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275 INTERNATIONAL ELECTROTECHNICAL COMMISSION

276

277

278 LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

279

280 Part 5-3: Control circuit devices and switching elements —

281 Requirements for proximity devices with defined

282 behaviour under fault conditions (PDDB)

283

284 FOREWORD

285 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
286 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
287 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
288 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical
289 Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
290 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
291 may participate in this preparatory work. International, governmental and non-governmental organizations
292 liaising with the IEC also participate in this preparation. IEC collaborates closely with the International
293 Organization for Standardization (ISO) in accordance with conditions determined by agreement between the two
294 organizations.

295 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
296 consensus of opinion on the relevant subjects since each technical committee has representation from all
297 interested IEC National Committees.

298 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
299 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
300 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
301 misinterpretation by any end user.

302 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
303 transparently to the maximum extent possible in their national and regional publications. Any divergence between
304 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
305 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
306 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
307 services carried out by independent certification bodies.

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

309 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
310 members of its technical committees and IEC National Committees for any personal injury, property damage or
311 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
312 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
313 Publications.

314 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
315 indispensable for the correct application of this publication.

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

318 International Standard IEC 60947-5-3 has been prepared by subcommittee SC121A:
319  Low-voltage switchgear and controlgear, of IEC technical committee 121: Switchgear and
320  controlgear and their assemblies for low voltage.

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

323 a) ...under consideration

324  This standard is to be read in conjunction with IEC 60947-1, Low voltage switchgear and
325 controlgear — Part 1: General rules and I|EC 60947-5-2, Low-voltage switchgear and
326 controlgear — Part 5-2: Control circuit devices and switching elements — Proximity switches.
327 The provisions of Part 1 and Part 5-2 are only applicable to this standard where specifically
328 called for. The numbering of the subclauses of this standard is sometimes not continuous
329 because it is based on the numbering of the subclauses of IEC 60947-1 or IEC 60947-5-2.
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330  The text of this standard is based on the following documents:

FDIS Report on voting

XXX XXX

331
332 Full information on the voting for the approval of this standard can be found in the report on
333  voting indicated in the above table.

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

335 A list of all parts in the IEC 60947 series, published under the general title Low-voltage
336  switchgear and controlgear, can be found on the IEC website.

337 The committee has decided that the contents of this publication will remain unchanged until the
338  stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
339 the specific publication. At this date, the publication will be

340 * reconfirmed,

341 e withdrawn,

342 * replaced by a revised edition, or
343 *+ amended.

344

345

346
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347 LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
348

349 Part 5-3: Control circuit devices and switching elements —
350 Requirements for proximity devices with defined

351 behaviour under fault conditions (PDDB)

352

353

354 1 Scope

355  This part of IEC 60947 series provides additional requirements to those given in IEC 60947-5-
356 2 and I[EC 60947-5-1 Annex D (magnetic switches).. It addresses the fault performance aspects
357  of proximity devices with a defined behaviour under fault conditions (PDDB). It does not
358  address any other characteristics that can be required for specific applications.

359 This document does not apply to protective equipment to detect the presence of persons, that
360 are covered by IEC 61496 series or IEC/TS 62998 series.

361 This product standard does not cover proximity devices with analogue output.

362  This product standard does not deal with any specific requirements on acoustic noise as the
363 noise emission of proximity devices is not considered to be a relevant hazard.

364 For a PDDB used in applications where additional characteristics, dealt with in other standards,
365  are required, the requirements of all relevant standards apply.

366 A PDDB productis intended to be used as sensing subsystem of a safety related control system
367 according to IEC 62061 or ISO 13849-1. Depending on construction principles and complexity,
368 this standard is based on product development of IEC 61508 in order to meet the product
369  specific requirements of IEC 61508, IEC 62061 and/or ISO 13849.

370 NOTE The PDDB type classification regarding functional safety correlates with IEC 62683-2-3:xxxXx,
371 This standard contains requirements for PDDBs when designed for use as interlocking devices
372 according to ISO 14119:202x.

