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Information on the revision work, the issue of revised
editions and amendments may be obtained from IEC
National Committees and from the following IEC sources:

* BullIt-i-n-de—h CEF
® Anngaire de la CEI
Publié annuellement

® Catajlogue des publications de la CEI
Publ{é annuellement et mis 3 jour réguli¢rement

Terminolpgie

En ce qui cpncerne la terminologie générale, le lecteur se
reportera A la CEI 50: Vocabulaire Electrotechnique Inter-
national (VEI), qui se présente sous forme de chapitres

séparés traftant chacun d’un sujet défini. Des détails

signes d’ushge génér@r

readers are rgferred to IEC 50:
ary (IEV), which
f separate chapters each dealing
” Full details of|the IEV will be
See also the [[EC Multilingual

s-and definitions contained in|the present publi-
on have either been taken from the[IEV or have been
fically approved for the purpose off this publication.

Fraphical and letter symbols
For graphical symbols, and letter symbols and signs
approved by the IEC for general use, r¢aders are referred

to publications:

— IEC 27: Letter symbols 1o be|used in electrical
technology;

— IEC 417: Graphical symbols for use on equip-
ment. Index, survey and compilafion of the single
sheets;

— 1IEC 617: Graphical symbols for diagrams;

and for medical electrical equipment,

— IEC 878: Graphical symbols for electromedical

électriques en pratique médicale.

Les symboles et signes contenus dans la présente publi-
cation ont été soit tirés de la CEI 27, de la CEI 417, de
la CEI 617 et/ou de la CEI 878, soit spécifiquement
approuvés aux fins de cette publication.

Publications de 1a CEI établies par le méme
comité d’études

L’attention du lecteur est attirée sur les listes figurant a la
fin de cette publication, qui énumérent les publications de
la CEI préparées par le comité d’études qui a établi la
présente publication.

equipment in medical practice.

The symbols and signs contained in the present publi-
cation have either been taken from IEC 27, IEC 417,
IEC 617 and/or IEC 878, or have been specifically appro-
ved for the purpose of this publication.

IEC publications prepared by the same
technical committee

The attention of readers is drawn to the end pages of this
publication which list the IEC publications issued by
the technical committee which has prepared the present
publication. :
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS -

Part 2: Equipment requirements and tests

FOREWORD
1) The fofmal decisions or agreements of the [EC on technical matters, prepared by Techhical
which pll the National Committees having a special interest therein are represente press,

possibje, an international consensus of opinion on the subjects dealt with.

Committees in that sense.
3) In ordgr to promote international unification, the IEC expresses
should adopt the text of the IEC recommendation for their national rule

permit] Any divergence between the IEC recommendation and
far as possible, be clearly indicated in the latter.

This parnt of International Standard |
Devices] of IEC technical committee No."65:

The text|of this standard is based on th fo@gg

Wnthw \’ﬁepon on Voting

22 65A(C0O)27

Full info
Report i

Annexes ~ ngn integral part of this part of IEC 1131,

Annex { and £ are 1ot information only.

mmitt
ne

:tas on
ly as

Jttees
s will
d, as

BSA:
rol.

IEC 1131 will consist of the following parts, of which this is the second, under the general

title: Programmable controllers :

Part 1: 1992, General information.

Part 2: 1992, Equipment requirements and tests.

Part 3: Programming languages (being printed).

Part 4: User guidelines (under consideration).

Part 5: Messaging service specification (under consideration).
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INTRODUCTION

This part of IEC 1131 constitutes part 2 of a series of standards on programmable control-
lers and the associated peripherals and should be read in conjunction with the other parts
of the series.

Where a conflict exists between this and other IEC standards (except basic safety stan-
dards), the provisions of this standard should be considered to govern in the area of pro-
grammable controllers and their associated peripherals.

Compliance with Parts 1 and 2 of this standard cannot be claimed unless all tests and
verifications required in part 2 are complied with. See 5.4 for details.

Terms of general use are defined in part 1. The more sp erms.a ined in a

dedicated clause of each part.
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PROGRAMMABLE CONTROLLERS -

Part 2: Equipment requirements and tests

1 General

1.1 Scope

This International Standard applies to programmable controllers and their associated
peripherals such as programming and debugging tools (PADTSs), test equipment (TE)|and

man-machine interfaces (MMIs), etc.

Equipmégnt covered in this standard is intended for use in overvoltage categary\l! ?see
IEC 36414-443), in low voltage installations, where the rated ¢hains
not excged 1 000 V a.c. (50/60 Hz), or 1 500 V d.c., mand of
machinep and industrial processes.

Programmable controllers and the associated peripherz i ents
of a con y 3 .| this
standarg bller
system i am.

Since prpgrammable coqtro ers'e § , afety

including installation and\gp ion i d-the scope of this standard. For fugther
information, refer 4 whicl ow-
ever, electrical n g the
use of parity checkin

1.2 Obje

The purp

to| establish the” definitions and identify the principal characteristics relevant to] the
selecl ion“and application of programmable controllers and their associated peripherhls;

— to specify the minimum requirements for the functional characteristics, service
conditions, construction characteristics, general safety, and tests applicable to program-
mable controllers and the associated peripherals;

— to define, for each of the most commonly used programming languages: major field
of application, syntactic and semantic rules, simple but complete basic sets of program-
ming elements, applicable tests and means by which manufacturers may expand or
adapt those basic sets to their own programmable controller implementations;

— to give general tutorial information and application guidelines to the user;
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— to define the communication between programmable controllers and other

electronic

systems using the Manufacturing Message Specification (MMS) defined in

ISO/IEC 9506.

1.3  Object of this part

Th

is part specifies

— the electrical, mechanical and functional* requirements for programmabl

e control-

lers and the associated peripherals and the service, storage and transportation

conditions that apply;

= the information that the manufacturer is rnqnirad to enprr_\ly;

1.4.

fig

1.4.

req

1.4.

co
bo

.4 Definitions

4.1 accessible part:

— the test methods** and procedures that are to be used\for_the \yeri
compliance of programmable controllers and their assogci

requirements.

~3

NOTE - This clause contains the definitions of terms whi
order to make it more self-contained. Terms of general

2) A conductive part which can re

s 11, class lll: see equipment (1.4.16).

he shortest distance between two conductive parts, or I

ication of
with the

the object of this part in

1) A part which can be touched byt jointed/test finger (see IEC 5p9) .

adily Be t red and which is not normally live, but
' ions, HEV 441-11-10 modified]

entative configuration(s) used for type tpsts. See

energy source which may be rechargeable or non-

etween a
N air. The

1duct|ve part and the bounding surface of the equipment, measured throug
inding surf

ce is the outer surface of the enclosure considered as though mletal foil is

pressed into contact with accessible surfaces of insulating material

1.4.6 coating, protective: A coating of suitable insulating material that covers the clear-
ance and/or creepage distance of the printed board and conforms to the surface of the
board in such a manner that the environment is excluded and the clearance and/or
creepage distance can withstand the required impulse and continuous potential.

*

Functional requirements are contained in both the electrical and mechanical clauses.

** The tests are type tests or production routine tests, and not tests related to the ways programmable

controller systems are applied.
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NOTE - Coating is normally applied to exclude the effects of atmosphere and to increase the dielectric
properties of the clearance and/or creepage distances which would not normally be adequate without
coating. Less effective coating may exclude the atmosphere but cannot be relied on to enhance the
dielectric properties.

1.4.7 comparative tracking index (CTI): The numerical value of the maximum voltage at
which a material withstands 50 drops of NH,CI solution (ammonia chloride) without
tracking (see IEC 112).

1.4.8 coverage factor (for modules, units, external wiring, internal wiring, removable
cables, mterconnectlons and functlons) The percentage of modules units, external
wirings, v i

absenc
withap

or fallure is detected by bunt in test functlons or by a swtable
oper functioning verification procedure. See 6.3.2.

1.4.9 cyeepage distance: The shortest path between two conuctlv Rart en a
conductive part and bounding conducting surface of the the
surface ¢f the insulation.

1.4.10 | current sinking: The act of receiving curre

1.4.11

1.4.12 of the permissible total cufrent
(total OLI currents of multi-channel odtput
module normal service conditions

1.4.13 | earth: The ¢ rth, whose electric potential at any poipt is
conventipnally ta (Synonymous with protective earth.)

for

2) protective 'eatth: i : iti i i nhigh

1.4.15 enclosure: A final mounting housing which provides protection against acci-
dental contact with live and/or moving parts. (See equipment, open and equipment,
enclosed.)

1.4.16 equipment (or circuit) class I, class li, class lll: Class numbers designate the
means by which electric shock protection is maintained in normal use and likely fault
conditions of the installed equipment.

1) class | circuit or equipment: Circuit or equipment in which protection against
electric shock does not rely on basic insulation only, but which includes an additional
safety precaution in that accessible conductive parts are connected to the protective
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earthing conductor in the fixed wiring of the installation in such a way that they cannot
become live in the event of a failure of the basic insulation. For equipment intended for
use with a flexible cord, this provision includes the protective earthing conductor as
part of the flexible cord.

NOTE - Class | equipment may have parts with double insulation or reinforced insulation, or parts operat-
ing at safety extra-low voltage.

2. class Il circuit or equipment: Circuit or equipment in which protection against
electric shock does not rely on basic insulation, but in which additional safety pre-
cautions, such as double insulation or reinforced insulation are provided, there being
no provision for protective earthing or reliance upon installation conditions.

Such equipment may be of one of the following types:

rable and
all con-
brews and

i)  insulation-encased class Il equipment: equipmg
substantlally contmuous enclosure of msulanng m i

i) ontinuous
for those
iii)
NOTES
1 pplementary
2 If equipment ive earthing
terminal or contag
ign against
$ELV) and

the pos-

movmg parts contained therein and to protect the equipment against ingress ¢f medium
e solid foreign bodies, and meeting requirements of mechanical strength, flammability,

1.4.18 equipment, fixed: Equipment which is part of the permanent installation.

1.4.19 equipment, hand-held portable: Equipment which is intended to be held in one

ha

nd while being operated with the other hand.

1.4.20 equipment, open: Equipment which may have live electrical parts accessible,
e.g. a main processing unit. An open equipment is to be incorporated into other
assemblies manufactured to provide safety.
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1.4.21  equipment, on-line pluggable: Equipment which can be plugged or unplugged
from the PC-system at any time including when the PC-system is operating, without
disturbing or disrupting the normal operation of the PC-system and without any increased
risk to the operator and the application.

1.4.22 equipment, portable: Enclosed equipment which is intended to be transported by

hand-carrying, such as programming and debugging tools (PADTs) and test equipment (TE).

1.4.23 hazardous voltage: Voltage exceeding 42,4 V peak or d.c., existing in a circuit
which does not meet the requirement for a limited energy circuit.

1.4.24 | immunity: Ability of the PC-system to be unaffected or to maintai htion
within limits specified by the manufacturer when submitted to i i ities
specifiedl in this standard.

1.4.25 | input, digital, type 1/type 2 (type 1 digital input, tyf

1) type 1 digital input: Digital input for sensing Signals_fro htact
switching devices, such as relay contacts, pushbuttons, switch gital
inputs may not be suitable for use with solid state devices such as’sensors, prox|mity
switches, etc. 6

2) type 2 digital input: Digital input ignais“from solid state switghing
devices such as 2-wire proximity swi . 3 could also be used for type 1

appli¢ations.

1.4.26
1) bg : Insulati d tolive parts to provide basic protection against
electgic shoc
2) supplementa ation: asic
insulation in ord re of
the basic insulati
3) doublé ins ation comprising both basic insulation and supplementary
insul
4) reinforcedhinsutation: Single insulation system applied to live parts which provides
a deg the
conditions.speci
NOTE he_term “insulation_svstem” doos—not_imo hat the—insulation—my bo—in—a omogedeous
piece. It may comprise several layers which cannot be individually tested as supplementary or basic

insulation.

1.4.27 interface: Shared boundary between a considered system and another system,
or between parts of a system, through which information is conveyed. See 3.1.

1.4.28 isolated (devices, circuits): Devices, circuits with no galvanic connection
between them.

1.4.29 live part: Any conductor or conductive part which is at a voltage in normal use.
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1.4.30 mains power supply: Power from the conductors/mains of the permanent instal-
lation of the building at the supply voltage to the PC-system.

1.4.31  main processing unit (MPU): The portion of the PC-system which interprets or
executes the (main part of the) application program. The MPU may include power supply,
memory, and 1/Os. See annex B of IEC 1131-1 and 3.1, 3.6 and annex A of this part.

1.4.32 man-machine interface (MMI): Manufacturer's catalogued peripheral equipped
with pushbuttons, lamps, keyboards, displays or equivalent, intended as operator inter-
face, such as motor control/monitor panel, general purpose operator interface, etc.

MMIs may be part of the permanent installation (e.g. moupted\on bls, doors,
bqgards, etc.) or not.

1.4.33 material group: Classification of insulating bmparative
tracking index (CTI) range (see 4.3.3).

-

1.4.34 micro-environment: Ambient conditi
creepage distance under consideration.

NOTE - The micro-environment of\the 2 8 e hment of the
equipment determines the effect of th 3 brse than the
environment of the equipment. It in
magnetic, pollution, etc. (See [EC 6

1.4.35 modulg;
ornbase.

1436 m
to|1/0 module

1.4.37 multi ) odule: Module containing multiple input and/or oltput user
channel module may or may not be a multi-circuit moddle.

oltage—catego of acircuit orw an—electrica om)}—A conven-
tional number based on limiting (or controlling) the values of prospective transient
overvoltages occurring in a circuit (or within an electrical system having different nominal
voltages) and depending upon the means employed to influence the overvoltages.

NOTE - In an electrical system, the transition from one overvoltage category to another of lower category
is obtained through appropriate means complying with interface requirements, such as an overvoltage
protective device or a series-shunt impedance arrangement capable of dissipating, absorbing, or diverting
the energy in the associated surge current, to lower the transient overvoltage value to that of the desired
lower overvoltage category.

1.4.40 PC-system: Synonymous with programmable controller system as defined in
2.5.1 of IEC 1131-1, see annex A of IEC 1131-1 and annex A of this part.
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1.4.41 permanent installation: See annex A of IEC 1131-1 or annex A of this part.

1.4.42 poliution degree (in the micro-environment): For the purpose of evaluating
clearances and creepage distances, the following three degrees of pollution in the micro-

environment are established:

1) pollution degree 1: No pollution or only dry, non-conductive pollution occurs. The

poliution has no influence.

2) polilution degree 2: Normally, only non-conductive pollution occurs. Occasionally,

however, a temporary conductivity caused by condensation shall be expected.

