
the internalpassages leading directly to the electrical parts of the machine;

ing

b) tHe air.intake path, by baffling or use of separate housings, provides at least three abrupt changes
r| thé direction of the air intake, each of which is at least 90°;

theairintake pathprovidesamarea of average vetocity motexceeding-3 /s, enabtingany
particles to settle. Removable or otherwise easy to clean filters or any other arrangement for the
separation of particles may be provided instead of a settling chamber.

)
-~

The protection of the machine against contact, foreign objects and water shall comply with the
conditions and tests specified for the stated degree of protection.

The design of the terminal box shall ensure a degree of protection of at least IP54.

If necessary, arrangements to provide protection against icing, moisture, corrosion or other
abnormal conditions shall be made by agreement (e.g. by using anti-condensation heating).

For the verification of weather protection W, a study of drawings is generally sufficient.
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Inter

This | fifth-“edition cancels and replaces the fourth edition, published in 2000, an
Amendment 1:2006. This edition constitutes a technical revision.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 5: Degrees of protection provided by the integral design
of rotating electrical machines (IP code) — Classification

FOREWORD

International Electrotechnical Commission (IEC) Is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote intern
cofoperation on all questions concerning standardization in the electrical and electronic fields. Tosthis’er
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizat
Standardization (ISO) in accordance with conditions determined by agreement betweensthe two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical committee-has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use_and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to enSure that the technical content
Pyblications is accurate, IEC cannot be held responsible for thexway in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Gommittees undertake to apply IEC Public
transparently to the maximum extent possible in their national’and regional publications. Any divergence beg
anly |IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity! Independent certification bodies provide conf]
aspessment services and, in some areas, access t@>|EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alljusers should ensure that they have the latestiedition of this publication.

Nd liability shall attach to IEC or its directors; employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

At{ention is drawn to the"possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall not beheld responsible for identifying any or all such patent rights.
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hational Standard IEC 60034-5 has been prepared by IEC technical committee 2: Rofating
machinery.

d its

The main technical changes with respect to the previous edition are:

the inclusion of an additional second numeral 9 including its test method,

an additional note for clarification in Table 3,

a clarification on the term open drain hole,

a clarification on the ingress of dust in Table 4,

pressure values given now in Pa only,

a clarification in the scope on the applicability of this standard for (Ex) motors,

a new Clause 3 with definitions,
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The text of this International Standard is based on the following documents:

CDV Report on voting
2/1960/CDV 2/1972A/RVC

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

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

A list-ofall parts inthe |EC 60034 series, Ir_\lllf\licht:ri under the gnnnrnl title Pnf::fing electrical
machines, can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

¢confirmed,

-

e withdrawn,

—

gplaced by a revised edition, or

e amended.

IMPIORTANT - The 'colour inside' logo on the coyer 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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ROTATING ELECTRICAL MACHINES -

Part 5: Degrees of protection provided by the integral design
of rotating electrical machines (IP code) — Classification

1 Scope

This
enclgsures for rotating electrical machines. It defines the requirements for protective enclos
that gre in all other respects suitable for their intended use and which, from the poinfof'vi
matefials and workmanship, ensure that the properties dealt with in this documen
maintained under normal conditions of use.

This [document does not specify degrees of protection against mechanical damage o
maclhline, or conditions such as moisture (produced for example by condensation), corr
dust pnd vapour, fungus or vermin.

This document is also applicable to explosion proof machines, but it-does not specifiy the {
of protection for use in a potentially explosive (dust, gas) envirenment. Those are defined i
IEC 60079 series of standards.

In certain applications (such as agricultural or damestic appliances), more exte
precautions against accidental or deliberate contact may be specified.

This [document gives definitions for standard degrees of protection provided by enclos
applifable to rotating electrical machines as regards the:

a) pfotection of persons against contacts, with or approach to live parts and against co

rotection of the machine against.ingress of solid foreign objects;
rotection of machines against’the harmful effects due to ingress of water;
c) pfotection of machines against the harmful effects due to ingress of dust.

It gives designations for these protective degrees and tests to be performed to check tha
macllines meet the requitements of this document.

2 ormative references

The following documents are referred to in the text in such a way that some or all of their co|
constitutes requirements of this document. For dated references, only the edition cited ap
For undated references, the latest edition of the referenced document (including
amendments) applies.
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IEC 60034-6, Rotating electrical machines — Part 6. Methods of cooling (IC code)
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 standardization 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
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3.1

closed machine

machine where no medium from the surrounding medium, for the purpose of cooling, passes
through the machine

[SOURCE: IEC 60050-411:1996, 411-44-17]

3.2

open machine

machine with an open cooling circuit in which the coolant is drawn directly from the surrounding
medium passing through the machine and then returning directly to the surrounding medium

[SOYRCE: IEC 60050-411:1996, 411-44-16]
4 Designation

4.1 General

The fesignation used for the degree of protection consists of the letters/IP*followed by two
characteristic numerals signifying conformity with the conditions indicated in the tables of
Clauges 5 and 6 respectively.