373 2 Normative references

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

378 IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

379 IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
380 (12 +12 h cycle)

381 IEC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1. General
382 requirements

383 IEC 60529:1989+AMD1:1999+AMD2:2013 CSV, Degrees of protection provided by enclosures
384 (IP Code)

385 IEC 60812:2018, Failure modes and effects analysis (FMEA and FMECA)
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386 IEC 60947-1:2020, Low-voltage switchgear and controlgear — Part 1: General rules

387 IEC 60947-5-1:2016, Low-voltage switchgear and controlgear — Part 5-1: Control circuit
388  devices and switching elements — Electromechanical control circuit devices

389 IEC 60947-5-2:2019, Low-voltage switchgear and controlgear — Part 5-2: Control circuit
390 devices and switching elements — Proximity switches

391 IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
392  measurement techniques — Electrostatic discharge immunity test

393 IEC 61000-4-3:2020, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
394  measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test

395 IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) — Part 4-4: Testing and
396  measurement techniques — Electrical fast transient/burst immunity test

397 IEC 61000-4-5:2014+AMD1:2017 CSV, Electromagnetic compatibility (EMC) — Part 4-5:
398 Testing and measurement techniques — Surge immunity test

399 IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
400 measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
401 fields

402 IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) - Part 4-8: Testing and
403 measurement techniques — Power frequency magnetic field immunity test

404 IEC 61000-4-11:2020, Electromagnetic compatibility (EMC) — Part 4-11: Testing and
405  measurement techniques — Voltage dips, short interruptions and voltage variations immunity
406 tests

407 IEC 61131-2:2017, Programmable controllers — Part 2: Equipment requirements and tests

408 IEC 61140:2016, Protection against electric shock — Common aspects for installation and
409 equipment

410 IEC 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-
411 related systems — Part 1: General requirements

412 IEC 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-
413  related systems — Part 2: Requirements for electrical/electronic/programmable electronic
414 safety-related systems

415  |EC 61508-3:2010, Functional safety of electrical/electronic/programmable electronic safety-
416 related systems — Part 3: Software requirements

417 IEC 62061:2021, Safety of machinery — Functional safety of safety-related electrical, electronic
418  and programmable electronic control systems

419 IEC 62683-2-3:xXXX,

420 ISO 13849-1:2016, Safety of machinery — Safety-related parts of control systems — Part 1:
421 General principles for design
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422 ISO 14119:202x, Safety of machinery — Interlocking devices associated with guards —
423 Principles for design and selection

424 ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
425  uncertainty in Measurement (GUM)

426 ISO/IEC Guide 99:2007, International vocabulary of metrology — basic and general concepts
427  and associated terms (VIM)

428 |EC Guide 115:2021, Application of uncertainty of measurement to conformity assessment
429  activities in the electrotechnical sector

430 3 Terms and definitions

431 For the purposes of this document, the terms and definitions given in IEC 60947-1 and IEC
432 60947-5-2, as well the following, apply.

433  I1SO and IEC maintain terminological databases for use in standardization at the following
434  addresses:

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

436 e ISO Online browsing platform: available at https://www.iso.org/obp
437 3.1 General terms and definitions

438 3.1.1
439 PDDB proximity device with a defined behaviour
440 proximity switch based on IEC 60947-5-2 according to 5.5.1 .

441 Note 1 to entry: In a safety function, the PDDB is a device or subsystem, characterized according to
442 clause 4.9 (device type)

443 Note 2 to entry: A PDDB is often used as interlocking device according to 3.2 (ISO 14119).

444  3.1.2

445  interlocking device

446  device for preventing the operation of hazardous machine functions under specified conditions
447  (generally as long as a guard is not closed)

448 Note 1 to entry: An interlocking device may be combined with a guard locking device according to

449  [SOURCE: ISO 14119:202x, 3.1]

450  3.1.3

451 OSSD output signal switching device

452 component (s) or output terminal(s) of the PDDB connected to the machine control system
453  which, when the PDDB detects the presence or absence of the specified target, responds by
454  going to the OFF-state according to the defined behaviour.