3) pogllution degree 3: Conductive pollution occurs, or dry, non-cggductive\péliytion

occurg which becomes conductive due to condensation which is exp

NOTE

1 The conductivity of a poliuted insulation is due to the deposition of forgign-matter andinoistice.

2 The minimum clearances given for pollution degrees 2 and 3 are/b er thgn on

fundamental data.
1.4.43 |protective earthing conductor, termina tive
(1.4.14).
1.4.44 -totline
voltage)
1.4.45 [recurring peak istic
is recurfing at some rally
generated in switch- S - ircui .C. .c. to d.c. converters).
See 4.3.3.2.
1.4.46 iop or
maintens ,lete.
are gengrally
1.4.47 o ow voltage (SELV): A voltage which, under all operdting
condition]s does™not exceed 42,4 V peak or d.c. between conductors, or between |any
conductqr and earth, in a circuit which is |solated from the mams power supply by mgans
of a safe rmer lation ) be

considered for a correct isolation voltage rating.

1.4.48 safety extra low-voltage circuit (SELV circuit): Circuit which is so designed
and protected that under normal and single fault conditions the voltage between any two
accessible parts, one of which may be earth or a conductive accessible part connected to
earth, does not exceed the safety extra-low voltage and in which overvoltages higher than

SELV are not generated.

1.4.49 Subassembly: Synonymous with unit (1.4.53).
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temperature (ambient air):
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1) For enclosed non-ventilated equipment that is cooled by natural air convection, the
equipment ambient air temperature is the room temperature 1 m away from the surface
of the enclosure on a horizontal plane located at the vertical mid-point of the enclosure.

2) For enclosed ventilated equipment, the equipment ambient temperature is the

temperature of the incoming air.

3) For open equipment, the ambient air temperature is the temperature of the incoming

air immediately below the equipment.

total output current (of an output module): The current that a multi-channel

module operating at the most adverse combination of normal service conditions can

supply without any part of it (insulation, terminals, exposed conductjve parts, etd.) exceed-
ing the specified temperature limits.
NOTE - For a multi-channel module, the total output current is generdlly fess\thanm\the‘sum g the output
currents of the channels.
1.4.52 test (routine, type, immunity type, withst
1) routine test: Test to which each individu subjected during or
after its manufacturing process to ascertainwhe ith certain cyiteria.
2) type test: Laboratory tes gic PC-systems or §amples of
catalogued devices is (are) subj that jts (their) design{s) megt require-
ments expressed in this stand
PC-system
operation is not altexed by which are
intended to app
During thé\te o be pro-
vided by\the
n limits that
ication of
5 ability to
: em is not
e withstand test. After a specified recovery period, a propgr function-
ing ve procedure is performed as specified to check visually pnd/or by
it that the test had no detrimental effect on the basic PC-system.
NOTE - The impact test (see 6.3.5.5.1) is classified as withstand test though it may affect the operability
of the basic PC-system.
1.4.53 unit: For the purpose of this standard, a unit is an integral assembly (Which may

consist of modules plugged in or otherwise connected within the assembly) and which is
connected to other units within the system by means of cables for permanently installed

un

its and cables or other means for portable units.


https://iecnorm.com/api/?name=dbef3d75e14dd9e44fecc7d85a03630e

1131-2©IEC -17 -

1.4.54 wiring (internal, external):

1) Internal wiring: Wiring which is inside the open or enclosed PC-system eduipment.

2) external wiring: Wiring of the PC-system equipment which is normally installed by
the user.

1.5 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provusnons of this part of IEC 1131 At the t|me of pubhcatlon the editions
indicated : 3 agreements
based
the mosj
ISO maintain registers of currently valid International Standards.

IEC 38:(1983, IEC standard voltages.

IEC 50(1151): 1978, International Electrotechnical Vogabulary— &h 151: Electricaf and
magnetic devices.

IEC 50(
control

gear,

IEC 6011: test

requirer
IEC 68-2

IEC 68-2-

IEC 68-R- pady
state.

IEC 68-2 ation
(sinusoi

IEC 68--14: 1984, Environmental testing — Part 2: Tests — Test N: Change of tefnpe-
rature.

IEC 68-2-27: 1987, Environmental testing — Part 2: Tests — Test Ea and guidance: Shock.
|IEC 68-2-30: 1980, Environmental testing — Part 2: Tests — Test Db and guidance: Damp
heat, cyclic (12 + 12-hour cycle).

IEC 68-2-31: 1969, Environmental testing — Part 2: Tests — Test Ec: Drop and topple,
primarily for equipment-type specimens.
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IEC 68-2-32: 1975, Environmental testing — Part 2: Tests — Test Ed: Free fall.
IEC 85: 1984, Thermal evaluation and classification of electrical insulation.

IEC 112: 1979, Method for determining the comparative and the proof tracking indices of
solid insulating materials under moist conditions.

IEC 255-4: 1976, Electrical relays — Part 4: Single input energizing quantity measuring
relays with dependent specified time.

IEC 364-4- 443 1990 Electncal /nstallatlons of burldlngs — Pan‘ 4 Protectlon for safety —
4 , , against

bmpilation

bf certain

learances

test and

fetermination of the flammability of solid| electrical

igniting source.

ment and

ment and

IEC 801-4: 1988, Electromagnetic compatibility for industrial-process measurement and
control equipment — Part 4: Electrical fast transient/burst requirements.

IEC 801-5: 199X, Electromagnetic compatibility for industrial-process measurement and
control equipment — Part 5: Surge immunity requirements (under consideration).

IEC 947-1: 1988, Low-voltage switchgear and controlgear — Part 1: General rules.
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IEC 947-5-1: 1990, Low-voltage swilchgear and controlgear — Part 5: Control circuit
devices and switching elements — Section One: Electromechanical control circuit devices.

IEC 947-5-2: 1992, Low voltage switchgear and controlgear — Part 5: Control circuit

devices and switching elements — Section 2: Proximity switches.

IEC 950: 1991, Safety of information technology equipment, including electrical business

equipment.

ISO/IEC 9506-1, 1990: Industrial automation systems — Manufacturing Message Specifi-
cation — Part 1: Service definition.

ISO/IEC 9506-2: 1990, Industrial automation systems — Manufacturing Message

tion —~ Part 2: Protocol specification.

2 Servjce conditions and physical environment related req

2.1 Normal service conditions

It is the
exceeded.

2.1.1  Rhysical environmental conditio

21141

Operatin

user's responsibility to ensure that the

ganditions are

ecifica-

not

\z\nﬁg\se{{equipmem
K til

Q Open equipment
/\ d/non-ventilated) (note 2)
TN@anent Non-permanent Permanent Non-permanent
imhit installation installation installation installation

Temperature \ X 40 40 §5 T o (nOte 3)
range &\ in. 5 5 5 T iq. (notd 3)
Average tdmperatiire

over24 h Max. 35 35 50 T,, (note B)

NOTES

1 See definitions in 1.4.50 and in annex A.

2 Open equipment is designed to be mounted within an enclosure where the equipment

ambient air temperature which is measured immediately below each individual assembly may
be up to 15 °C above the maximum room ambient air temperature.

No forced external cooling is assumed (see 4.5.1).

Open peripherals which are intended to be permanently installed as part of the PC-system shall
meet the operating temperature range of the PC.

3  Equipment ambient air temperature limits (T_, . T_,. T,) for open peripheral equipment

not intended to be permanently installed shall be specified by the manufacturer.
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2.1.1.2 Storage temperature

The allowable temperature range is -25 °C to +70 °C.

21.1.3 Relative humidity

The manufacturer may select one of the two following levels.

Table 2 — Operating ambient air relative humidity (notes 1 and 2)

Relative humidity severity level Relative humidity range
RH-1 50 % t0 95 % )
RH-2 5 % to 98 %
NN

NOTES
1 Non-condensing.
2 See 2.1.2.2 for electrostatic discharge requirements)

SN\
O

2.1.1.4  Pollution degree

The manufacturer shall specify the\polluti gree far which the equipment is s
2115

Cqrrosion condition the application and it is not p
specify normal ¢ evere service conditions, see 2.2.
THe manufa; i p corrosion immunity of the equipment acq
IEC 68.

pctrical service conditions and requirements

2.1.21 A.C. and d.c. mains power supply

hitable.

ossible to

cording to

Refer to 3.2.

2.1.2.2 Electrical noise conditions

Electrical noise conditions vary widely and depend on the installation wiring and other

installed equipment and its proximity to the PC-system.

For the purpose of this standard, the minimum noise conditions to which the PC-system

shall be immune are indirectly expressed by the requirements given in 3.9.1,
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For electrostatic discharge (ESD) the manufacturer may select one of the severity levels of
the following tabie 3. Refer to IEC 801-2 for description of classes of installation.

Table 3 — Electrostatic discharge service conditions

ESD severity levels Class of installation
(coordinated with relative humidity severity levels) (note) {according to IEC 801-2)
Level RH-1 Level ESD-3 3
Level RH-2 Level ESD-4

NOTE - Bee table 2 for definition of relative humidity severity levels.

2.1.2.3 | Overvoltage category. Control of transient overvoltags

The natygre of the installation shall be such that overvoltage I not

be exce¢ded.

Transier i i ; gr supply shall be
controlig ' van the impulse voltage
correspd ipment or the trangient
suppressi gy in the transient. {See
3.10.2)

2.1.2.4 | Non-periodic ove

In the industrial environmen i ge peaks may appear on mains pgwer
supply lines as a result of\powse pptions 0 high energy equipment (e.g. blown fuse
on one branch | } ysteqm). s will cause high current pulses at relatively] low
voltage |levels (approxi ? L . The user shall take the necessary steps to
prevent R by interposing a transformer). See |IEC 1131-4 for

g fall conditions vary widely depending on the installation|and

environment and are very difficult to specify.

For the purpose of this standard, the service conditions are indirectly defined by the follow-
ing test requirements which apply to fixed equipment as well as to unpackaged portable
and hand-held portable equipment (see exceptions in 2.1.3.2). They do not apply to
equipment containing assemblies other than PC-systems and/or associated peripherals.

Experience shows that equipment passing these tests are suitable for industrial use on
stationary installations.

2.1.3.1 Vibrations

Immunity requirements are:
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Table 4 — Sinusoidal vibrations service conditions for PC-systems (notes 1, 2 and 3)

Frequency range Continuous Occasional
Hz
10 f< 57 0,0375 mm amplitude 0,075 mm amplitude
87 <f< 150 0,5 g constant acceleration 1,0 g constant acceleration
150 < f Not defined Not defined
NOTES

H iorlaesyvoa
caTrat—aXxesT

2 Test according to IEC 68-2-6, test Fc.
3 The manufacturer shall specify the method of mounting portab d handield pdrtable
peripherals on the test equipment.

2.1.3.2 Shocks

5 11 ms, half-sine, jn each of

Immunity requirements are: Occasional excurs
three mutually perpendicular axes (IEC 68-2-27

NOTES

1 Devices containing CRTs are exclude rement

2 Electromechanical relays may tempgrarily e 15 g shocks. Temporary malfynctioning is
allowed during the test;/but equipmentsho S sfional after the test.

2133 Freefa

immunity r

— Free fall on concrete floor

Applic o_portable and hand-held portable equipment)
N Portable and hand-held Hand-held portable
portable Not
(Any weight) (Any weight) otes
(Withstand) (Immunity)
R4ndom-drops - 1 000 mm; 2 trials 1and 2
Flatdrops oo mm; 2 rials = 1
Supported drops 30° or 100 mm; 2 trials - 1and 3

NOTES

1 Caution: Temporary malfunctioning is allowed at the impact, but equipment shall be fully func-
tional after the test and not cause a shock hazard. Therefore, if equipment is operating during the
fall, erroneous operation could be introduced upon impact which may require operator correction.

2  From prescribed altitude (normal position of use) see IEC 68-2-32, Procedure 1.

3  From prescribed values given in 3.2.1 of IEC 68-2-31.
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2.2 Special service conditions

When the service conditions are more severe than those given in 2.1, or other adverse
environmental conditions exist, (e.g. air pollution by dust, smoke, corrosive or radioactive
particles, vapours or salts, attack by fungi, insects or small animals), the manufacturer
should be consulted to determine suitability of the equipment or the steps to be taken.

2.3 Requirements for transport and storage of modules and subassemblies

The followi
ing. Tr
require

kag-

When components are included in the equipment which have partic
CMOS domponents, batteries, etc.), the manufacturer shall spe g
made fof transport and storage.

2.3.1 Yemperature

The allowable temperature range is -25

2.3.2 Relative humidity

The relative humidity range is 5 % to 9¢

2.3.3 Atmospheric pre

The mirjimum atpiosp kPa
(equivalent to 3 00

2.3.4 Free falls

Withstar . nits within manufacturer’s original packaging are givén in
table 6 1 ; ey shall be fully functional and shall show no evidenge of
physical procedure in 6.3.5.4.

Table 6 — Free fall on concrete floor
{Appticableto PC-unitsundermanufacturer'soriginatpackaging)

Shipping weight Random free fall
without packaging drop height Number of falls
kg mm
<10 1 000
10 to 40 500
> 40 250

NOTE - According to IEC 68-2-32, procedure 1.
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2.3.5 Other conditions

The user should reach agreement with the manufacturer for any mechanical conditions
that are not specified in this standard. '

2.3.6 Information to be provided by the manufacturer

The manufacturer shall provide shipping and storing instructions.

2.4 Transport and storage conditions of PC-systems incorporated
in complete control assemblies

should be

nsulted.

3 | Electrical requirements

NOTE - Functional requirements for PC-systems including those ¥elating\to\ basic a ed functions

of PADTs are given in 3.6, 3.7 and 3.8.

3. General

A typical PC-system and its inte
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Main processing unit

Programmable
Remote IO station controller
system

(PC - system)

Peripherals
{permanently/non
I permanently) installed

4
AN
A T
(T[T
Ta Te
. nput | C |
modules
Memory
(ies) ( 3rd Party devices
O D {computers,
Processing \\ terminals)
Unit(s) < Mains
power supply

'—— —> @ Protective earthing

—» @ Functionnal earthing

9,

<.m & \ > ‘ < Interfaced devices and signals
Q% terface for remote /O stations.
B
C
D
E

nterface for digital and analog input signals.
= Interface for digital and analog ouput signals.
= Serial or parallel interfaces for data communication with third party

devices.
F = Interface for incoming power supply.
G = Interface for protective earthing.
H = Optional interface for functionnal earthing.