4.2 | Single characteristic numeral

When it is required to indicate a degree of protection by only’one characteristic numeral, the
omitted numeral shall be replaced by the letter X, for examplenIPX5 or IP2X.

4.3 | Supplementary letters

4.31 Additional information may be indicated by a.supplementary letter following the second
chargcteristic numeral. If more than one letter is used, the alphabetic sequence shall apply.

4.3.2 In special applications (such as machines with open circuit cooling for ship |deck
installation with air inlet and outlet openings’closed during standstill), numerals may be follpwed
by a |etter indicating whether the protectioh* against harmful effects due to ingress of water was
verified or tested for the machine not running (letter S) or the machine running (letter M). In this
case| the degree of protection in ejither state of the machine shall be indicated, for example
IP558/1P20M.

The absence of the letters $ and M shall imply that the intended degree of protection wjill be
provided under all normal eonditions of use.

4.3.3 For air-cooled)open machines suitable for specific weather conditions and proyided
with pdditional protective features or processes (as specified in Clause 11), the letter W| may
be uged.

4.4 | Example of designation

Charpcteristic letters |

First characteristic numeral (see Table 2)

Second characteristic numeral (see Table 3)
5 Degrees of protection — First characteristic numeral

5.1 Indication of degree of protection
The first characteristic numeral indicates the degree of protection provided by the enclosure to
persons and to the parts of the machine inside the enclosure.

Table 2 gives, in the third column, brief details of objects which will be ‘excluded’ from the
enclosure for each of the degrees of protection represented by the first characteristic numeral.

The term ‘excluded’ implies that a part of the body, a tool or a wire held by a person, either will
not enter the machine or, if it enters, that adequate clearance will be maintained between it and
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the live parts or dangerous moving parts (smooth rotating shafts and the like are not considered
dangerous).

The third column of Table 2 also indicates the minimum size of solid foreign objects which will
be excluded.

5.2

Compliance to indicated degree of protection

Compliance of an enclosure with an indicated degree of protection implies that the enclosure
will also comply with all lower degrees of protection in Table 2. In consequence, the tests
establishing these lower degrees of protection are not required, except in case of doubt.

5.3

The
mear

For t
Smo
5.4
If the
e d
e d

in
e |f

d
o |f

h

—External-fans

blades and spokes of fans external to the enclosure shall be protected against conta
s of guards complying with Table 1.

Table 1 — Test requirements for guards

Protection of machine Test
IP1X 50 mm sphere tést
IP2X to IP6X Finger test

ne test, the rotor shall be slowly rotated, for example by hand when possible.
bth rotating shafts and similar parts are not considered dangerous.

Drain holes
machine is provided with drain holes, the following shall apply:

Fain holes intended normally to be open‘on site shall be kept open during testing;

a drain;

machines with protection IP3X-or IP4X are intended to be run with open drain holeg
rain holes may comply with-protection IP2X;

machines with protection IP5X are intended to be run with open drain holes, the
bles shall comply with protection IP4X.

ct by

Fain holes are considered as open as*long as no breather(s) or plug(s), etc., are mounted

, the

drain
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Table 2 — Degrees of protection indicated by the first characteristic numeral