455 Note to entry The PDDB is designed with one or more redundant component per logical signal, depending on
456 the HFT or category according to table 2.
457 SOURCE IEC 61496-1:2020, 3.19, modified for a PDDB
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3.1.4
OTE output of test
state in which the OSSDs interrupt the flow of current.

Note to entry: OTE is corresponding with SSD (secondary switching device) according to IEC 61496-1:2020,
3.24.

[SOURCE: ISO 13849-1:2023, 6.1.3.2.4]

3.1.5
Off-state
state in which the OSSDs interrupt the flow of current.

Note to entry: In general, the OFF-state corresponds with the safe state according to IEC 61508-4:2010, 3.1.14,
but it may differ according to 5.3.7.

3.1.6

ON-state

state in which the OSSDs permit the flow of current. For Interface Types A0 and B0 according
to B.3 and B.4, the test pulses from the sink passes thorough.

3.1.7
fault response time
maximum period of time during which OSSDs can deviate from the defined behaviour.

Note to entry: Within this time the output gets into to OFF-state in case of a detected failure.

3.1.8

EUT Equipment under Test

representative test sample of a PDDB, usually assembled in the manufacturing line without a
selection of components or any special settings or adjustments.

Note 1 to entry: Adjustments, if any, are done according to the manufacturer’s assembling instructions

Note 2 to entry: ISO/IEC GUIDE 98-3:2008 uses the term 'specimen’ for a EUT

[SOURCE: IEC 60947-1:2020, 9.3.2.1 Paragraph 1]

3.1.9

Modified EUT

test sample, modified to test the behaviour of a EUT at the limit of its specified conditions.
Normally, components are selected or or configurations adjusted at the limit of its specified
operating range.

EXAMPLE Adjustment of an amplifier to the specified minimum or maximum gain.

3.1.10
LOT
Unique identifier assigned to a batch of EUT

a group of EUT's, used for verification tests. A Lot number or identifier is used for unique
identification.

3.1.11
Project documentation
documentation done by the manufacturer and not public available.

Note to entry: Project documentation is intended for use upon request from authorities
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3.1.12

Quantity (measurable)

attribute of a phenomenon or body that may be distinguished qualitatively and determined
quantitatively

Note to entry The measurable quantity is a value measured (ISO/IEC Guide 98-3:2008, B.2.2), of a measurand
(B.2.9), expressed with a measurement result (B.2.11), accompanied by a statement of the
uncertainty (B.2.18)

EXAMPLE Quantities in a general sense: length, time, mass, temperature, electrical resistance

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.1 and 3.1.1]

3.1.13
Quantity (Influence Quantity)
quantity that is not the measurand but that affects the result of the measurement

EXAMPLE Influence of the ambient temperature to the output voltage

Note to entry The term 'quantity’ is used in ISO/IEC GUIDE 98-3:2008 and as 'Input quantity' in
IEC 60947-1:2020. It is used in the meaning of physical input quantities as temperature and
supply voltage and others, which may have an impact to the behaviour and the measurement
result.
IEC 60947-1:2020, 9.3.2 General test conditions
IEC 60947-1:2020, 9.3.2.2 Test quantities

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.10, 3.1.5, 4.1.3]

3.1.14
set of test quantity
A grouped set of quantities, each specified with a range or a specific value

EXAMPLE 1 Ambient temperature: 20 + 2 °C , humidity 50 £+ 5 %, Supply Voltage DC 29 + 0.2 V,
Load Current DC 1.0 A + 0.05A

EXAMPLE 2 Ambient Temperature: 0 - 80 °C, humidity 40 - 90 %, Supply Voltage DC 19.2 - 28.8 (+ 0.1) V,
Load Current DC 0.0 - 1.0 (+ 0.05)

Note to entry: Value or range of temperature, humidity, supply voltage, load current, operating condition, etc

[SOURCE: ISO/IEC Guide 98-3:2008, 4.1.3]

3.2 Terms and definitions concerning Annex B

3.21
Information source (source)
transmitting information to the information sink (hereafter referred as source)

Note to entry Typically, the source is the PDDB and the sink the control system which processes the OSSD
data from the PDDB.