IEC 954192

Figure 1 — Typical interface diagram of a programmable controlier system
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3.2 A.C. andd.c. power supply
3.2.1 Incoming power supply
3.2.1.1  Rated values and operating ranges

Incoming power supplies to the PC-system and to the externally powered /O modules
shall be as shown in table 7 below:

Table 7 — Rated values and operating ranges of incoming power supply

Voltage Frequency Recommend(éd USN Notes

Rated Tolerance Rated Tolerance Power 1/ 5
(Ug) Min. / Max. (Fy) Min. / Max. suppl<\ sigrals

b4 V d.c. ~15%/+20 % _ - R \\ \R\> 1
48 V d.c. id - - \ R 1,2

P4 V a.c. -15%/+10% | 50 Hz or 60 Hz ~5% 145 % = -
H8 V a.c. id

1pOVac. 3,4
280V a.c. 3,4
4Pp0V a.c. 3,4,6
NOTES
1 f the
rated voltage is afle . for
48 Vd.c.
b the
imes
‘ t for
ach 2 % of the total voltage. However, to provide constant comparative

shall be tested at the third harmonic only {10 % at 0 and at 180° phase

4 These rated voltages are derived from |EC 38.

5§ For incoming voltages other than those given in the table such as 100 V a.c., 110 V a.c.,
200 V a.c.,, 240 V a.c.,, 380 V a.c. or 110 V d.c., 125 V d.c., the tolerances given in the table and
notes 1 and 3 apply. These voltage tolerances shall be used to calculate the input limits of 3.3.1.2,
using the equations in annex B.

6 Three-phase supply.
7  For power supplies for analog I/Os, see item 5 of 3.4.1.2.8 and item 3 of 3.4.2.2.3.
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3.2.1.2

Voltage drops and interruptions

1) For short disturbances of the supply as defined in table 8 below, the PC-system
(including RIOSs and non-permanently installed peripherals, see 3.7) shall maintain
normal operation.

2) For longer interruptions of the supply(ies), the PC-system shall either maintain
normal operation or go to a predefined state and have a clearly specified behavior until
normal operation is resumed.

NOTE -

Outputs and fast responding inputs energized by the same supply(ies) will respond to these

power supply variations.

Table 8 — Normal service conditions: Voltage drops and interruptions

Interruption Time interva Q w%g
time between drgps
D.C. supply Severity level PS1 <1ms
Ahy voltage
Severity level PS2 " <10ms und !ower
erational
lmit
A.C. supply < 0,5 period U, (note 2
(note 1)
N\
NOTHS
1 Apy arbitrary phase angle — (see test preced

2 U,.isthe U, at minimum tolerance in 7.
3 PPt applies to PC-systems supplied by batté
PB2 applies to PC-syswd fram re ed a.c. lies and/or long d.c. lines.
N
\/

3.2.1.3 | Non-perio ita
See 2.1.p.4.
3.22 A
Power b emories shall be capable of maintaining stored information for
at least ormal service conditions, and 1 000 h at a temperature not greater
than 25 |°C when the  energy source is at rated capacity. (For power back-up neefling

replacement, the rated capacity is the value used to designate the procedure and time
interval for replacement.)

It shall be possible to change or refresh power back-up without loss of data in the backed-
up portions of memory. (See also 2.3, 3.6.3 and 4.11.)

if a memory back-up battery is provided, a warning of low battery voltage shall be
provided.
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3.2.3 Information to be provided by the manufacturer

In addition to the requirements stated in clause 5, the manufacturer shall provide the
following information: :

1) data to allow selection of a suitable power distribution network to provide specified
voltage at each power utilization point. This information includes peak inrush, repetitive
peak and steady-state r.m.s input currents under full load conditions;

2) external terminal identification for power supply interfaces;

3) typical example(s) for power supply system(s);

4) special supply installation requirements, if any, for S izdd through
multiple power supplies or supply voltages and frequengci i 2.1.1;

— reverse polarity;
— improper voltage level &
- improper lead connection;

6) complete information o haviour for typical power| up/down

sequences;

7) data to allow evaluati ximum values of interruption time which do not
affect th ation ofany PC-system configuration; PS class (PS-1 dr PS-2) of
d.c. suppligd i

ements;

pplicable,
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3.3 Digital I/Os

_29 .

The following figure 2 gives an illustration of definitions of some /O parameters.

Current sinking Current sourcing
PCINPUT (/" 1 PC OQUTPUT
¢ | .
- INPUT ! « COMMON (REFERENCE)
I
| -
Ps COMMON | |_output Ps
(REFERENCE) i C ' ]
. PC SYSTEM | LOAD
______ p—-—-—- /‘;
g E
= = E =
C: Outdut IEC 955192
— Mgchanical or static contact (e.g. dry relay contact, triac, transistor or &
E: Earthings
- Tl} earth shown are optional.
— Earthings is dependent on national regulations and/or application
Z: Inpu
— Ingut impedance.
PS: External power supplies.
NOTE| - Some applications may use only ore P input , and PC-system.
Digital 1/Os shall compl
1) the PC-shalk be \provided ast\one type of input interface and one tyge of
outp interfa i

2) di
given
desig

3) di
3.3.2

the

nin

4) it shall be possible to interconnect inputs and outputs by means of a correct
selection of the above digital I/Os, resulting in proper PC-system operation. (Additional
external load shall be specified by the manufacturer if necessary);

5) it shall be possible to feed multi-circuit a.c. input modules from different phases
and the modules shall then comply with the maximum voltage difference likely to occur
between phases, or the user manual shall include a note indicating that all channels
must be fed from the same phase;
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3.3

Fig
he

Op
sa
be
bo
inp

Th
de

erminati
stgte 1, cur :
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6) if a multi-channel a.c. circuit is intended for multi-phase use the circuit shall comply
with the clearance and creepage distance requirements and the dielectric test
corresponding to the voltage between phases.

NOTES

1 Current sourcing inputs and current sinking outputs which may be required for certain applications are
not covered in this standard. Special care should be exercised in their use. (Where positive logic, current
sinking inputs and current sourcing outputs are used, any short-circuit to the reference potential and wire-
breakage are interpreted by the inputs and loads as the "off state”; on the other hand, for current sourcing
inputs and current sinking outputs, earth faults are interpreted as the "on state".) (See figure 2).

TTL and CMOS circuits, etc. In such a case, the manufacturer's data shall give all rele
the user.

1 Digital inputs (current sinking)
1.4 Terminology (U/I operation regions)

ges which|are used

erating region consists of "on\region iti iop” and "off region". It|is neces-
y to exceed both UT min. and /K mi t region”, and to exceg¢d /H min.

ore UH min. to enter the "o rves shall remain within these
indary conditions. i s.is”a valid part of the "off region” for d.c.
uts only.

p figure also ation of the method explained in 3.3.1.5 for

a 2-wire proximity switch (curve |: worgt case at
and a given input impedance curve (curve ).
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JIUH max f

“"ON REGION"

il CurvelIll .1:
INPUT impedance, state 1

Curvel :
¥~ Proximity switch, worst case at state 1

UH min

"TRANSITION REGION"

] Ajra'— Curvelll .1 : INPUT impedance, state 0

” ca

3.3.1.2

Current |g
table 9.

wing



https://iecnorm.com/api/?name=dbef3d75e14dd9e44fecc7d85a03630e

_32 . 1131-2© IEC

Table 9 — Standard operating ranges for digital inputs (current sinking)

ND: Not defined

Rated Type 1 limits (note 7) Type 2 limits (note 7)
fre-
Rated T
volta quency| 'YP® State 0 Transition State 1 State 0 Transition State 1 Notes
ge F of
n e
Ye Ha ity o {or | m o || oe e {or] m{ow [
\ mA A mA \ mA \ mA A mA \' mA
24 Vd.c.. -— | Max. 18/5] 15 15 30 15 11/5 30 11 30 30 30 1,2,4,5
fotirr =3T-ND 5 0;5 15 ra =3 5 \( r4 i1 6
48 Vdc. — [ Max.| 34/10| 15 34 15 60 15 | 30/10 < 3QX 30 1,2, 4
Min. -6 | ND 10 0,5 34 2 -6 1 2 30 6
24V a.c. | 50/60 | Max. 14/5] 15 14 15 27 15 10/5 30 7 30 1,3

Min. 0 0 5 1 14 2 {

48 Vac. |50/60 | Max.| 34/10| 15 34 15 15/1 29/1

Min. 0 0 10 | 1 0
A 4/2{

1,3

100V a.c.|50/60 |Max.| 79/20] 15 79 1 1,1 30 111U 30 1,3,4,6

A 1
o3 [ S %8 &

N 7
3 a%
O
g 3
[4)

[« T ¢ ]

110V a.c.
120V a.c. Min. 0 0 20 7 4 74 6
200V a.c.]50/60 | Max. [164/40 | 15 164 15 {1, 15 %40 30 159 30 1,1 Un 30 1,3,4,6
230V a.c.
240V ad. Min. 3 0 0 40 5 159 7
~_"
NOTEB

inputs shall be interpreted as state 0 signal. Compatibility with
-6-2 is possible with type 2 (see also note 3). See |annex B for

1 Al logic si
2-wire| proximity sw

equatipns and assumf

2 T de allalternating voltage components.

3  Static switches™mg the total r.m.s. content of true harmonics of the input signals and thefefore affect
the compatibi { t interface with proximity switches, especially for type 2, 24 V a.c. Se¢ 3.2.1.1 for
requir

5 The minimum extérnal power supply voltage for type 2, 24 V d.c. inputs connected to two-wire proximity
switchps, should be higher than 20 V d.c. or UH min. lower than 11 V to allow sufficient safety margin.

6 As allowed by the current technology, and to encourage the design of single input modules compatible with
all commonly used rated voltages, limits are absolute and independent of rated voltage (except UH max.) and
based on equations given in annex B and respectively 100 V a.c. and 200 V a.c.

7 See definitions in 1.4.25.
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3.3.1.3  Additional requirements

Each input channel shall be provided with a lamp or equivalent means to mdlcate the
state 1 condition when the indicator is energlzed

3.3.1.4  Information to be provided by the manufacturer

In addition to the requirements of clause 5, the manufacturer shall provide the following
information:

1)
2)

3)
4)
S)

servi¢e conditions;

6)
7)
8)
9)

10)

release, etc.);

11)

magnletic compatibil

12) [terminal n
13) [typical ei;% :
3.3.15
For a giy
i) w
a)

volt-ampere curve over the full-operating range, with tolerances or equivalent;

existence of common points between channels;
effect of incorrect input terminal connection;
isolation potentials between channel and bus and bet

type of input (type 1 or type 2);

explanation of signal evaluatig

b)| fy&ig- minimum output current load at state 1

rmal

rupt

Ctro-

I: worst case output curve at state 1
when at state 0:

C) loqi: Maximum output current at state 0
Ii: worst case output curve at state 0.

A given proximity switch shall be compatible with a given standard input (curve lli:
impedance curve of the input) if:

its curves | and 11 do not enter the "transition region”, and

its /

hold is smaller than /H min.
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Worst case steady states 0 and 1 shall be respectively at points A and B (at crossings of
I with Il and I).

NOTE - This method may be used for any other type of static switch, such as outputs, etc.

3.3.2 Current sourcing digital outputs for alternating currents
3.3.2.1  Rated values and operating ranges ( a.c. r.m.s.)

Digital a.c. outputs shall comply with the ratings given in the following table 10, at the out-
put voltage(s) stated by the manufacturer according to 3.2.1.1 and IEC 947-5-1, utilization
category AC-15. See item 9 of 3.3.2.3, for other utilization categories.

Table 10 — Rated values and operating ranges for current s <§g\g§xl\a/ outputs
N\

Rated current (state 1) Ie (A) /’é%xw 2 Notes
Culirrent range for state 1 Min. (mA) 1 1 %\)100 100 1,2
{continuous at max. voltage) Max. (A()/\ , /\ 55 1.1 2,2
N < \
)

Voltage drop (state 1)
— | Non-protected output LMa {
— | Protected and short-circuit proof ( Max.

NN

5 5 5 5

[

(X

Lgakage current (state \(\ NI 1
— Bolid state output X. (mA) 53] 10 10 10 2,3
- ElectromechanicaM %\M% ) 2,5 2,5 2,5 2,5

Répetition ra<e\;> orary Mating 4
oVerload cycles/min

- Bolid state dutplts Min. 60 30 30 30

- Relay{'%%ﬂ\tp ts Min. 6 6 6 6
X

b Sup-

pressors. All 8ther values apply to modules with suppression.

ternal

loads to drive type 2 inputs.

4 Typical waveform for temporary overloads (*normal conditions of use") are shown in figure 4.
The test method given in IEC 947-5-1 applies to solid state outputs for "normal conditions of use”
except that the repetition rate shall be as given in the table. For "abnormal conditions of use”, the
requirements given in IEC 947-5-1 apply.
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Currents (A)

_ 35—

4
10lg
1 : 2 cycles at Fp (Fn = rated line frequency)
t2 : "ON" time
13-t2 :"OFF"time ("OFF" time = "ON" time)
13 : Operation time
* Relay OUTPUT * Solid state OUTPUT
0.25 A -1to5A
13 =10 s t3=1s t3=2s
e | 0—  _____ _—-
e - .
0 1§ 92} time (s)
1EC 957192
Figure 4 — Temporary overload waveform for digital a.¢

NOTE |- In |[EC 947-5-1, the curve shown in figure 4 is named "AC-15, no

3.3.2.2 | Additional requirements

Output indicators

Each output channel shall be providé
output sfate 1 condition when the indicato

Protected outputs

For outplts stated by t

2) af
syste shal

1) thp output shalk ei
operafe to pr c
1,1 times the ratéd

means to indicate the

or the associated protective device ghall
state values of output current greater than

acement oy the protective device alone, as applicable, the |PC-

there shall be no evidence of risk of fire or electrical shpck,
overload, the maximum temperature rise of the 1/O insuldtion

Optional restart capabtiities may be selected among the thiee following types:

i) automated restart protected output: a protected output which automatically
recovers after the overload is removed;

ii) controlled restart protected output: a protected output which is reset through
signals (e.g. for remote control);

iii) manual restart protected output: a protected output which implies a human action
to recover. (the protection may be fuses, electronic interlocks, etc.).
See test procedure in 6.3.8.3.2.
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NOTES

1 Operation under overload condition for an extended period of time may affect operating life of the
module.

2 The protected outputs will not necessarily protect the external wiring. It is the user's responsibility to
provide that protection when it is needed.

Short-circuit proof outputs

For outputs stated by the manufacturer to be shon-circuit proof:

4) For all output currents greater than /, max. and up to 2 times the rated value l,, the
output shall operate and withstand temporary overload(s) Such temporary overload(s)

shall be specified by the manufacturer.

pprotective

5) For all output currents prospectively above 20 tﬁnes tR
alone, the

device shall operate. After resetting or replacement of/the p
PC-system shall return to normal operation.

fire or electrical shock and i mperature

rise of the 1/0 insulation shali

Se¢e test proced

Neot-protected g

ufacturer to be not-protected, their operation with the pro-
specified by the manufacturer shall meet all the requirements
proof outputs.