Degree of protection

First
characteristic Brief description 'I::ts_t
numeral (NOTE 1) Definition conaitions
0 Non-protected machine No special protection No test
1 Machine protected against solid [Accidental or inadvertent contact with or Table 4
(NOTE 2) objects greater than 50 mm approach to live and moving parts inside the
enclosure by a large surface of the human body,
such as a hand (but no protection against
deliberate access)
ITgTess of So1td ObJeCtsS exXCeed g S0 M M
diameter
2 Machine protected against solid |Contact with or approach to live or moving parts
(NPTE 2) |objects greater than 12 mm inside the enclosure by fingers or similar objects
not exceeding 80 mm in length
Ingress of solid objects exceeding 12 mm in
diameter
3 Machine protected against solid |Contact with or approach to live or moving parts
(NDTE 2) objects greater than 2,5 mm inside the enclosure by tools or wiresJexceeding
2,5 mm in diameter
Ingress of solid objects exceeding 2,5 mm in
diameter
4 Machine protected against solid |Contact with or approach,to live or moving parts
(NPTE 2) |objects greater than 1 mm inside the enclosure by\wires or strips of
thickness greaterzthan™1 mm
Ingress of solid objects exceeding 1 mm in
diameter
5 Dust-protected machine Contact with or approach to live or moving parts
(NPTE 3) inside the enclosure
Ingress’ of dust is not totally prevented but dust
does not enter in sufficient quantity to interfere
with satisfactory operation of the machine
6 Dust-tight machines Ingress of dust totally prevented
NOTH 1 The brief description given in the second column of this table cannot be used to specify the type of
protegtion.
NOTH 2 Machines assigned a fifst'characteristic numeral 1, 2, 3 or 4 will exclude both regularly or irredqularly
shapdd solid objects, provided thatthree normally perpendicular dimensions of the object exceed the approjpriate
figurelin the ‘Definition’ columh,
NOTH 3 The degree of protection against dust defined by this document is a general one. When the nature of the
dust {dimensions of pdrticles, their nature, for instance fibrous particles) is specified, test conditions cgn be
determined by agreement between manufacturer and user.
6 Degrees of protection — Second characteristic numeral
6.1 Llindication of the degree of protection

The second characteristic numeral indicates the degree of protection provided by the enclosure
with respect to harmful effects due to ingress of water.

Table 3 gives, in the third column, details of the type of protection provided by the enclosure
for each of the degrees of protection represented by the second characteristic numeral.

An air-cooled open machine is weather-protected when its design reduces the ingress of rain,
snow and airborne particles, under specified conditions, to an amount consistent with correct

operation.

This degree of protection is designated by the letter W placed after the second characteristic

numeral.
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For second characteristic numerals up to and including 6, compliance of an enclosure with an
indicated degree of protection implies that the enclosure will also comply with all lower degrees
of protection in Table 3.

In consequence, the tests establishing these lower degrees of protection are not required,
except in case of doubt.

For IPX7, IPX8 and IPX9, it shall not be assumed that compliance of the enclosure implies that
the enclosure will also comply with all lower degrees of protection in Table 3.

skcond Degree of protection
[ e Tep
chargacteristic ; Do A
Brief description R
ndmeral (NOTE 1’; Definition conditions
0 Non-protected machine No special protection No tes}
1 Machine protected against Dripping water (vertically falling drops) shall have no |Table p
dripping water harmful effect
2 Machine protected against |Vertically dripping water shall have\no harmful effect
dripping water when tilted when the machine is tilted at any angle up to 15°
up to 15° from its normal position
3 Machine protected against | Water falling as a spray at an“angle up to 60° from
spraying water the vertical shall have no~harmful effect
4 Machine protected against | Water splashing agaifist the machine from any
splashing water direction shall have.no harmful effect
5 Machine protected against | Water projected.by a nozzle against the machine
water jets from any direction shall have no harmful effect
(NOTE 3)
6 Machine protected against | Waterfrom heavy seas or water projected in powerful
heavy seas jetstshall not enter the machine in harmful quantities
7 Machine protected against Ingress of water in the machine in a harmful quantity
the effects of immersion shall not be possible when the machine is immersed
in water under stated conditions of pressure and time
8 Machine protected.against The machine is suitable for continuous submersion in
the effects of contintous water under conditions which shall be specified by
submersion the manufacturer (NOTE 2)
9 Machine protected against | Water projected at high pressure and high
high pressure and high temperature against the enclosure from any direction
temperatire water jets shall have no harmful effects (NOTE 3)
NOTHE 1 The brief ‘description given in the second column of this table cannot be used to specify the tyjpe of
proteftion.
NOTH 2 Normally, this means that the machine is hermetically sealed. However, with certain types of machipes it
can npean that water can enter but only in such a manner that it produces no harmful effect.
NOTH 8 It'is understood that protections as IPx5 or IPx9 are not equivalent to a total endurance to all wgather
condifions that can be present for a long period of ume. Veather-prooi could be achieved by providing additional
protection.
7 Marking

It is recommended that the characteristic letters and numerals be marked on the machine
preferably on the rating plate or, if this is not practicable, on the enclosure.

When all parts of a machine do not have the same degree of protection, at least the designation
of the lowest degree shall be shown, followed, if necessary, by the higher designation with clear
reference to the part to which it applies.
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Space limitations on the rating plate usually only allow the lowest IP code to be marked. Parts
or components having a higher degree of protection should then be specified in the
documentation and/or in the operating instructions.