3.2.2

Information sink (sink)

The information sink (hereafter referred to as sink) is receiving information from the information
source. The sink input is connected to the output of the source. A sink can meet requirements of
several interface types at the same time.

EXAMPLE The sink could be a control system, which is receiving the signal information. The term refers to
the analysis of the information and not to the analysis of the test pulses. Analysis of test pulses
can be located in different parts of the system, depending on the interface type.
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3.2.3

Interface type

The interface type is a standardized interface for transmitters of signals (sources) and receivers of
signals (sinks). Generation and analysis of test pulses is specified per interface type.

3.24

Class

The class is a group of sources and sinks with compatible technical data within an interface type
based on the test pulses in use.

3.2.5
Test pulse generation (TG)
Part of the system that generates test pulses used for system diagnosis.

3.2.6
Test pulse evaluation (TE)
Part of the system that evaluates test pulses for system diagnosis.

3.2.7
Supply voltage
Supply voltage is the voltage continuously supplied to a device.

Test pulse
A test pulse is a temporary change of a signal voltage level used to verify the proper operation of the
output or device or the transmission path.

3.2.8
Test pulse duration t;

The test pulse duration t; is the time from the start of the test pulse (e.qg. falling edge) until the end of
the test pulse (e.g. rising edge).

3.29

Test pulse interval T

The test pulse interval is the time between the start of a test pulse and the start of the next test pulse
on the same output.

3.2.10
Test pulse delay A

The test pulse delay At; is a pulse delay introduced by the source, between the input and the output of
the information source.

3.2.11
Discrepancy time Az,

Temporal shift of the rising and falling signal flanks between different output channels.
(Concurrency of the signals at interface type C).

3.2.12
Test pulse phase shift At,

Time shift of test pulses between different test generation channels (interface type C).

3.2.13
Output current I,

The output current I, is the nominal ON state current of an output.

3.2.14

Leakage current lLeakage

The leakage current lLeakage is the remaining current of an output for a source (PDDB) or sink in the
OFF-state.
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Load capacitance C.
The load capacitance C. is the capacitive part of the load impedance.

3.2.16

Inductive load L.
The load inductance L. is the inductive part of the load impedance.

3.3 Symbols and abbreviations

Table 1 — Symbols and abbreviations

Symbol or Description Definition

abbreviation
DC diagnostic coverage 1SO 13849-1:2023, 3.1.35
EUT Equipment under Test 3.1.8
FIT failures in time, number of failures in total 10° hours of

operation of one or more components
HFT hardware fault tolerance IEC 61508-2:2010, 7.4.4.1.1
MTTF p mean time to dangerous failure ISO 13849-1:2015 3.1.25
OSSD output signal switching device 3.1.3
OTE output of test 3.1.4
PFHp a) average frequency of a dangerous failure over a given period of time IEC 61508-4:201, 3.6.19
PFD probability of dangerous failure on demand IEC 61508-4:2010, 3.6.17
PL performance level ISO 13849-1:2015, 3.1.23
S 4s b) safety related distance in operating mode TP and TP&TA, 5.2.2

where the OSSDs have been switching to the OFF-state, when

the target moved from the switch
Spy b) safety related distance in operating mode TA and TP&TA, 5.2.3