Fg
te
sta

Electromechanigal relay outputs

Electromechanical relay outputs shall be capable of performing at least 0,3 million oper-
ations at the AC-15 utilization category (durability class 0.3) according to IEC 947-5-1.

NOTE - The type test is not required if the relay components have been shown to comply with the require-
ments of IEC 947-5-1.

3.3.2.3  Information to be provided by the manufacturer

~ In addition to the requirements of clause 5, the manufacturer shall provide the following
information with respect to digital outputs for a.c. operation:
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1)

type of protection (i.e. protected, short-circuit proof, not-protected output) and:

— for protected outputs: operating characteristics beyond 1.1 Iy including

the

current(s) level(s) at which the protecting device energizes, the current behaviour

beyond, and the time(s) involved;

— for short-circuit proof outputs: information for replacement or resetting the
tective device as required;

pro-

— for not-protected outputs: specification for protective device to be provided by the

user, as required;

2) output delay time (TQD) and output transfer times (TQT) for state 0 to state 1 and
state|1 to state 0 transitions; ‘

3) [commutation characteristics and turn-on voltage with respéct t ro)voltage
crosding;

4) |existence of common points between channels;

5) |terminal arrangements;

6) |typical example(s) of external connections;

7) |number and type of outputs (e.g. NO/NC countacts, solid.sta dividually isolated
channels, etc.) ;

8) [for electromechanical relays, AF ; ltage of the contacts for
utiliertion category AC-15 and du o ding o IEC 947-5-1 and their
mechanical life;

9) ther
loads

10)

11) etwotksincorporated into the output circuit against
voltage peak

12)

13)

14) bus
and b

15)

16)

17) |output behaviour during interruptions of MPU control, voltage drops and ipter-

ruptions and power up/down sequences (see also 3.6) ;

18)
19)

3.33

way of operation (i.e. latching/non-latching type);
effects of multiple overloads on multi-circuit modules.

Current sourcing digital outputs for direct current

3.3.3.1 Rated values and operating ranges

Digital outputs shall comply with the ratings given in the following table 11, at the output
voltage(s) stated by the manufacturer according to 3.2.1.1 and with IEC 947-5-1 for
utilization category DC-13.
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Table 11 — Rated values and operating ranges for current sourcing digital d.c. outputs

Rated current (state 1) Ig (A) 0,1 0,25 0,5 1 2 Notes
Current range for stage 1 at
maximum voltage (continuous) | Max. (A) 0,12 0,3 0.6 1,2 2,4
Voltage drop
Not-protected output, Max. (V) 3 3 3 3 3
protected and short-circuit 3 3 3 3 3 1
praaf / -
Lepkage current (state 0) Max. (A) 0,4 1 2 /\\2 Q\ 2
Temporary overload Max. (A) According to man?actu*&&s\%ﬁ%&s
N
NOTES

This makes the output incompatible with a type 1 inp

2 The resulting compatibilities between d.c.

load, are as follows:

Rated output current Ie (A):
Type 1:
Type 2:

1 For 1 A and 2 A rated currents, if reverse polarity prot

2
no
no

V drop is gllowed.

xternal

become compatible with all type 1 and

3.3.83" Information to be provided by the manufacturer

Ot i same as for current sourcing outputs for a.c. as fefined in

Information to be provided by the manufacturer for digital outputs for d.c. shall be the
same as for digital outputs for a.c., as defined in 3.3.2.3, except that the specification of
commutation for zero voltage crossing does not apply, and AC-12, AC-13, AC-14 are

replaced by DC-12 and DC-13.
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3.4 Analog I/Os
'3.4.1  Analog inputs
3.4.1.1  Rated values and impedance limits

Rated values of signal range and impedance for analog inputs to PC-systems shall be as
specified in the following table 12.

Table 12 — Rated values and impedance limits for analog inputs

Qignnl range Inpnf imlr_\ndnnf\n limits M/:_wg-l\
-10V, +10V 210kQ N

OV, +10V >10kQ Q\/
1V, +5V >5kQ

4mA, 20mA <300Q \ >

OmA, 20 mA <300 \ 1
(0%
1 Not recommended for future designs.
\(\ @j/
Analog inputs may be designed to be gompatibl dard thermocouples or standard
resistive

sensors. Thermocouple analog
inputs s

9,
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3.4.1.2  Information to be provided by the manufacturer

Table 13 — Analog inputs: information to be provided

3.4.1.2.1 Static characteristics Units and examples
1) inputimpedance in signal range Q
2} Analog input error
~ Maximum errar at 25 °C * % of full scale
— Temperature coefficient + % of full scale/K
3) Maximum error over full temperature range * % of fuli scale
4) Digital resolution Number of bits
§) Data format returned to the application program Binary, BCD, etc.
6) Value of LSB (least significant bit) mV, mA

7) [ MaxiTuTT permanent atfowed overtoad (o damage)
8)| Digital output reading under overload condition

9)| Type of input '

10) Common mode characteristic (d.c., 50 Hz, 60 Hz) if applicable
11) For other inputs (thermocouples, RTD, etc.)

— type(s) of sensor(s)
— measurement range(s)
— linearization method

3.4.1.2.2 Dynamic characteristics K\Kﬁ \/ Units and examples

JAS
1)| Total input system transfer time (TAID TAI U ms
2)| Sample duration time (including settli ms
3)| Sample repetition time ms
4)| Input filter characteristics
— order
— transition frequenc
5)| Maximum temporary deviatioh duri
electrical noise t&t

First, second, ptc.
Hz

+ % of full scale

1)| Conversio Dual slope, SJA.,
etc.

3.4.1.23 GW ckrm \ x Units and exanjples

2) Trig, self-scah,
efe. T
3) RC, opto-isolator,
MOVs, etc.
4) potentials 4nder normal service conditions
A
5) Technical dafa
6) | Common point§ between channels if any
7) | Type, length of cable, installation rules Twisted pair, 50 m max.
recommended to provide noise immunity
8) Calibration or verification to maintain rated accuracy Month, years

9) Terminal arrangements
10) Typical example(s) of external connections
11) Effect of incorrect input terminal connection

3.4.1.2.4 Miscellaneous characteristics Units and examples
1) Monotonicity with no missing codes Yes, no

2) Crosstalk between channels at d.c., 50 Hz and 60 Hz dB

3) Non-linearity % of full scale

4) Repeatability at fixed temperature after specified stabilization time % of full scale

5) Life time of electromagnetic relay muitiplexors, if applicable Number of cycles, of hours
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3.4.2 Analog outputs

3.4.2.1 Rated values and impedance limits

Rated values of signals range and load impedance for analog outputs of PCs shall be as

specified in the following table 14:

Table 14 — Rated values and impedance limits for analog outputs

Signal range Load impedance limits Notes

-10V+i0V 210000 1—

oOV+10V 21000 Q A(1

+V 45V >500Q 1 Q
4 mA, 20 mA <600Q <
OmA, 20 mA <6000 <\\ 3

>

NOTES

1 Voltage analog outputs shall withstand ap 2 wn-to short
circuit.

2 Current analog outputs shall withsgta p_to open
circuit.

3.4.2.2 | Information to be

In additipn to the requiteme the

information:

nufacturer shall provide the follo

ving
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Tabie 15 — Analog outputs: information to be provided

3.4.2.2.1 Static characteristics Units and examples
1) Outputimpedance in signal range Q
2) Analog output error
— maximum error at 25 °C + % of full scale
— temperature coefficient + % of full scale/K
3) Maximum error over full temperature range + % of full scale
4) Digital resolution Number of bits
5) Data format in application program Binary, BCD, etc.
6) Value of LSB (least significant bit) mV, mA
3.4.2.2.2 Dynamic characteristics /U)li.LS and examples
1)] Total output system transfer time (TAQD + TAQT)
2)| Settling time for full range change
3)] Overshoot
4)] Maximum temporary deviation during electrical
noise tests and test conditions (\

N\
3.4.2.2.3 General characteristics Q\\U@S and exanples

1)] Type of protection Opto-isolators | etc.
2)| Isolation potentials under normal service conditions(between chahgel

and a) bus, b) other channels, ¢) power supply(i \
3)| External power supply data if requi Technical ddta
4)| For current outputs with external

voltage drop across the output terminals in\the \

5)| Type, length of cable, installation rilles r
to provide noise immuyni Twisted pair, 50 ;n max.
6)| Calibration or verifigatiog to maintai Months, years
7)| Terminal arrangemehts
8)] Common points/b

8)| Allowed type(s)|of load Floating,
grounded

14) Maximu pF

11) Maximum in ! mH

13) Typicale

13) Outputr

14) Effectef ingorrectOutputterminal connection

3.1Mso@eo%haracteristics Units and exanjples

1) Mon oﬁity Yes, no

2)}| Crosstalkbetween channels at d.c., 50 Hz and 60 Hz dB

3)| Non-linearit % of full scale

4)| 'Repeatability at fixed temperature after specified stabilization time % of full scale

8) Output ripple % of full scale
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3.5 Communication interfaces
3.5.1 General requirements

The configuration which shall be tested according to clause 6 of this standard shall be
equipped with communication interface modules where applicable and with communication
links specified by the manufacturer.

Communication interface modules are subject to all general requirements relating to
service conditions, mechanical construction, safety, markings, etc. (see in particular 2.1,
3.8, 3.9 and clause 4).

3.5.2 nformation-to-be-provided-by-the-manufacturer

If the manufacturer provides communication interfaces to other than<hi ipment,
he shall provide the necessary information for correct operation.¢'This\i i §hal|
include,| but not be limited to, type of link, baud rates, energizatio of
cable to| be used, isolation characteristics, protocols, characte Hing,
etc.

3.6 Main processing unit(s) and memory(ies) of the

NOTE| - This subclause should be read in conjunction wit
(respegtively: RIOSs and peripherals).

L part

3.6.1 (General

d, illustration of PC-system, main
¢éd in this subclause.

See figyre 1 in 3.1, and annex A for(the

definition
processing unit (MPU), main memory and oer

Main processing are part of the permanent PC-instaliation|and
therefore tested ace d ubject to all general requirements relating to
conditiong ; pction, safety, markings, etc. (see in particular|2.1,

3.6.2 Requirements

service
3.8, 3.9,
3.63 | 3tiOR provided by the manufacturer
1)
2) ization, gapacity of data memory and number of bits per word;

3) |[memory type(s) (i.e. CMOS-EPROM, etc.) available;
4)  memory back-up functionality and service requirements if any;

5) data, constraints and procedures to determine a desired configuration (racks,
cables, bus expanders, power supply unit, maximum number of 1/Os per type, maximum
number of 1/0 modules, etc.)

6) description of the programming languages supported by the PC-system (combina-
tion of the PADT and the main processing unit(s);

7)  to what extent the languages defined in IEC 1131-3 are supported, including the
differences if any (objects, instructions, semantic and syntactic rules, etc.);
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8) calculation methods to determine every memory utilization (user’s application
program and data, firmware program and data where applicable) and average,
minimum and maximum value of every relevant time (scan time(s), system response
time(s), transfer time(s), execution time(s));

9) mechanisms in which 1/Os are processed (i.e. use of I/O image registers perio-
dically refreshed by the system, immediate "get/put" type instructions, interrupt and
event-driven programs, etc.) and their effect on the following subjects:

— system response time(s) ;
— restart capabilities (i.e. cold, warm, hot restart) ;
10) detailed times for inputs, outputs, processing, efc.

11) effect of non-permanently installed peripherals on every see item 8
above) when they are plugged/unplugged, connected/disconfecte ir PC-system
interface;

12) PC-system status information concerning cold, Bpplicable.

the process-

3.V Remote input/output statio

RIOSs are part of the permanen inst i efore to be tested agcordingly.
However, for ease of testing, isolz be tested separately where appropriate.
3.Y.1 Require

fully apply

1) Requitem
to RIO&%&}

bs shall be
elays and

vant infor-

3.

In

y:2/ Information to be provided by the manufacturer

addition to the requirements of clause 5, the manufacturer shall provide the following

information:

1)  specifications for the selection of adequate cables and other devices needed for
the communication link;

2) specifications for proper installation of the whole system (including proper
selection of energy source(s));

3) type of /O communication network (point to point, star, multidrop, ring, etc.) ;
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4) principles, procedures and transmission speeds used on the communication link
and their capability to transfer data from and to the RIOSs with respect to error
coding/detection and to the delays of transmission in the best, most likely and worst
cases;

5) effect on transfer time(s) introduced to provide remote input information and
RIOSs status to the user’s application program and to transmit its logical decisions to
remote outputs;

6) specified values and delays according to 3.7.1;
7)  configuration related data: maximum number of RIOSs in one single PC-system

Conﬁgwaﬁull, miAmax—sizeofeachr
8) which I/0 modules of the total I/0 system may not be used in R1QS Nhich

of thgir functions are altered if any;

9)
10)
11)

12) i isti icatign i i ding isolation chgrac-
teristics, i ' ilftin short-circuit protections,
etc.;

13)

14)

15)
PC-s)

to a
3.8 Pari
3.8.1 |

malihe

syste

permanent part of the PC-system shall causg no
)en making or breaking communication with an operating

2) C S péripherals shall be polarized to prevent improper connection, or
the PLC- syst M1 shal be so designed that no malfunctlon occurs.

)T m-sh .
ensure that the edited program executlng in the PC -system is functlonally identical to
the edited program displayed on the peripheral.

4) If on-line modification of the application program and/or the modes of operation of
_the PC-system by a peripheral is possible (i.e. when the PC-system is in active control
of a machine or industrial process), then:

— the peripheral shall automatically give clear warnings equivalent to "during on-
line modification, program display may differ from application program, control of
the machine/process may be interrupted during ... ms, etc.", as applicable,
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— the peripheral shall ask similar meaning words to "do you really want to carry out

this action?" and execute the command only after a positive reply has bee
the operator,

n given by

- it shall be possible to upioad the new application program to the manufacturer’s
supplied data media and verify, on line, that the record is functionally equivalent to

it,

— means shall be provided to minimize unauthorized use of these functionalities

(hardware or software).

3.8.2 Information to be provided by the manufacturer

3.9
3.9
As
wh

wit

Th

radiiated electromagn

- atro O O O o1t O » - - atd OC

or programs in the memory, forcing input or output signal, etc.
2) Usability of peripherals at RIOSs.