The lower degree of protection of:

— guards for external fans (as allowed in 5.3);

— drain holes (as allowed in 5.4);

need not be specified on the rating plate or in the documentation.

Where the mounting of the machine has an influence on the degree of protection, the intended

mournting arrangements shall be indicated by the manufacturer on the rating plate on ih the
instructions for mounting.

8 General requirements for tests

8.1 General

The lests specified in this document are type tests. They shall be carried out on standard
prodlicts or models of them. Where this is not feasible, verification eithier’by an alternative¢ test
or by examination of drawings shall be the subject of an agreement between manufaqturer
and dser.

Unless otherwise specified, the machine for each test shall be{clean with all the parts in place
and mounted in the manner stated by the manufacturer.

In th¢ case of both first and second characteristic numerals 1, 2, 3 and 4, a visual inspection
may,|in certain obvious cases, show that the intended degree of protection is obtained. Infsuch
cases, no test need be made. However, in case ofidoubt, tests shall be made as prescribed in
Clauges 9 and 10.
8.2 | Adequate clearance
8.2.1 General

For the purpose of the following test clauses in this document, the term ‘adequate clearance’
has the meaning given in 8.2.2 or, 8.2.3.

8.2.2 Low-voltage machines (rated voltages not exceeding 1 000 V a.c. and
1500 Vd.c.)

The {est device (sphereifinger, wire, etc.) does not touch the live parts or moving parts pther
than jnon-dangerous-parts such as smooth rotating shafts.
8.2.3 High-voltage machines (rated voltages exceeding 1 000 V a.c. and 1 500 V d.c.)

When the test device is placed in the most unfavourable position, the machine shall be capable
of withstanding the dielectric test applicable to the machine.

This fielectric test requirement may be replaced by a specified clearance dimension in air which
would ensure that this test would be satisfactory under the most unfavourable electrical field
configuration.

9 Tests for first characteristic numeral
Test and acceptance conditions for the first characteristic numeral are given in Table 4.

The dust test for numerals 5 and 6 shall be performed with the shaft stationary, provided that
the difference in pressure between running and stationary (caused by fan effects) is lower than
2 kPa. If the pressure difference is greater than 2 kPa, the internal machine pressure during
the dust test shall be depressed accordingly. Alternatively, the machine may be tested with the
shaft rotating at rated speed.
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Table 4 — Test and acceptance conditions for first characteristic numeral

First Test and acceptance conditions
characteristic
numeral

0 No test is required.

1
The test is made with a rigid sphere of 50+%’05 mm diameter applied against the opening(s) in the
enclosure with a force of 45 N to 55 N.

The protection is satisfactory if the sphere does not pass through any opening and adequate

clearance is maintained to parts which are normally live in service or moving parts inside the
machine

2 a) Finger test

The test is made with a metallic test finger as shown in Figure 1. Both joints of this*fing
may be bent through an angle of 90° with respect to the axis of the finger, butin one and
the same direction only. The finger is pushed without undue force (not moréjthan 10 N
against any openings in the enclosure and, if it enters, it is placed in evefry ‘poOssible
position.

The protection is satisfactory if adequate clearance is maintained between the test fing
and live or moving parts inside the enclosure. However, it is permissible to touch smoo
rotating shafts and similar non-dangerous parts.

For this test, the internal moving parts may be operated slowly) where this is possible.
For tests on a low-voltage machine, a low-voltage supply (of'not less than 40 V) in serigs
with a suitable lamp may be connected between the té€st-finger and the live parts inside the
enclosure. Conducting parts covered only with varnish\dr paint, or protected by oxidatign or
by a similar process, shall be covered with a metalfoil electrically connected to those garts
which are nor-mally live in service. The protection-is satisfactory if the lamp does not light.
For high-voltage machines, adequate clearange is verified by a dielectric test, or by a
measurement of clearance distance in acCordance with the principles of 8.2.3.

b)  Sphere test

[]
=

>3

+0,05

0

The test is made with a rigid sphere of mm diameter applied to the openings ¢f the

enclosure with a force of 27 N t0"33 N.
The protection is satisfactory'if the sphere does not pass through any opening and
adequate clearance is maintained to live or moving parts inside the machine.

3 +0,05
The test is made withaa straight rigid steel wire or rod of % mm diameter applied with a
force of 2,7 N to 3;:3\N-"The end of the wire or rod shall be free from burrs and at right angleg to
its length.

The protection,is‘satisfactory if the wire or rod cannot enter the enclosure.

4 +0,05

The test.is made with a straight rigid steel wire of % mm diameter applied with a force of]
0,9«N\to 1,1 N. The end of the wire shall be free from burrs and at right angles to its length.