where the OSSDs have been switching to the OFF-state, when

the target moved towards the switch
SFF safe failure fraction IEC 61508-4:2010, 3.6.15
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Symbol or Description Definition
abbreviation
SIL safety integrity level IEC 61508-4:2010, 3.5.8
SRP/CS safety-related part of a control system 1ISO 13849-1:2023, 3.1.1
Ty mission time 1ISO 13849-1:2015, 3.1.28
TG test pulse generation 3.2.5
TE Test pulse evaluation 3.2.6
t; Test pulse duration 3.2.8
T Test pulse interval 3.2.9
At; Test pulse delay 3.2.10
At yig Discrepancy time 3.2.11
At Test pulse phase shift 3.2.12
I, Output current 3.2.13
ILeakage Leakage current 3.2.14
C, Load capacitance 3.2.15
Ly Inductive load 3.2.16
a Index ‘D’ is often used to indicate ‘dangerous’ fault or probability
b safety related variable is marked with an index's'
596
507 4 Classification
508 4.1 General
5099 PDDB devices vary in terms of technology, operating mode, safety level, application, and
600  availability.
601 Clause 4.1 of IEC 60947-5-2:2019 applies, if applicable.
602 4.2 Classification according to sensing means
603  Clause 4.2 of IEC 60947-5-2:2019 shall apply. The designated capital letter can be omitted,
604  when the applied sensing mean is not listed in IEC 60947-5-2:2019 Table 1, Column 1 (Sensing
605  Means).
606 4.3 Classification according to the mechanical installation
607  Clause 4.3 of IEC 60947-5-2:2019 applies, if applicable.
608 4.4 Classification according to the construction form and size
609  Clause 4.4 of IEC 60947-5-2:2019 applies, if applicable.
610 4.5 void
611 4.6 Classification according to type of output
612 Clause 4.6 of IEC 60947-5-2:2019 applies, if applicable.
613 NOTE For functional safety devices often the term ‘device type’ is being used.
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614 4.6.1 Interface Type

615  When the OSSD(s) are intended for use with digital inputs according to IEC 61131-2:2017,
616 6.4.4, an interface type shall be defined according to Table 2.

617  OSSDs defined as binary interface operating at 24 VDC, the interface type shall be classified
618  according to Table 2.

619 Table 2 - Interface types of PDDBs
Interface Type Designation Description Clause
a)
A0 Interface Type A0 Test pulse generated from the control unit (sink), B.3 29

without any delay of the test pulse

BO Interface Type BO Test pulses generated from the control unit (sink). B.4 9%
Test pulse may be delayed.

(610] Interface Type CO Test pulse generated from the PDDB (source), any B.5
test pulse duration

C1 Interface Type C1 Test pulse generated from the PDDB (source), B.5

maximum test pulse duration = 1000 ps

C2 Interface Type C2 Test pulse generated from the PDDB (source), B.5

maximum test pulse duration = 500 ps

C3 Interface Type C3 Test pulse generated from the PDDB, B.5

maximum test pulse duration = 100 us

a8 Interface types according to Annex B

Interface Type AO interrupts in the OFF-state the flow of the current and he transmission of the test pulses
from the sink through the PDDB according to B.3.

¢ Interface Type BO interrupts in the OFF-state the flow of the current and the transmission of the test pulses
from the sink according to B.4.

Alternate safe state, see 5.3.7

620

621 The identifying key according to B.2.2 shall be defined for interface types AO, BO, CO, C1, C2

622 and C3.
623 NOTE Annex B defines the characteristics and aspects of the interface types.
624

625 4.7 Classification according to method of connection

626 Clause 4.7 of IEC 60947-5-2:2019 applies, if applicable.

627 4.8 Electrical Equipment Class

628 Protection against electrical shock is achieved by provisions of IEC 61140:2016 for devices,
629  assigned for a class of electrical equipment according to the following subclauses.

630 4.8.1 Void
631 4.8.2 Void
632 4.8.3 Electrical Equipment Class lll

633 Devices of Electrical Equipment Class Il shall be connected only to SELV or PELV systems.

634 SOURCE IEC 61140:2016, 7.5 and table 1, IEC 60204-1:2016, 6,4.1 and IEC 60947-1:2020, Annex N
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4.9 PDDB types

The PDDB types define the functional safety characteristic values, used for information
exchange for the user. The manufacturer of the PDDB specifies the type classification.