3) Service conditions for peripherals which are inten
severe than stated in clause 2 (such peripherals
the rest of the PC-system through communicg

¥ Noise immunity and emitte
8.1 Electrical noise immunity re

receiving equipment, PC-systf interferences from condug

tic fields,

$ and consequently interfering Vi

1) Clear warnings and precautions to be observed when using functions enabling

ng of data

ment less
nected to

ted noise,

discharges. General rules of installation

pltages at

els shall be
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Table 16 — Electrical noise immunity requirements for PC-system
and stand-alone peripherals (notes 1 and 2)

Electrical noise tests Electrical noise severity levels
Maximum surge Digital 1/0s
energy All power Digital I/Os Ug <24V Notes
er.umum source supplies Ue >24V Analog, communi-
impedance cation 1/Os
Electrostatic discharge 160 pF/150 Q 3,4
-  For lgvetRH-+ESB-8 = 8kV 8k 8KV
~  For lgvel RH-2: ESD-4 - 15 kV 15 kV \( 185V
Radioelecfromagnetic field 10 V/im 10 V/ 3
Conducteq noise
-~ Fast transient 4 mJ/spike at 2 kV 2kV kv N\ 0,25V 3
Comnpon mode on 50 Q X
— Damped oscillatory wave 200 Q 3,5
Serie$ mode
NOTE$
1 Tg N i nfigugation(s) constituted by the| PC
configliration, and all peripherals that can be ¢ S d'which are intended for use under the nogmal
servic;{ vihall
simulafe on-line making/breaking of the hen
permapently installed, perip 5 ir “monitor"” mode or equivalent. (There i§ no
require
2 Tgsts are perfarmed Brals providing stand-alone functions such as off-line dgcu-
mentafion, progr@g, icating memory storages, etc.
3 A puts may be affected temporarily during the disturbance| but
shall the disturbance, and shall stay within the manufacturer’s specified
limits
4 Elpc ic di ges,_are applicable to all accessible conductive parts and insulating surfdces
of the mally accessible to the operator such as switches, keyboards, module external
packagi shields sf 'connectors etc. and to the protective and/or functional earth terminals,|but
not to the signaibi
5§ Revisionof theserequirements is under consideration pending availability of IEC 801-5.

3.9.2

Information to be provided by the manufacturer

The manufacturer shall state if his peripherals are intended to be used under normal
service conditions or solely in a less severe environment (e.g. office environment).

3.9.3

Emitted noise

Due to differing national regulations, emission levels cannot be specified. Equipment shall
meet the levels specified in every country of concern.
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3.10 Dielectric properties
3.10.1 General

Isolation may be provided for either safety (i.e. protection against electric shock) or
functional purposes (e.g. RF| immunity). Isolation requirements (clearance/creepage) for
safety purposes are given in 4.3.

3.10.2 Dielectric withstand requirements

1) Unless otherwise specified by the manufacturer, clearance and creepage require-
ments of 4.3 shall be verified by mechanical measurement where possible.

2) If mechanical measurement is not performed, the electric 1 shall be

carried out.
Exceptions:
This test need not be done:

— between isolated SELV circuits and ads {frames,
enclosures, earth terminal, etc.);
- beparately
- specified
3) When subj ther than
SELV circuits 3
b) ac i
shall withsta and their

rated volts
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Table 17 — Dielectric withstand voltages for impuise a.c. power frequency and d.c. tests

300 <Ue_<_600 150 <

300 < 6 000 M 000

Rated voltage of circuit Ue Test voltages at 2 000 m (note 1)
Va.c. r.m.s. or V d.c. (note 2) \

For basic and supple- For reinforced insulation Impulse, peak A.C.r.m.s. D.C.

mentary insulation {note 3) 1,2/50 ps (note 4)
(note 4)

0 < Ues 50 500 350 500

50 <U_<100 0 <U_ < 50 800 560 800

100 <Ues150 50 <Ues 100 1 500 1060 1.500

150 |< U, <300 100 <Ues150 2 500 17 2500

Ue < 300 4000 2\830 00

Ue

A
2
o

N
NOTES \

S¢e annex D: correction factor for testing at other altitudes’

—t

2 Rated voltage at the field wiring terminals of the device or cifcuijt.

8 Class Il and applicable class Il circuits.

4 S¢e6.3.6.1.1. <\

NOTE |- To recognize current practices, th ma ture ect alternatively to verify the dielectric
strength by the application o 0 o |n|mu duration of 1 min.

4) When subject to the i S olation between isolated SELV circuits |and
other |non-SE irc 8 application during three cycles of 1500 V
a.c. rim.s volta i ak value (i.e. 2 121 V) for the impulse or [d.c.

voltage, regardles

NOTE icab i ions shall be also considered for SELV circuits.

5 W
ible ¢
the sgme yoltage

jncludes an equipotential conductor isolated from the access-
shall be regarded as an isolated circuit and shall be tested to
as’the assembly to which it belongs.

3.10.3 \lnformation to be provided by the manufacturer

In addition to the requirements of clause 5, the manufacturer shall provide the following
information through convenient documentation and marking:

1) rated isolation voltage and class of each PC-system subassembly;

2) maximum permanent current withstandable by the incorporated protective
conductors and connections (see item 6 of 4.7.2).
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3.11  Self-tests and diagnostics
3.11.1  General

The manufacturer shall provide means of self-tests and diagnostics of the PC-system
operation. Such means shall be built-in services of the PC-system, and/or recommended
ways to implement the intended application.

3.11.2 Requirements
1) The following means shall be provided:

a) a means for monitoring the user’s application program (i.e. watchdog timer,
etc.);

mory(ies),

he power

2) The permanently installed PC-system-s 3 ‘ v i rm signal
on an alarm output. When the system g i stioning correctly” this alarm
output shall be in a predeteriined_st > Se it shall go to thg opposite

state. The manufacturer shall sg { yadi the "correct functioning state"

g ‘ o%n an alarm signal on an alarm output (for
example, through a_di in the event of loss of power or loss of

go to a predetermined state (see 3.7)).

3.1 by the manufacturer
In iti ' iceme of clause 5, the manufacturer shall provide the| following
inf i

ptioft ' of\ tests and diagnostics which are implemented and when| they are
permanently, periodically, upon user’s application program request,

R)/ correct functioning state and driving conditions of the alarm output(s) (see|3.11.2).

4 Mechanical requirements

4.1 General

This section specifies mechanical construction requirements for PC-systems equipment
(i.,e. MPU, RIOSs, permanently/non-permanently installed peripherals). Components
connected to the mains power supply of the installation such as power supplies, I/0O
modules, communication interfaces, memory subsystems are considered subject to the
provisions of this clause.
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‘The programmable controlier equipment and the associated ' peripherals shall be
constructed to withstand the conditions stated in clauses 2 and 3.

4.2 Protection against electrical shock hazard

1) Each entity of the PC-system shall be designed to meet class 1, class Il or class Il
specifications as defined in 4.2.1, 4.2.2 or 4.2.3.

2) Open equipment is not required to meet IP2X requirement. However, warning
labels, hazard symbol 417-1IEC-5036, and/or mechanical disconnect means shall be
required on the final system enclosure to be provided by the user, to minimize the risk

of accidental shock hazard during maintenance. Opening of the enclosure shall only be
poss|hln h\l means-of-a I(au ortool

TOTTT

3) Arny class | or class Il enclosed equipment shall be IP2X accord

4) Agpertures in class Il equipment shall be tested with the fig-

ure 2Q and 2.1.2 of IEC 950.

5) Lejakage current of cord connected devices shall
IEC 950.

ied in

NOTE idefilm on metal partg and
beads ental contact with hazarflous
live parts.

421 (lass! equipment

protedtive conductor as p : ground conductor).

2) Sgme accessiblg i 3 PC-system, which do not constitute a
dangerr, need b e e protective circuit of the PC-system. This applies
to screws, rive .

3) When a part g efiNiSfemoved from the enclosure, for normal maipte-
nance em

shall n
4) Pr

rm.s., or424Vdc

2) Class Il equipment may be provided with means for maintaining the continuity of
circuits (i.e. grounded internal components or conductive surfaces) provided that these
circuits are double insulated from the accessible circuits of the equipment.

3) Class Il equipment may be provided with means for connection to earthing field
terminals for functional purposes (such as radio frequency interferences suppression)
provided the double insulation system is still provided for protective purposes.
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4.2.3 Class Il equipment and safety extra low voltage (SELV) circuits

1) Isolation requirements between SELV circuits and the mains power supply are
expressed in 3.10.2.

'2) Class Il equipment may be provided with means for functional earth field wiring.

3) Wiring for SELV circuits shall be either segregated from the wiring for circuits other
than SELV, or the insulation of all conductors shall be rated for the higher voltage.
Alternatively, earthed screening or additional insulation shall be arranged around the
wiring for SELV circuits or around the wiring of other circuits.

4.8 Clearance and creepage distances requirements

nical toler-
Bnces can

hufactured
additional

inted and
ing at the

ed on the
circuit.

bressed in
4.3.3, the values in the chart below that correspond to the current
ssed for basic and supplementary insulation, up to pollution degree 2

Rated voltage of circuit Ue Clearance Creepage distances
Vac.rms.orVd.c. mm mm
0 < Ue < 50 1,6 1,6
50 <U, <300 2,0 3,2
300 < U, <600 48 6.4
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4.3.1  Clearances relating to normal overvoltage category
4.3.1.1  Clearances for other than field wiring terminals

Clearances associated with basic and supplementary insulation and clearances asso-
ciated with reinforced insulation (class Il equipment) are given in table 18. They
correspond to the impulse withstand voltage of table 17 in 3.10.2.

Table 18 — Minimum clearances in air corresponding to overvoltage
category |l conditions (except for field wiring terminals)

{Derived from |EC 664)

Rated voltage of circuit U Rated impulse withstand
e inifquw_clearan
{note 1) voltage (notes 2 and 3)
V a.c.r.m.s. or Vd.c. \ {\ m

N\
For badic and For < llution degree
supplementary reinforced At 2 000 m altitude
insulation insulation /\ 3
~ 0,2

0<Ul < 50 0, : 0.4
50 < U} < 100 0 G 0,1 0,2 0.4
100 < U} <150 50 8 08 04
150 <U] <300 | 100 2,0 20 2
300 <U} <600 | 150 35 35 35
300 6,5 6,5 6.5

NOTE$

1 Rated voltaghe ield wiripg
2  Sge annex D cofrecti
3

*

s

1) Cle
accorgh

vexified by mechanical measurement or by dielectric tgests
.10.2.

2) Clparances-to walls of metal enclosures which may be deflected shall not be Jess
than 12 mm;

3) The“above clearances do not apply to printed wiring boards with suitable protedtive
coating.

4) The above clearances do not apply to areas where impulse voltages do not occur.

4.3.1.2  Field wiring terminal clearances

Minimum clearances at field wiring terminals from terminal to terminal and from terminal to
enclosure shall comply with the requirements of table 19.
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Table 19 — Minimum clearances in air at field wiring terminals

Termination clearances
mm

Rated voltage of circuit Ue

Vac.rms.orVd.c.
General case

To walls of

metallic enclosures

which may be deflected
0 <U, < 50 1,6 12
50 <U, <300 3,2 12
300 <U, < 600 6.4 ( 12
N
4.3.2 Clearances for micro-environment where the volta trolled
In [the case where the equipment is not conng the peak
voltages are known and controlled, the mi to these
pegk voltages are given in table 20.
Table 20 — Mini
where t
(Ddfinitions and entries i2}ﬂ5<ble are
\‘(—\
Peak volitage inclyding all Minimum clearances
transients ‘and impuls
@) o
Up 10,8000 altitide \) Pollution degree
(Q\ te) 1 2 3
UXE\500 0,06 0,20 0,80
<b; =\ 6 0,12 0,20 0,80
800 0,25 0,25 D,80
1000 0,40 0,40 D,80
U, < 1200 0,80 0,80 D,80
1+266—< b =—1500 +2 2 1,2

NOTE - See annex D: correction factor for testing at other altitudes.

1) Clearances shall be verified by mechanical measurement.

2) Clearances to walls of metal enclosures which may be deflected shall not be less

than 12 mm.
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4.3.3 Creepage distances for basic and supplementary insulation

Since creepage distances are at least equal to or greater than clearances, the actual
values shall be selected to meet the requirements of both this subclause and subclauses

4.3.1 or 4.3.2 as applicable.

Table 21 — Classification of material group according to
comparative tracking index (CTI)*

(Definitions and entries in this table are derived from IEC 664)

CT1 Materiatgroup
100<CTI< 175 lib h
175 < CTI< 400 llla
400 < CT/ < 600 1
600< CTI ~

* See IEC 112, for the method of determining CTI. \ \)

0
e

4.3.3.1 | Minimum creepage distances (ba lem ry insulation)

Minimum creepage distances given in\thi se.are for a.c. r.m.s. or d.c. volt
which cr{ntain no impulse/Fo icro<enviro yere impulse voltage will be pre
{e.g. overvoltage catego ges), other additional requirem
apply. (9

4.3.3.1.1 ep4dy nees for other than printed wiring boards

Creepage di s$ than values given in table 22 nor be less than

appropri

ges
ent
ents

the
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Table 22 — Minimum creepage distances in millimetres for

- 56—

other than printed wiring boards (note 1)

(Definitions and entries in this table are from |EC 664)

1131-2© IEC

Creepage distances (note 4)

Working voltage Pollution mm
degree : .
Vac rms. or Vdo. / Poliution degree 2 Pollution degree 3
(note 2) (note 3) Material group Material group
| I Illa, b | Il Illa, llib
0 <U, < 50 0,18 0,6 0,85 1\5«\ 1,7 1,9
5 < Ue < 100 0,25 0,71 1,0 8 2,0 2,2
Basic gnd 100 < Ue < 160 0,32 0,8 1,1 0 2,2 2,5
suppiementary 160 < Ue < 320 0,75 1,6 2,2 4,0 ] 4,5 5,0
insulation 320 <« Ue < 630 1,8 3,2 5 8, 9,0 10,0
630 < Ue 1 2,5 4,0 16,0
(note 5)
1,4 1.8 2,0 2,2
2,0 2,56 2,8 3.2
Reinfofced 3,2 4,0 4,5 5,0
insulation 6,3 8,0 9,0 10,0
8,0 20,0
8,0 32,0
(note §)
ulses. For
clearance
pr supplies
ighdst working

5
degree 3 above 630 V.

6
degradation of insulation by partial discharges.

Only for material group llla. Material group lllb is in general not recommended for application in pollution

Maximum recurring peak voltages in normal operation shall be limited to the values in 4.3.3.2 to prevent
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4.3.3.1.2 Minimum creepage distances for printed wiring boards

Creepage distances associated with basic and supplementary insulation for protective
coated and uncoated areas of printed wiring boards shall be not less than given in the
table 23 below nor be less than the values of the appropriate clearances.

Table 23 — Minimum creepage distances for printed wiring boards (notes 1, 6 and 9)
(Basic and supplementary insulation)

(Definitions and entries in this table are from |IEC 664)

Areas of PWBs Uncoated areas WBs
Cirpuit voltage with protective AN
Vac.f.ms. orVdec. coating g
mm Pollution degree 1 ollution e}e@/
(note 2) (notes 3, 4, 5§ and 6) (note 7) <\ te
N

0 k Ue < 50 0,025 0,02 0,04
50 Kk Ue < 100 0,1 0,16
100 U, < 160 0,25 04
160 k Ue < 320 0,75 1,6
320 k Ue < 630 1,8 3,2

830 KU, < 5

7  For all material groups.

8 For material groups |, i, llla.

9 Creepage (and clearance) distances between circuits shall be those corresponding to the highest
working voltage and the corresponding dielectric withstand voltage.