The protection is satisfactory if the wire cannot enter the enclosure.
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First
characteristic
numeral

Test and acceptance conditions

5

a) Dust test

The test is made using equipment incorporating the basic principles shown in Figure 2,
which talcum powder is maintained in suspension in a suitable closed test chamber. Th

in
e

talcum powder used shall be able to pass through a square-meshed sieve having a nominal

wire diameter of 50 ym and a nominal width between wires of 75 ym. The amount of tal
powder to be used is 2 kg/m? of the test chamber volume. It shall not be used for more
20 tests.

cum
than

Electrical machines have an enclosure where the normal operating cycle of the machine

causes reductions in the air pressure within the enclosure in relation to the ambient

atmaosnharicnracciirac Thococao roductione mavy bhao dio for ovamnlg 0 thormal ovcling
* J ) Lad ) J ~

Lig g
effects (category 1).

For this test the machine is supported inside the test chamber and the pressure igside
machine is maintained below atmospheric pressure by a vacuum pump. If the enclosurg
a single drain hole, the suction connection shall be made to one hole specially‘provideq
the purpose of the test, except if the drain hole is intended normally to be-Closed on sit
(see 5.4).

The object of the test is to draw into the machine, if possible, at leas{80 times the volu
of air in the enclosure without exceeding an extraction rate of 60 vielumes per hour with
suitable depression. In no event shall the depression exceed 2 KP& on the manometer
shown in Figure 2.

If an extraction rate of 40 to 60 volumes per hour is obtainéd, the test is stopped after 4

If, with a maximum depression of 2 kPa, the extraction fate is less than 40 volumes pe
hour, the test is continued until 80 volumes have beeh/drawn through, or a period of 8
elapsed.

If it is impracticable to test the complete machine\in the test chamber, one of the follow
procedures shall be applied:

— testing of individually enclosed sections\of the machine (terminal boxes, slip-ring
housings, etc.);

— testing of representative parts ofthe machine, comprising components such as dog
ventilating openings, joints, shaft'seals, etc., with the vulnerable parts of the mach
such as terminals, slip-ringss8&tc., in position at the time of testing;

— testing of a smaller machine having the same full-scale design details;
— testing under conditions determined by agreement between manufacturer and user

In the second and third-cases, the volume of air to be drawn through the machine unde
is as specified for the"whole machine in full scale.

The protection is\gatisfactory if, on inspection, talcum powder has not accumulated in 3
quantity or location such that it could interfere with the satisfactory operation of the ma
or lead to tracking along the creepage distances.

b)  Wire test

If the-machine is intended to be run with open drain hole(s), these shall be tested in the
same_manner as the first characteristic numeral 4, that is, using a 1 mm diameter wire.

he
has
for

1

me

h has

ne,

I test

thine

Testin accordance with 5 a).
The_protection is satisfactory if, on inspection, there is no ingress of talcum powder.
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Dimensions in millimetres
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Key
1 Handle 4 Stop face 7 R2 0,05 cylindrical
2 Guard 5 Joints 8 R4 £ 0,05 spherical
3 Insulating material 6 Chamfer all edges
Tolerances on dimensions without specific tolerance:
0 . .
on angles: |_0) ° on dimensions: up to 25 mm: (_8’05) mm;

over 25 mm: £ 0,2 mm
Material for finger: e.g. heat-treated steel.

Both joints of this finger may be bent through an angle of(90+1§ )° but in one and the same direction only.
Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°.

For this reason, dimensions and tolerances of these details are not given in the drawing. The actual design shall
ensure a 90° bending angle with a 0° to +10° tolerance.

Figure 1 — Standard test finger
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1 V4qlve 5 Machine under test 9 Glass window

2 Duyst filter 6 . Talcum powder 10 Vibrator

3 Aif flow meter 7. Guard screen 11 Circulating pump
4 Vgcuum pump 8 Pressure gauge

Figure 2 —Equipment to prove protection against dust
10 Tests for secondjcharacteristic numeral

10.1
Test conditions<for the second characteristic numeral are given in Table 5.

Test conditions

enclgsdre may be partly condensed. The dew which may thus be deposited should not be

mlst kan far an inaranca AFf oty
AT TOT o mgrocos U vwatcTs

The%est shall be conducted with fresh water. During the test, the moisture contained inside the

For the purpose of the tests, the surface area of the machine shall be calculated with an
accuracy of 10 %.

When possible, the machine shall be run at rated speed. This can be achieved by mechanical
means or by energization. If the machine is energized, adequate safety precautions shall be
taken.
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