NOTE 1  For functional safety devices often the term ‘device type’ is being used.

NOTE 2 The PDDB type correspondents with the device type according to ISO 13849-1:2022 ANNEX O,
IEC 62683:xxxx and IEC 62683-2-3:xxxx

NOTE 3 Characteristic safety values for each PDDB type are given in clause 5.5.2
4.9.1 PDDB Type 1

A PDDB Type 1 has the highest integration level. Pre-designed safety systems with integrated
diagnostics are typical. This type is SIL or PL-classified in line with the intended use.

4.9.2 PDDB Type 2

Additional application data as circuit structure, diagnostic coverage (DC) and consideration of
common cause failure (CCF)) are needed in order for the user to assess a safety function.

4.9.3 PDDB Type 3

PDDB Type 3 are devices with a failure mode, which depends on the operating cycles.

NOTE Examples for device type 3: Electromechanical components that are subject to wear, e.g. switches,
interlocking devices

4.10 Interlocking Device Type

If a PDDB is intended for use as an interlocking device according to ISO 14119:202x, the
interlocking type and target code shall be defined according to the subclauses 4.10.1, 4.10.2,
and 4.11.

NOTE 1 ISO 14119 uses the term actuator for the specified target according to IEC 60947-5-3.
NOTE 2 |IEC 60947-1:2020, 3.5.17 Actuator is defining as the part of the actuating the contacts
4.10.1 Interlocking Device Type 3

The PDDB is intended for use as an interlocking device Type with non-contact actuated position
switch with an uncoded target.

SOURCE 1S0O 14119:202x, 3.17

The coding level of the target shall be defined to low according to 4.11.1

4.10.2 Interlocking Device Type 4

The PDDB is intended for use as an interlocking device Type with non-contact actuated position
switch with a coded target.

SOURCE 1ISO 14119:202x, 3.18

The coding level of the target shall be defined to medium or high according to 4.11.2 or 4.11.3.

4.11 Target Coding

When specified targets with coding levels are defined by the manufacturer, the coding levels
shall be stated in the user documentation according to this clause.
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SOURCE ISO 14119:202x, 3.12

4.11.1 Coding Level low

The target shall be designed as coded actuator according to ISO 14119:202x, 3.12.1 for which
1 to 9 variations in code are available and the different codes are evaluated by the PDDB.

4.11.2 Coding Level medium

The target shall be designed as coded actuator according to ISO 14119:202x, 3.12.2 for which
10 to 1000 variations in code are available and the different codes are evaluated by the PDDB.

4.11.3 Coding Level high
The target shall be designed as coded actuator according to ISO 14119:202x, 3.12.2 for which

more than 1000 variations in code are available and the different codes are evaluated by the
PDDB.

4.12 Operating Mode
The PDDB shall be defined with an operating mode TP, TA or both.

Table 3 — Operating Modes of PDDBs

Operating Mode TP TA
Description Target Present Target Absent
QSSD state when Ta_rget ON OFF
is present to the switch
OSSD state when Target
is absent from the switch OFF ON
safety related s s
switching distances As Ps
Reference 4.12.1, Figure 1 | 4.12.2, Figure 2

4121 Operating Mode TP

The OSSDs are in the ON-state when the target is present to the switch (s < sp).

The OSSDs shall get in the OFF-state, when the target is absent from the switch (s > s )
according to Figure 1.

4.12.2 Operating Mode TA

The OSSDs are in the ON-state when the target is absent from the switch (s > s ).

The OSSDs shall get in the OFF-state, when the target is present to the switch (s < sp,)
according to Figure 2.

4.12.3 Combined operating Mode TP&TA

The OSSDs are in the ON-state when the target is between the distance s, and s ;.
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696 The OSSDs shall get in the OFF-state, when the target is absent from the switch (Figure 1,
697 s >s,.)and when itis close to the switch (Figure 2, s < sp).