10 Maximum recurring peak voltages in normal operation shall be limited to the values in 4.3.3.2 to
prevent degradation of insulation by partial discharges.



https://iecnorm.com/api/?name=dbef3d75e14dd9e44fecc7d85a03630e

58— 1131-2©IEC

4.3.3.2  Creepage distance requirements for recurring peak voltages

4.3.3.2.1 Rationale

The phenomenon of partial discharges will occur on a surface which is subjected to long
periods of high humidity and recurring peak voltages (impulses). These recurring peaks
will dry out small areas between the conductors which will then flash over, giving rise to
small sections of tracking. Eventually total tracking will occur between conductors and
breakdown occurs. The values given in the table 24 in 4.3.3.2.2 will prevent any partial
discharge from occurring, and are valid for pollution degrees 1 to 3.

4.8-372°2 Creegpage distarnce requirements for TecurTing peak voit,
Infaddition to the clearance and creepage distance requireme clauses,
when recurring peak voltages are present the creepage dis given in

table 24 below shall aiso be met.

(note 1)
&
Maximum recurring Creepage distanc MWczurring Creepage distance
peak voltage peak voltage
(note 2) m (\ (note 2) mm|
\) \> 1 140 1,5
1150 1,6
330 Of 1250 1.8
4@ , 1650 3,0
450 5 1 700 3.2
6 /4 2200 5,0
> 0,5 2300 55
/\ 800 0,75 2 800 8,0

wave.

supply

(see’3.2.1.3)Y However, it does apply to short duration peaks superimposed on the 50 HZ/60 Hz

2 Recurring peak voltage values are based on statistical evaluation of partial discharge data.

4.3.3.2.3 Example

The following figure 5 shows which requirements apply to each part of a typical design of
a power supply:
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O SWITCH - MODE
LINE INPUT power supply DC QUTPUT
(120 /230 Va.c. rm.s.) (SELV)
{50760 Hz) (RECURRING VOLTAGE)
O (450 V, 1,6 kV)
E Zone 1 E Zone 2 ; Zone 3 :
t— o< —> ' < >
A
1.8kV T Recurring pegk voltage
sdov 4 Working voltage
(@N >
’ NG "
-5q0V  + —_ Working voltage
-1.8 Recurring pegk voltage

IEC 958192

Zone 1: stance ) m, controlled by minimum clearance for overvoltage category (I, as

Zone 2: 3 istance > 3,0 mm (pollution degree 1 assumed), controlled by recurring peak voltage,

Creepage distance 2 3,2 mm (pollution degree 2 assumed), controlled by creepage distances for
PWBs, as given in table 23, in 4.3.3.1.2.

Zone 3: No requirements for SELV.

Figure 5 — Creepage distances of circuits where recurring peak voltages
are generated
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4.3.4

Creepage distances shall be double the value for basic insulation.

4.4  Flammability requirements for insulating materials

4.41

-60—

Non-metallic materials

Creepage distances for reinforced insulation

1131-2©IEC

All non-metallic materials employed in the PC-system (i.e. printed wiring boards, plastic
enclosures, wire insulation, etc.) with exceptions as noted below shail have suitable flame
retardant properties to prevent or minimize the spread of flame and comply with a vertical
flame spread rating of FV1 or FV0 as given in clause 9 of IEC 707.

No

with 1EC 707 or alternatively the IEC 695-2-1 glow-wire te

table 25 below.

Table 25 — Flammability of non-

(Glow-wire test, sée |

A

complies
given in

Nt
apptication

Test ngth/of Extinguishing
temperature time
s s
Live parts supports ( /\7§K\ Q \/ 30 <30
N
Epclosures 50 30 <30

(

special flame retardant additive.

4.4.2 Temperature limits of materials

rating of
ane of the

for deco-

) Decorative material (cosmetic plastics): non-metallic materials used solely

equire no

The temperature rise limits as specified in the following table 26 shall not be exceeded by
the equipment or parts defined in its complete system when tested at full load and under

normal service conditions:
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Table 26 — Temperature rise limits (notes 1, 3, 4 and 5)

Maximum temperature rise

. °C
Device
Open equipment Enclosed equipment
(note 2) (note 2)
Hand-held accessible devices Metallic 5 15
Non-metallic 10 25
Parts intended to be touched Metallic 15 30
in normal operation Non-metallic 25 40
7
Parts not|intended to be touched Metallic 25 40
in normalloperation (note 7) (note-7)
Non-metalllic 35 50
Terminais Bare copper X\\G\(Q
(note 6)
Bare brass/tin \) 65
Plated copper and brass
Silver or nickel plated 70
Copper or brass
NOTES
1 7

2

3 A
pliang
open

4.5 Enclosures
4.5.1 Evaluation of enclosures for open equipment (power dissipation)

The manufacturer's documents shall provide information to allow the evaluation of
the power dissipation of every PC-configuration, sub-assembly and module and provide
information regarding minimum spacing required to assure adequate cooling under normal
service conditions.
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4.5.2 Moving parts in non-portable devices

Moving parts (e.g. fans, disk drives, printers, etc.) located within non-portable devices
which could cause possible injury to service personnel during routine maintenance shall
be arranged or enclosed to provide protection against such injury. Protective guards,
enclosures, control rooms or similar means should be considered. If such protective
devices are not provided with the programmable control system, suitable installation
instructions, warning labels, or the equivalent shall be provided to clearly indicate the
user’s installation requirements.

Mechanical enclosures for portable equipment shall meet the gener
ment of IEC 950.

re require-

45.3.1  Protection against access to hazardous live or\moving\paxts

Portable equipment shall provide on all outer surface e ’ PX against
cqntact with hazardous live or moving parts, a¢ ing™ =C §29Thi ction shall
al i emoved.

Class Il portable equipment shal in a 2 hazardous
v( i i EC 950 to
al

z he enclosure shall not be in contact with hazgrdous live
parts. e\ Pa mdlly held or actuated in normal operation, the|insulation
ide P at the shafts and knobs do not become live in the event of an

priable equipment connected to the mains power supply by use of a cordset (removable
i : igH 3 ere—is—Ro—+ ie—shoeckfrom—cha ged capa-

(o] eg a e o—aestgned A 6 oH—etee SHOE

citors when touching the pins of the plug and/or receptacle.

4.5.3.4  Accessibility of live parts through their supporting surfaces

Portable equipment shall be constructed so that all live parts shall be at a distance of at
least 6 mm from any openings (measured vertically) in their supporting surfaces.
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4.5.3.5  Stability

Equipment shall be constructed so that it operates in all positions to be expected in normal
operation, and, does not become unstable when tipped in any direction 15° from the in-
tended operating position.

4.5.3.6 Mechanical strength

The mechanical strength of the enclosure shall be such as to withstand rough handling in
normal use. The protection provided by the enclosures shall be verified after the applica-
tion of the standard IEC impact test (see 4.2.4 of IEC 950).

4.5.3.7| Flammability

bility

All parts of terminals which mai al of

ate mechanical strength.

d by
oint,
4s to ensure that the necessary contact
of service conditions.

ors to be displaced or be displaced themselves
o the ogperation of the equipment and the insulation sha|l not

of the interfaces shall allow that no elementary conductor is
adius of curvature less than six times its diameter |after

4.6.2 annecting capacity

4.6.2.1 General

The wire sizing of the terminal shall be in accordance with local, and/or national electrical
standards as applicable. Terminals shall be suitable for the wire size(s), number of wires,
and type of wire (copper, aluminium, etc.) required for the intended application. See
IEC 1131-4 for more information.

4.6.2.2  Minimum requirements for field wiring terminals

The following table 27 specifies the minimum range of wire sizes which shall be properly
accepted by the terminal with respect to the type of interfaces.

NOTE - Stranded wires may be used if they are suitably terminated.
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Table 27 — Minimum range of wires sizes for field wiring terminals

Minimum range of wire sizes
mm?
Type of interface
Low limit High limit
Digital inputs 0,5 (AWG20) 1,5 (AWG16)
Digital outputs 0,5 (AWG20) 2,0 (AWG14)
Analog 1/0Os 0,18 (AWG24) 1,5 (AWG18)
Communication 0,18 (AWG24) 1,5 (AWG16)
Mains power supply (note) 1.5 {AWGTE) 5 AWG12)
Pfotective earth (note) 1,5 (AWG16) (\( AWG12)

(%R‘
NOTE - The minimum size of the conductor for the connection tothe s'p wbly and
protective earth is generally specified in the national wiring rules,
\ A

In|addition to the requirements : 5, th an@c ter shall provide the following
information through convenient degu

rurer

4.6.3 Information to be provided by the mantfa

1) type, cross-sectional area nnected to

the PC system;
ected and

of metal
enclosures) ofther than those which do not constitute a danger shall be electrigally inter-
connected and connected to a protective earth terminal for connection to ap external
protective conductor. This requirement can be met by the normal structural parts provid-
ing adequate electrical continuity and applies whether the equipment is used on its own
or incorporated in an assembly.

2) Cords or cables that supply transportable peripherals shall be provided with a
protective earthing conductor.

3) Protective earthing conductor insulation shall be green with a yellow stripe.

4) Accessible isolated conductive parts are considered not to constitute a danger if
they are so located as to exclude any contact with live parts and withstand the
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dielectric test voltage of table 17 in 3.10.2 for reinforced insulation corresponding to
the highest rated operational voltage of the unit.

4.7.1.2 Class Il equipment

Class Il equipment may have an internal functional bonding conductor but shall not be
provided with an earthing terminal or an earthing conductor in the supply cord.

equipment)| the
ction) speci-
1) th

conn \aintainéd when

4.7.2 Protective earthing terminal

If the Pg-system is provided with a protective earthing terminal (class
following requirements also apply in addition to the previous gener
ficationg:

the ¢
2) p G herals) shilrl‘ be
provi 3 3 b socket (if remov-

able ¢

3) th
brass

4) t i i P ninals shall be adequately logcked

5) piotective earthing \ter \ i contacts shall not be electripally

- A termipal In o > 2 PEN (protective earth neutral) conductor may fulfil the
n of the protective earthingterminal.

6) the protectivé\eaq berminaiand subsequent protective equipment internal tq the

NOTE
functi

There afe no-constructional requirements such as noise immunity control, RFI protection,
etc., for functional earthing terminals (except for marking requirements as giveh in
4.12.2.6).

4.9 Interconnecting cables and cords
491 General

The following requirements shall apply to interconnecting cords or cables provided by the
manufacturer for the internal and/or external wiring of PC-system.

4.9.2 Wiring internal to the PC-system (internal wiring)

1) The insulation, when provided, on all internal wiring of the equipment shall be rated
for the voltage and the temperature conditions of use.
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2) All splices and connections shall be mechanically secure and provide electrical
continuity.

3) Internal wiring shall be so routed and secured that neither it nor related electrical
connections are likely to be subjected to stress or mechanical damage.

4) Internal wiring that is subject to flexing in its intended use or maintenance and
whose conductors are solid or the insulation of which is less than 0,8 mm thick shall be
tested for flexing integrity as specified in 6.3.5.5.4. This requirement does not apply to
SELV circuits.

4.9.3 Connectors and wiring external to the PC-system (external wiring)

NO i o polio o-tha-R om nd-tho man o nnliad bt

eRAnectors only

1) Cables and cords provided for the interconnection of open equipment shill comply
with the requirements of 4.9.2.

2) Cable assemblies and flexible cords provided
of equipment or between units of a PC-system shg

N sections
ble for the
lief.

ector in a

ugging of
amage or

o prevent
occurs or
be taken

improper inse
the ma
when conneé

A0\ “Plugging/unplugging of removable units

1) Modular construction of PC-equipment should be designed to minimize damage to
PC-system, when inserting or removing modules. Modules of the same type or family
and accordingly marked shall be interchangeable when de-energized. Adjustments or
setting of parameters such as address, threshold, gain, and data transmission speed
may be required prior to using the new module in the intended operation.

""'2) All units requiring plugging or unplugging during operation or maintenance shall

withstand the number of insertions and withdrawals given in table 28 without adverse
effect on their contact making effectiveness.
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Table 28 — Insertion/withdrawal of removable units (minimum number of cycles)

Permanently
installed units

Non-permanently
installed units

Plug-in type 50 500
Type with removable
terminal blocks 20 500

4.11  BHattery requirements

4.11.1 |General

Battery icases or compartments shall be designed to protee
flammable gases or damage from spilling of corrosive liquid 2

4.11.2 [Non-rechargeable batteries

1) N
prote
risk o
perat
batte

2) M
curre

411.3

Memory

412 M
4121

Each P(Q

1) mE ame or trademark symbol;
2) m

the
tem-
k of

arge

3) software serial number and/or revision level (see item 6 of 6.2), where applicable;

4) hardware serial number and/or revision level (see item 6 of 6.2), and date code or

equivalent;
5) fuse replacement information, if applicable;

6) power rating information in volts, amperes, and/or voltamperes, and frequency and
polarity where connection to the mains power supply occurs;

7) equipment class designation, if applicable.
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/0 modules shall be marked with their:

1) rated voltage and current (as applicable);
2) function identifier.

Live parts, protective earth terminals and functional earth termmals markings shall be as

required in 4.12.2.

4.12.2 @General identification requirements

412.21  Functional identifications
1) The function of each I/O module shall be unambiguously identifiable

when it is

placed in its service position and operating, by means of a conyveni
mark.

2) All operator's switches, indicator lamps, and connecto
provisions for identification.

4.12.2.2 Module location and module identification

Space shall be provided for identification of eé Q channel on
the modules.

4.12.2.3 External wiring termina

External wiring terminals shall be marke ind e the proper connections for

nd likely to be mistaken as dead-metal (non
el under normal installation or mamtenance shall be

ufacturer’'s

i¢d or have

or near to

the power

g diagram coded to the terminal mark-

energized

4.12.2.5 Protective earth terminals markings

1) The protective earth terminals markings shall be durable and clearly identifiable.

2) The identification shall be achieved by the notation PE according to 5.3 of I[EC 445,

or by a graphical symbol for use on equipment.
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3) The graphical symbol to be used is the symbol 417-IEC-5019-a shown below in
compliance with IEC 417, which shall progressively supersede the previously recom-

mended symbol (417-IEC-5017-a).

4.12.2.6|  Functional earth terminals markings

Functional earth terminals (i.e. used for non-safety purposes sugt ise i Inity
improvement) shall be marked with the following symbol 417-IEC-50 a:

5 Information to be pro

51 Geéneral

The manufactur $ign,
installation, com | the
manufad

In this g eNe dis
stated. ] ations to be given in each level of documentation as defined

below, i

dtion to be provided

The following table 29 lists all cross references to other areas where manufacturer's
information is required.
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Table 29 — Index: Information to be provided

Part Subclause Object
1 423 Total response time(s) formula
2 Note 3 of 2.2.2.2 Equipment ambient temperature limits
2.1.1.3 Relative humidity
2.1.14 Pollution degree
2.11.5 Corrosion protection
2.1.2.2 Electrostatic discharge severity level
2.1.3.1 Vibrations
2.3 Special transport and storage conditioQs
236 Transport and storage
Note 3 of 3.2.1.1 Sizing of a dedicated pow
Note 5 of 3.2.1.1
3.2.3
Item 4 of 3.3
Item § of 3.3
Note 2 of 3.3
3.3.14
3.3.2.2
3.3.2.2
3.3.23
3.383
3.4.1.2
3.4.2.2
3.5.2
ulation properties
Self-tests and diagnostics
Warning labels/open equipment
Terminal connections
Enclosures (power dissipation)
Enclosures (moving parts)
Terminal connections
Markings
Compliance with this standard
Reliability
Safety
Coverage factors
3 Under consideration
4 Under consideration

Under consideration

1131-20©IEC
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5.3 Type and contents of written documentation
Three levels of documentation are defined:

— catalogues and datasheets;
— user's manuals;
- technical documentation.

5.3.1 Catalogues and datasheets

These documents shall contain the description and the specifications of the PC-system
and its assocnated penpherals and other relevant mformatlon to ald in understandmg the
apphcat on—and—use—¢ o€ cing 0 g eTis JeHip

specify

53.2

These ¢

3) Ingtallation and com
4) Pfogramming and

5) Maintenar@
6) Agcessory and

5.3.3

The mar ma-
tion tha I or
external pergy
availablg

5.4 Information on compliance with this standard

Compliance with parts 1 and 2 of this standard cannot be claimed unless all tests and
verifications required in this part are complied with. See 6.2 for details.

5.5 Information on reliability

It the manufacturer provides values of the mean time between failures (MTBF) of any
- subassembly or module, and of the type-test configuration(s) (basic PC-system(s)) under
normal service conditions the manufacturer shall also explain the method used to
determine it.
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5.6 Information on safety
The manufacturer's data shall include the following information as a minimum:

1) Protective earthing requirements and recommendations concerning personnel
safety circuits.

2) Suggested requirements to the user for the maintenance of protective devices, such
as protective earthing circuits, overcurrent protective devices, and batteries utilized for
memory back-up, etc.

3) If the PC-system is provided as "open equipment”, the type of enclosure required to
provide the required level of safety and environmental protection and guidelines for
mounting, spacing, and/or internal barriers or shields if needed for safety.

4) Precautionary instructions, if removal of any modul fle t uipment is in
operation can affect safety related to electrical shogk, electrical
damage.
6 | Tests and verifications
6.1 General
The object of this clause :s to define h e control-
ler i S j 2 of this
st
— verification by
— verification/ b
These test@ b applied:
acgording to the not cover
the vermcat' & ab‘ ity of il e PC- system to satisfy the intended automated system
requi agreed by
the
in
6.9 - “Compliance with this standard

1) Compliance with parts 1 and 2 of this standard cannot be claimed unless all tests
and verifications required in this part are complied with. Moreover, the manufacturer’s
obligations expressed in this part are not waived if no type test is required, or if the test
conditions are restricted for practical reasons®.

2) Compliance with constructional requirements and information to be provided by the
manufacturer shall be verified by suitable examination, visual inspection, and/or
measurement.

* On the other hand, user's obligations are considered in several subclauses of this part: 1.1, 2, 3.2, item 2
of 4.2, 5.6, etc. and in IEC 1131-4.
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3) Ali characteristics not tested according to this clause 6 shall be verifiable under a
procedure to be agreed to by the manufacturer and the user.

4) The manufacturer shall be able to give enough information on all requirements on
this part when claiming compliance for his implementation.

5) It is the manufacturer’s responsibility to ensure that delivered programmable control-
lers equipment and associated peripherals are similar to the sample(s) which have
been type-tested according to this standard and therefore that they comply with all
requirements of this standard.

6) Significant modifications shall be indicated through the use of suitable revision level
indexes, markings (see 4.12.1) and shall comply with this standard.

NOTE - A new type test may be required to confirm compliance.

he shallclearly
PC-
. [PS1

3 or

7) here the manufacturer is allowed to select among several opti

system equipment complies. This applies to severity classes of
or P$2), relative humidity (i.e. RH-1 or RH-2), electrostati
ESD-4), types of digital inputs (type 1 or type ).

6.3 Type tests
6.3.1 quipment to be tested
Basic PC-system(s) shall consist of:

— thHe main processing unit (MPU);
undef the normal se

If the P( -system'{;;f \
— the MPU and g

face

use

sic PC-system(s) shall include at least one ipter-
if such a module is supplied or recommended:

— appropriate catalogued options such as power supply units, application

memory(ies), processing unit(s) etc. shall be used to build the basic PC-system(s).

Peripherals shall be connected to their interface with the rest of the basic PC-system

using the catalogued means or according to manufacturer’s specifications.

Unless otherwise specified in this standard, the manufacturer may elect either that each
type test be performed on a new basic PC-system or that several type tests be performed
on the same basic PC-system. In any case each type test need not be performed more

than once for a particular type of equipment.
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For a family of very similar modules (i.e. modules using the same schematic and basic
manufacturing and differing mainly by impedance adaptation), and for type tests which
shall be obviously not dependent on the differences between the modules, the manu-
facturer may elect to include in the basic PC-system only one arbitrarily chosen member of
this family.

Test configurations more simple than the basic PC-system may be used to verify
unit/module and overall PC-system compliance when new units or modules are introduced
to the marketplace after a modular programmable controller has been successfully tested
according to this standard, provided that these test configurations and the appropriate test
programs provided by the manufacturer allow proper verification as if they had been tested
within the originally tested basic PC-system.

Seg figure 1, page 47.

6.3.2 Verification procedure

6.3.2.1 General

1) Type tests shall be conducted on the bagic PGC<s
otherwise specified.

defified in 6.3|1, unless

2) For each test, the manufacturer shal

anprocedure including the way tq measure

3/ proper functioning verification ptocedures
atisfy the requirements given in 6.3.2.2.

P gfams and proper functioning verification pfocedures
asurement of the coverage factors for modules, units,

19.{Puring the type tests, there shall be no:

— destruction of hardware;

— modification of the operating system and test programs and/or alteration of their
execution;

— unintended modification of system and application data stored or exchanged;

— erratic or unintended behaviour of the basic PC-system;

— deviation of the analog I/0Os out of the limits specified in item 5 of 3.4.1.2.2 and
item 4 of 3.4.2.2.2.
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2) All relevant functions and parts of the basic PC-system (i.e. units and modules)
shall be functioning in such a way that the information paths to/from these functions
and parts are exercised.

3) All the 1/0 and communication channels of the basic PC-system shall be exercised.

4) All external and internal product status information reporting means such as
displays, lamps, alarm signals, self-test results registers shall be exercised. The test
procedures shall include conditions to verify the related activities.

5) All various PC-system operation modes significant for the user’s implementation
such as start-up and shut-down, cold/warm/hot restart, "normal run”, "normal stop",

"program/monitor with PADTS", €IC. as applicable shall be verified Tor
behayiour.

6) Injtialization and reset conditions of all system comporent
controlled start-up and shut-down. The various modes

7) Coverage factors for modules, units, external (/O
of eagch test program shall be 100 %. This applies

and

for
3'mu,

tors

the manufacturer should provide i S sentati rily information on| the

covergge factors of both the built-i

to modules/units. (Such factors canngibe ey

8) Any special feature

proper operation of tf

NOTE |- Dependin
item 3 |above ma@
cation pf this requiterient

6.3.3

1) Th

2) The
below,

3) Unless otherwise
!

(¢

specified, no sequence is imposed for type tests.
less otherwise specified, the conditions given in table 30 shall apply.

le,
rnal

the

ht of
arifi-

30

Table 30 — General conditions for tests

Test conditions

Mains power supply Rated voltage and frequency

Temperature 156 °C to 35 °C

Relative humidity 45 % to 75 %

Barometric pressure 860 kPa to 1 060 kPa (650 mm Hg to 800 mm Hg)
Output loads Outputs loaded to rated load

Pollution Pollution degree 1
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6.3.4 Climatic tests

6.3.4.1 General conditions
1) Tests are performed on unpackaged equipment.

2) Temperature sensitive components that are normally serviced and removed by the
user may be removed, if so requested by the manufacturer.

6.3.4.2 Dry heat and cold withstand tests

Table 31 — Dry heat and cold withstand tests

Dry heat Cold

N
Reference test IEC 68-2-2, test Bb /& IEC 68-2-1\ test Ab

Preconditioning

njtial measurement

Conditioning

Tdmperature
Duyration of exposure

Mpasuring and/or loading
ddring conditioning:

Recovery

e |procedure | 6 /test Bb I |EC 68-2-1, tést Ab

e time Q 1 h minimum

« [climatic condition See 6.3.3

¢ |special caution | no condensation (note 1)
* |power su > Power supply unconnected

Fipal measure e&g\ According to PFVP (6.3.2.2)

A
NOTE - All externak.a Wondensation shall be removed by air flow prior to conngcting
agaiprthe b C-system\fo a power supply.

ic
N
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6.3.4.3
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Variation of temperature

Table 32 — Change of temperature, withstand and immunity tests

Withstand test (note 1)

Immunity test (note 2)

Reference test

|EC 68-2-14, test Na

IEC 68-2-14, test Nb

Preconditioning
Initial measurements

Conditioning

According to manufacturer's specifications
According to PFVP (6.3.2.2)

Power supply unconnected

Low temperature

High temperature

* open dquipment

e enclospd equipment

Exposurg time at each temperature
Transport time

Temperajure variation speed
Number ¢f cycles

Measurefnent and/or loading
during cdnditioning

Recovery
e procedure
e time

« climatit conditions

e power supply
Final measurements

-25°C+3°C

+70°Ct2°C
+70°C £ 2°C
3 h + 30 min

Less than 3 min

Not applicabl

Q wer supply unconnected
ccording to PFVP

ot applicable
22/min £ 0,6 °C/min

5

Note 4

Not applicable
Not applicable
Not applicable

<\ (6.3.2.2)

A\

NOTES

1 d after recovery.

2 erfofmed during test.

3 tion of temperature depends on the load and the test program: this time is

t modules shall be derated as specified by the manufacturer.

Il 'external and internal condensation shall be removed by air flow prior to connecting again |

the basic PC-system to a power supply.
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6.3.4.4  Cyclic damp heat withstand test

1131-2© IEC

Table 33 — Cyclic (12 + 12) damp heat withstand test

Reference test

|EC 68-2-30, test Db

Preconditioning
Initial measurements
Conditioning

Details of mounting/support

According to manufacturer’'s specifications
According to PFVP (6.3.2.2)
None

None

amt

pecial precautions

mperature
umber of cycles

easurement and/or loading
during conditioning

ecovery

procedure
o| time

climatic conditions

power supply

Fjnal measurements <

der con olle;co

&

Power supply disdonpecte

C

ditions prescribed in IEC p8-2-30
Powe pply disconnected (note)

otric test and insulation test in addition
to PFVP (6.3.2. 2)

<] -

again the basic|P to a

NOTE - All exM lnterw be removed by air flow prior to connecting
e o

&
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6.3.5 Mechanical tests
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6.3.5.1 Vibrations (type test associated with normal service conditions)

Table 34 — Immunity vibration test

Reference test

IEC 68-2-6, test Fc

Requirement reference

Subclause 2.1.3.1

Preconditioning

According to manufacturer’s specifications

Initial mefasurements

Details of mounting/support

Motion
Vibration|amplitude/acceleration
10Hz < f < 57Hz
57 Hz < f < 150 Hz

Vibration|type

Vibration|duration

Measurement and verification during loading

Verificatipn after tests

According to PFVP (6.3.22)
According to manufacturer’'s spedifications
for portable and hand-held peftakle e%t

6.3.5.2 | Shocks (typelte

Referencp test &\

|EC 68-2-27, test Ea

Subclause 2.1.3.2

N
RN

Precondifioning

Initial mersurements

Details of mounting/support

According to manufacturer's specifications
According to PFVP (6.3.2.2)

According to manufacturer’'s specifications

for portable and hand-held portable equipment

Type of shock
Shock severity

Application

Measurement and verification during loading

Verification after tests

Half sine
16 g peak, 11 ms duration

Two shocks per axis, on three
mutually perpendicular axes

According to PFVP (6.3.2.2)
According to PFVP (6.3.2.2)
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6.3.5.3  Free falls (type test associated with normal service conditions)

Table 36 - Free falls immunity/withstand tests (portable and
hand-held portable equipment)

Reference tests

+ Random and flat drops IEC 68-2-32, procedure 1

» Supported drops IEC 68-2-31, subclause 3.2.1
Requirement reference Subclause 2.1.3.3
Hreconditioning According to manufactyrer’s specificdtions
Ipitial measurements According toRFVP (6.3)2.2)

Oetails of mounting/support Equipment equipp@ talogued\cablpys)

Measurement and verification during loading Accoiding to REV GW
Merification after the tests @dl\w (6\3.2.2)

O

6. ransport and storage conditions)
manufacturer’s original packaging)
Reference test IEC 68-2-32, procedure 1
Re%iremerﬁ\(e/[}/rexge\/\ x \ Subclause 2.3.4
S Each type of manufacturer’s original packaping

with the heaviest unit using it

Initi According to PFVP (6.3.2.2)

Equipment equipped with catalogued cabld

S

s)

A\
easWeriﬁcation during loading None
Vprification afterthe test According to PFVP (6.3.2.2)
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6.3.5.5  Safety related tests
6.3.5.5.1 Impact withstand test (type test associated with transport

and storage conditions)

Table 38 — Impact withstand test*

Reference test

IEC 950

Requirement reference

Subclause 4.5.3.6

Selectio

nof samplels)
L 7

Exceptia

Initial mg

Details d

basurements

f mounting/support

Descript
Number

Verificat

on of the test
of trials

on after the test

* Thd

unit may be non-functioning after the%.
—~~

Impact flest procedure:

The imy
50 mm i

n diamet

act is i

bp surface

300-mm to the rest of the top surfaces.

The sphere is suspended by a cord and swings as a pend
dropping through a vertical distance H of 1 300 mm tg
sphere impact position.

btely

RNCe

lum
the
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position

position

-82 -

Note:
H=1300 mm

cord is in the vertical

position as shown

Sphere start
position

]

1

1

§

1

. .