698 5 Characteristics

699 5.1 General

700 NOTE Clause 5 in this standard deviates from the Clause 5 of IEC 60947-5-2:2021.
701

702 51.1 Summary of characteristics

703  The characteristics of a PDDB shall be stated in the following terms.

704 e Operating conditions (5.2)

705 ¢ Rated and limiting values (5.3)

706 — Voltages (5.3.1}

707 — Currents (5.3.2)

708 — Rated Supply frequency (5.3.3), for AC powered devices
709 — Normal load and abnormal load characteristics (5.3.5)
710 — Short-circuit characteristics (5.3.6)

711 — OFF-state of the OSSD (5.3.7)

712 — Interface Type A0, BO, CO, C1, C2, C3 (5.3.8)

713 e Utilization categories for the switching element (5.4)

714 o Safety related characteristics (5.5)

715 e Electrical Equipment Class (5.6)

716

717 5.1.2 Safety function

718  The PDDB is a subsustem of a safety function. The OSSDs are initiated by the presence or
719  absence (or both) of the specified target. The state of the outputs depends on the operating
720 mode and the position of the target to the sensing face of the switch. The state is defined
721 according to Table 3 and and clause 5.2.

722 5.2  Safety related switching distances
723 5.2.1 General

724  The switching distances may be defined as safety related or not, according to the intended use
725  as described in clause 4.12. Safety related switching distances shall be marked with an index
726 's' and verified according to clause 9.4.

727 NOTE The same principles of characteristics and verification may be applied for non-safety related switching
728 distances and other quantities. The index 's' in the variable is in this case omitted.
729

730 5.2.2  Switching distance s

731 The safety related switching distances s, is the distance of the target from the switch, where

732 the output shall have been changing its state, when the target is moved away from the switch.
733 In operation mode TP and TP&TA, the switching distance s, is safety related and shall be

734  marked with an index 's' and verified according to clause 9.4.
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Figure 1 — Safety related switching distance s ,, and switching distance s,

for a PDDB with Operating Mode TP (Target Present)

For the operating mode TP, the OSSD may differ from the ON-state in the near-range

(switching distances between 0 (Zero) to s << sp).

distance s, to be distinguished from s, according to IEC 60947-5-2:2019, 3.3.1.7

distance sp correspondent with

In the blind-zone, if specified with s, the state of the OSSD is undefined.
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5.2.3  Switching distance sp,

The switching distances s is the distance of the target from the switch, where the output shall

have been changing its state, when the target is moved towards the switch. In operation mode
TA and TP&TA, the switching distance sp, is safety related and shall be marked with an index

's' and verified according to clause 9.4.

R/_f__\./ Specified

i / target
switching * \
distance i Target
I
ste| ON : surface
s, i
TRANSITION
s,
P d Sensing face
State OFF /
0 (Zero)

Proximity
Switch

\_1

Figure 2 — Safety related switching distance s, and switching distance s,
for a PDDB with Operating Mode TA (Target Absent)

5.3 Rated and limiting values for the proximity switch and switching element(s)
5.3.1 Voltages

5.3.1.1 Rated operational voltage (Ue)

Clause 5.3.1.1 of IEC 60947-5-2:2019 applies.

5.3.1.2 Rated insulation voltage (U,)

Clause 5.3.1.2 of IEC 60947-5-2:2019 applies for Electrical Equipment Class | and Il.
5.3.1.3 Rated impulse withstand voltage (Uimp)
Clause 5.3.1.3 of IEC 60947-5-2:2019 applies for Electrical Equipment Class | and II.

5.3.1.4 Voltage drop (U,)

Clause 5.3.1.4 of IEC 60947-5-2:2019 applies with the specified values in 8.2.1.13.
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5.3.1.5 Operating voltage range (Upg)

Clause 5.3.1.5 of IEC 60947-5-2:2019 applies with the following addition:

The voltage of the incoming power supplies for the PDDB shall be within the limits:

a) —15% /+20 % for DC
b) —15% /+ 10 % for AC

SOURCE IEC 61131-2:2017, 6.2.1.1.