, Sphere impact
i

I

Test sample

6.3.5.5.2 Accessibility tests

Ta

Figure 6 — Impact withs

g —
[N

C 959192

ility tests*

CCESS

Reference tests

Class | equipmen

Class ll equipment

N

N

IEC 529

|EC 950, subclause 2.1,
test pin of figure 20

D

bquirement r}f\%&s\

Subclauses 4.2, 4.5.2 and 4.5.3

S4

Diaig/ventilation Holes

Class | and Class 1l enclosed equipment ahd
enclosed equipment containing moving pafts

One equipment of each type

Clean and new

According to manufacturer’s specification

Configuration used in operating condition

Mbving partstest

Electrical shock test

Equipment de-energized

Test description

The finger (IP2X) and, where applicable, the test pin
shall not make contact with any live part
(except for SELV circuits) or any moving part
(except smooth rotating shafts)

ment.

* For open equipment, no test is required, and the user is responsible for the safety of the equip-

1131-20© IEC

For the ball pendulum impact
test, the sphere is to contact
the test sample when the
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6.3.5.56.3 Verification of clearance distances at field wiring terminals

Table 40 - Verification of clearance distances at field wiring terminals

Reference test

Physical measurement

Requirements references

Subclauses 4.3 and 4.5

6.3.5.5.4Verification

Integrity|of internal/external wiring
This intggrity shall be initially tested and then verified during ified
in 6.3.5.11, and after the vibration, shock and free fall tests specified in§ and
6.3.5.3.
Wire and cable flexing withstand test

— Requirement reference: subclausg 4.9.2

The flexing test applies to wiring subject\{o nal service conditions|and

maintenance, and where conductors are solide

Test procedure:
The flexing test consist
points

Number of flexi
o 500iff

he~PRVR(6.3.2.

wing insulation breakdown test method);

) is performed successfully;

ation) passes the application of the dielectric test (6.3.6.1.1 and the

s’less than 0,8 mm thick.

Insutation breakdown test method:

fol-

The wiring being tested is removed from the equipment and the portion of the cable
having been flexed is wrapped with a conducted foil. The applicable test voltage as
given in table 17 in 3.10.2 is then applied between each conductor in turn and the
common connection of all other conductors and this conducting foil.

Mechanical properties of terminals

NOTE - The applicability of the requirements of IEC 947-1 to this subclause is under consideration.
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Verification of the protection against the effect of improper connections

~ Requirement references:
ltem 2 of 3.8.1, 4.9, item 2 0f 4.12.2.1, 4.12.2.3 t0 4.12.2.6.
— Verifications:

Connectors shall have either mechanical key or proper warning to prevent improper
connections. User's manuals shall indicate correct connections to be made and include
appropriate warnings as applicable.

Routing of wirings

— Requirement reference: subclause 4.9.4.

6.3.5.5.5 Flammability of insulating materials

— Requirement reference: subclause 4.4.

Applicable tests shall be performed for each material

anyfacturer does
not provide an acceptable compliance certificate. ‘

6.3.5.5.6 Temperature rise test

Table 41 - Tﬂ)ai

Reference test > \\/Not applicable
Requirement reference \ ’\ Subclause 4.4.2

Preconditioning

7

N N—
\)\/ccordmg to manufacturer’'s specification

> According to PFVP (6.3.2.2)

In{tial measurements

Details of mg g/sup According to manufacturer’s specificationp
Ldading The basic PC-system shall be operated with all
/0 modules at their rated "ON" operating conditions
(100 % duty cycle)
Measurement a erl |¢Wﬂng loading According to PFVP (6.3.2.2)

e tes According to PFVP (6.3.2.2)

6 J i ~w 4 DPrast
OO 7 T

Requirement reference: subclause 4.3.3.1.2.

NOTE - Alternative tests are under consideration.

1) Testing shall be done on test-PWBs with parallel printed conductors with a length of
at least 100 mm, whereby the creepage distances have to be in accordance with the
actual application. For the test-PWB, the same coating material, the same PWB
material, and the same manufacturing (processing) procedure shall be used as during
the normal equipment manufacturing procedure.
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2) The test shall be done on three test PWBs. The sequence of tests shall be:

a) ageing of samples,
b) dielectric test,
¢) adherence test.

3) Ageing of samples

4) Dielectric test
Procédure:

Reference test: |EC 68-2-3, test Ca
— test time (warm damp, constant): 56 days
— storage time and conditions: 28 days at 110 °C
— pass/iail criteria: the dielectric test and the adherence

test have to be passed thereafter

icable
test

shall
distance between blades (a/5)
1 mm
2 mm
z a a‘a grinding surface.
| ————4 The leading edges and all cutting edges
shall have the same diameter. C 5400
3041 je—
—a —p _p\ait_/z,_ + cutting direction.
[ 16 —> l %0.05 (if cutting edges are worn more then
0,1mm, re-grinding is necessary).
IEC 960192

Dimensions in millimetres

Figure 7 ~ Multiblade tool with six blades
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Handbrush:

The handbrush shall have 110 to 150 bundles of polyamide bristles; each bristle shall
be 12 mm to 15 mm long and 0,4 mm to 0,5 mm thick.

Procedure:

The appropriate cutting too! shall be used to draw two perpendicular cuts down to the
basic material so that a grid of 25 squares results. The cut shall be drawn smoothly
(not jerkily) with a speed of 0,02 m/s to 0,05 m/s.

A magnifying glass shall be used to verify that the cuts have suitably reached the basic
material. The handbrush shall be used to brush the grid five times forth and back in a

diagonal direction under soft pressure.
akr\fracturing,

pductor is

Pass/fail criteria:

Total chipped area shall be smaller than 5 % of the grid area
or delamination of the coating from the surface of the ba
allowed.

6.3.5.6 Verification of terminal connection characte

Verify that requirements of 4.6 are met.

6.3.5.7 Plugging/unplugging of removable

Table 42 — Insertio novable units

Requirements reference /_\\ Q \\Me 3.8.1,item 1 0f 3.9.1, 4.9 and 4
AR

50 (20) insertions/withdrawals are performed withgut power;
then the equipment shall pass the PFVP (6.3.2.2)

pury

0

Description of the teldt fo

peérmanently instalied uhj

Description tes} for
ngn-permane i

500 insertions/withdrawals are performed while
the basic PC-system is performing functional test[programs
as required for PFVP (6.3.2.2)
Insertions and withdrawals shall not affeqt
the proper operation of the basic PC-system.
Communication on the physical link during the test
is not required.

6.3.6- \Electrisal tests

CAUTION: 1t may be necessary to install an external impedance (a filter) to protect the
test equipment that is connected to the basic PC-system being tested.

6.3.6.1  Safety related tests

6.3.6.1.1  Dielectric test
Exceptions:

These tests need not be done:
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- between isolated SELV circuits and accessible conductive parts (frames,
enclosures, earth terminal, etc.)

— on units (parts of the basic PC-system) which have been tested separately accord-

ing to
a)
b)

— between

cleara

the relevant standards, provided:
the values given in table 17 in 3.10.2 have been met, and
their dielectric strength is not impaired by assembly.

nces and creepage distances have been met. See 4.3.

Test conditions:
The tests are done on each unit and module connected in the test circuit as shown in

isolated circuits on printed wiring boards providing the specified

figure 8.
removed.

Test technique:

One may

If required, tests can be done on individual modules with the remaini
All mechanical switches shall be in the "ON" closed position.

select any one of the following techniques:

- Impulse test, according to IEC 60-1 and the folloy

Pu
Sq
Sq

Length of connection:

Ny

Time between two iy
— a.¢. r.m.s. voltage.tes

Ise characteristics:
urce impedance:
urce energy:

mber of impulses:

mod

Lles

Number of pgrio
Vgltage si starting from 0 V (zero crossing)
Short-circuif ¢ <5 mA
- d.
Pyls 10ms £ 20 %
PU >1,2 s
N 1 positive and 1 negative
Ti1ne between pulses: <6s
Short-circuit current: <5 mA
NOTES

1 In general, preference should be given to the impulse test; however, where filter capacitors are used

(line to

earth), the d.c. test is recommended.

2 See annex D: correction factors for test voltages corresponding to barometric pressure or altitude.

3 To recognize current practice, the manufacturer may elect alternatively to verify the dielectric strength
by the application of 2 Ue + 1000V a.c., for a minimum duration of 1 min.
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Isolated ° Isolated o Isolated o
circuit ° circuit o |a circuit o
M
{solated o Isolated ol |P Isolated °
circuit o circuit Q circuit °
' ' ' . )
] s 1 1 t
] ' ] t 1
] 1 ] 1 1
1 (]
Isolated ° ! Isolated ol [] Isolated o !
circuit ° circuit o] fa circuit o
M=
Isolated circuit © [solated circuit o |¥ Isolated )
Under test < Dielectric Under test Dielectric circuit o
test — test \
— A\
S voltage Al | voltage SELV Sircuit
SELV cfreuit o SELV circuit o | under te o
. — N
AMP: Accessible Metal Parts
Method a A Method b | AN,
Test betwgen each = Test between each = =
isolated C|RCUIT sequentially ACCESSIBLE

and the otpers together CONDUCTIVE PARTS and
each non-SELV CIRC 2

IEC 961192

Telst method:
The test voltage shalhbe applied a

remaining
e’ earth. The test voltage shall be that given in table 17

cuits other than SELV circuits and accessible condudtive parts

ccessible
conductive parts. The test voltage shall be that given in table 17 in 3.10.2 c%rrespond-
ing-to the rated voltage and class of the circuit.

c) Between isolated SELV circuits and other non-SELV circuits

The test voltage shall be applied between each isolated SELV circuit and the remaining
non-SELV circuits connected together to the earth. The test voltage shall be 1500 V
a.c. r.m.s. or its equivalent peak value for the impulse and d.c.

Pass/fail criteria:

There shall be no unintentional flashover or breakdown of the insulation during the test.
Eventual operation of protecting devices provided on the units shall not be considered as
a failure (an intentional flashover is one which might be the result of the normal action of a
surge suppression device incorporated in the equipment).
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6.3.6.1.2 Protective earthing continuity test
Requirement reference: item 6 of 4.7.2

Test description:

A constant current of 30 A for at least 2 min shall be injected between the earthing
terminal or contact and each of the accessible metal parts intended to be earthed.
The current shall be maintained or adjusted accordingly during the test to 30 A. Any
convenient low voltage not exceeding 12 V can be used. The voltage drop shall be
measured between the points of current flow, care being taken that the contact resistance
between the tip of the measuring probe and the metal part underneath does not influence
the test results.

Pass/fail criteria:
The resi$tance shall not exceed 0,1 Q.

6.3.6.1.3 Stored energy injury risk test

Requirement reference: subclause 4.5.3.3.

Selection of samples:
Portable|peripherals connected to the mains po

) b@lse of a cordset (removpable
or fixed)[shall comply with this test.

Test despription:

— the test shall be applje i al pi e plug and to the receptacle;
— the cordset shall be e 8. Anains power supply, the peripheral
being|in operation;

— in|a delay no ing G instant of deconnection, and for each of| the
pins/receptacle, bg 3 Cep-
tacle {ested and theé

Pass/fail

For all tg eak

6.3.6.2

6.3.6.2.1| \Electrostatic discharge test

The following test is considered to be a first step in the direction of commonly used tests
for the qualitative evaluation of the performance of electronic equipment.
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Table 43 — Electrostatic discharge immunity test

Reference test

IEC 801-2

Requirement reference

Subclause 3.9.1

Preconditioning
Initial measurements
Details of mounting/support

Selection of application points

According to manufacturer’s specifications
According to PFVP (6.3.2.2)
According to manufacturer's specifications

All exposed conductive parts and insulating
surfaces of the basic PC-system normally accessible

to the operator (see 3.9.

» [Exception Signal lines; circuits or live part essible
only during maj t erations
Djscharge characteristics
* |test peak voltage
RH-1/ESD-3 \'
RH-2/ESD-4 5 kY
Time between two discharges 1s

Npmber of discharges on each
s¢lected point

MEasurement and verification during loading

ss/fail criteria

s a sec n trial of 10 discharges shall be perfofmed;

S

tem deviates only once during the fest,

iffonily one more unallowed deviation is obsefved,
failure to the ESD test shall be declared

6.3.6.22 R ate\/cﬁe@\m}c field test

able 44— Radiated electromagnetic field immunity test

)

IEC 801-3

@Ke\ik N

Requirement refereqce

Subclause 3.9.1

Pieconditioning

According to manufacturer’s specificationjs

Initial measurements

Details of mounting/support

Frequency range to be swept

Sweep speed

Test field strength

Measurement and verification during loading

Pass/fail criteria

According to PFVP (6.3.2.2)

The basic PC-system is placed on a wooden table
in a shielded room, in the far field
generated by the radiated antenna.

27 MHz to 5§00 MHz
1,5 x 107

10 V/m
According to PFVP (6.3.2.2)

3 decade/s

There shall be no deviation other than manufacturer-
specified allowances for analog 1/Os.

1131-2©@IEC
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6.3.6.2.3 Fast transient burst test

Table 45 — Fast transient burst immunity test”

Reference test

IEC 801-4

Requirement reference

Subclause 3.9.1

Preconditioning
Initial measurements

Details of mounting/support

According to manufacturer’s specifications
According to PFVP (6.3.2.2)

The test equipment configuration shall be such as
to eliminate the radiated EMI received on

Severity |evel at rated voltage
o A: (all power supplies)

» B: (digjtal 1/O0s, Ue 224 V)
¢ C: (digjtal I/Os, Ue <24V,

analog 1/0s, communication /Os)

Duration
Application points/methods
e A

¢ Band

(9

110 wiring by the specified capacitiye coupling

Capacitive clamp method

Measurefnent and verification during loading

Pass/tail [criteria

IN

| — )
m ccording to PFVP (6.3.2.2)

* The|repeatability of this test\ Msel elated tocthe number and relative position of wires within
the capacitive coupling. x

Y

0
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6.3.6.2.4 Damped oscillatory wave test

Table 46 — Damped oscillatory wave immunity test

Reference test IEC 255-4

Requirement reference Subclause 3.9.1
Preconditioning According to manufacturer's specifications
Initial measurements According to PFVP (6.3.2.2)

Detaitsof moumting/support

Tést description

Peaches
cles

waveform

frequency

source impedance

repetition rate

test duration

length of connection

L]

severity level at rated voltage

A: (all power supplies)
B: (digital 1/0s, U_z 24 V)

(5 1kV

C: (digital 1/Os, No test

Applicatio@
A

Mpasurementand \er g i According to PFVP (6.3.2.2)
P

Series mode

Wiring terminals

Wiring terminals

There shall be no deviation
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