NOTE 1 In addition to the voltage tolerances, a total AC component having a peak value of 5 % of the rated voltage is
allowed. The absolute limits are DC 30/19,2 V for DC 24 V and DC 60/38,4 V for DC 48 V.

NOTE 2  While the voltage of the incoming power supply is limited up to the stated values of 5.3.1.1, the PDDB shall be
designed to operate at least within these limits. Expanded robustness to lower and higher voltages are
recommended,

NOTE 3 For interoperability with digital inputs according to IEC 61131-2:2017, 6.4.4, see clause 4.6.1.

5.3.1.6 Maximum OFF-state Voltage (U; ,,,.)

Solid state OSSD of interface type A0, BO, CO, C1, C2, C3 shall have a maximum voltage in the OFF-
state according to 8.2.1.14..

5.3.2 Currents

5.3.2.1 Rated operational current (7,)

Clause 5.3.2.1 of IEC 60947-5-2:2019 applies

5.3.2.2 Minimum operational current (7,,)

See 8.2.1.10.

5.3.2.3 Off-state current (7,)

See 8.2.1.11.

5.3.2.4 No-load supply current (1,)

Clause 5.3.2.4 of IEC 60947-5-2:2019 applies.

5.3.3 Rated supply frequency
Clause 5.3.3 of IEC 60947-5-2:2019 applies for AC powered devices.

5.34 void
5.3.5 Normal load and abnormal load characteristics

Clause 5.3.5 of IEC 60947-5-2:2019 applies.

5.3.6 Short-circuit characteristics
Clause 5.3.5 of IEC 60947-5-2:2019 applies with the following addition:

— For short-circuit proof solid state outputs, the rated short circuit current is omitted.
SOURCE  IEC 61131-2:2007, 6.4.6.4.
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798  5.3.7 OFF-state of the OSSD
799  The OFF-state of the OSSDs interrupt the flow of the current other than residual OFF -state
800 current (7).

801 When stated by the manufacturer in the user documentation, the safe state of the OSSD may
802  differ from the OFF-state according to 3.5. For example, the OSSD may be designed as two
803  antivalent switching contacts (NC and NO) or using dynamic signals.

804 NOTE Annex B covers functional safety aspects covered by dynamic testing. Clause 8.2.1.10, 8.2.1.11, 8.2.1.12 and

805 8.2.1.13 covers compliance of the OSSDs with digital inputs U/l operation regions according to IEC 61131-2:2021,
806 6.4.4.1.
807

808 5.3.8 Interface Type A0, B0, C0, C1, C2, C3

809  The requirements for static characteristics (5.3.8.1) and dynamic characteristics (5.3.8.2)
810  applies for interface type AO, B0, C0O, C1, C2 and C3.

811 Further characteristics of binary interfaces are given in Annex B.

812 5.3.8.1 Static characteristics

813  With the listed characteristics of Table 4 the OSSD of a PDDB comply with a digital input
814  according to IEC 61131-2:2017, 6.4.4.

815 Table 4 — Static Characteristics of Interface Types A0, B0, C0, C1, C2 and C3
Characteristic Clause
Operating voltage range (Ug) 5.3.1.5
Voltage drop (Uy) 5.3.1.4
8.2.1.13
Maximum OFF-state Voltage ((Uy ,,,,x) 5.3.1.6
8.2.1.14
Leakage current (Off-state current 7, 5.3.2.3
8.2.1.11
816
817 5.3.8.2 Dynamic Characteristics
818 Table 5 — Dynamic Characteristics of Interface Types C0, C1, C2 and C3
Interface Type Dynamic
Char.
A0 B.3.2
BO B.4.2
C0, C1,C2,C3 B.5.2

819

820 5.4 Utilization categories for the switching element

821 Clause 5.4 of IEC 60947-5-2:2019 applies.

822 5.5 Safety related characteristics

823  5.5.1 Proximity device with defined behaviour
824 A PDDB is composed of the following elements:
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