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New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Listing, Recognition, Classification and Follow-Up
Services after the effective date, and understanding of this should be signified in writing.

Copyright © 2006 Underwriters Laboratories Inc.
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UL INTRODUCTION

This is an explanation of the intended implementation of Particular and Collateral Requirements
associated with product evaluation using this standard. For continuity some of the introductory information
from IEC 60601-1 is repeated here.

PARTICULAR STANDARDS:

UL 60601-1 contains requirements for safety which are generally applicable to all medical electrical
equipment. For certain types of equipment, these requirements are to be supplemented or modified by the
special requirements-ofa-RartictlarStandard\Where-RarticularReguirements-existthe-General Standard
should not|be used alone. Special care is required in applying the General Standard to.'eglipment for
which no Particular Standard exists.

COLLATERAL STANDARDS:

When the ¢quipment falls within the scope of one or more Collateral Standatds, such standard(s) may,
optionally, glso be used.

Notp — Where any of these (Collateral and Particular) standards are¢not’yet published by UL, then the
coresponding IEC Publications are used.
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Preface (UL)

This UL Standard is based on IEC Publication 60601-1: Second Edition — Medical Electrical Equipment,
Part 1: General Requirements for Safety, as revised by Amendments 1 and 2. IEC publication 60601-1 is
copyrighted by the IEC.

The text, figures and tables of IEC Publication Medical Electrical Equipment, Part 1. General
Requirements for Safety, IEC 60601-1 copyright 1988 as amended in 1991 and 1995, are used in this
Standard with the consent of the IEC and the American National Standards Institute (ANSI). The IEC
copyrighted material has been reproduced with permlssron from ANSI. ANSI should be contacted
regarding t| : tion are not
a part of the requrrements of thls Standard but are mcluded for information purposes only.. Copies of IEC
Publication| 60601-1 may be purchased from ANSI, 11 West 42"d Street, New York, New’Yprk, 10036,
(212) 642-4900.

Notg — Although the intended primary application of this Standard is stated in its Scope,(it\is'important to|note
that) it remains the responsibility of the users of the Standard to judge its suitability for-their particular purppse.

UL Effectivp Date

As of June |30, 2003, all products Listed by UL must comply with thelrequirements in this Stanglard except
for Clause .3 (g), which is effective February 6, 2004.
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GENERAL

NATIONAL DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60601-1,
Medical Electrical Equipment, Part 1: General Requirements for Safety, copyright 1988 as amended in

1991 and 1

995 are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National

Differences-

DR — Theg
Regulatory

D1 — Thes
elimination

D2 - The
requiremern
retesting of

DC — Theg
a particular

DE — Thes

e are National Differences based on the National Electrical Code (NEC) Cand

Requirements

b are National Differences which are based on basic safety principles and requir
of which would compromise safety for U.S. consumers and users-gDproducts.

e are National Differences based on safety practices .~These are differenc
ts that may be acceptable, but adopting the IEC requirements would require ¢
redesign on the manufacturer’s part.

e are National Differences based on the componént'Standards and will not be d
component standard is harmonized with the IEC.component standard.

b are National Differences based on editorial’comments or corrections

other U.S.
ements

es for IEC
bnsiderable

eleted until



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

16

UL 60601-1 A

PRIL 25, 2003

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT - Part 1: General requirements for safety

FOREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on which all the National
Committees having a special interest therein are represented, express, as nearly as possible, an international consensus of opinion
on the subjects dealt with.

2) They have
3) In order to
IEC recommg
recommendat]

PREFACE

This Stand
in medical

It forms th
equipment,

The text of

the form of recommendations for international use and they are accepted by the National Committegs
bromote international unification, the IEC expresses the wish that all National Committees should adopt

ndation for their national rules in so far as national conditions will permit. Any _divergence bet
on and the corresponding national rules should, as far as possible, be clearly indicated-in the latter.

hrd has been prepared by Sub-Committee 62A: Comnion aspects of electrical equi
bractice, of IEC Technical Committee No. 62: Electfical equipment in medical prac

e second edition of IEC Publication 601-1.(1977), entitled “Safety of medicd
Part 1: General requirements”.

this Standard is based on the following\documents:

in that sense.

the text of the
een the IEC

bment used
tice.

| electrical

Six M

pnths’ Rule Report on Voting Two Months’ Procedure Report on

Voting

62

\(CO)24 62A(C0Q)25 62A(C0)27 62A(CO!

33

Full inform
indicated ir]

Amendmerj
in medical

The text of

ation on the voting for(the approval of this Standard can be found in the Voti
the above table.

t 1 has been prepared by Sub-Committee 62A: Common aspects of electrical equi
bractice, of IEC-Technical Committee No. 62: Electrical equipment in medical prac

this améndment is based on the following documents:

ng Reports

bment used
tice.

Six Months’ Rule Report on Voting

GZA(CO)36 GZA(CO)39

Full information on the voting for the approval of this amendment can be found in the Voting Report
indicated in the above table.

Amendment 2 has been prepared by sub-committee 62A: Common aspects of electrical equipment used

in medical

practice, of IEC technical committee 62: Electrical equipment in medical practice.
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The text of this amendment is based on the following documents:

DIS Report on voting
62A(C0O)45 62A/181/RVD

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

The list of IEC, ISO and other publications quoted in this Standard will be found in Appendix L.

In this Standard, the following print types are used:

Repuirements, compliance with which can be tested and definitions: in roman type:
Expjanations, advice, introductions, general statements, exceptions and references: in smaller roman type|
Test specifications and headings of sub-clauses: in italic type.

TERMS USED THROUGHOUT THIS STANDARD WHICH HAVE BEEN DEFINED IN CLAUSE¥2/AND ALSO GIVEN IN THE INDEX:
SMALL CAPITALS

*

p)

ationale (Appendix A).
DWV.1 DE Addition:

Theé numbering system in the standard uses a.space instead of a comma to indicate
thousands and uses a comma instead of a peried to indicate a decimal point. For exarmple,
1 JO0 means 1,000 and 1,01 means 1.01.
DV2 DE Addition:

Dup to pagination differences,\references to page numbers in the IEC text have |been
modified to reference the coriect information.

DW.3 DE Modification‘ef the print types:

Noles have been( added to requirements that have corresponding rationales locatéd in
Appendix A and\Annex DVC.
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INTRODUCTION

Amendment 1 contains a first series of revisions to IEC Publication 601-1 (second edition, 1988): Medical
electrical equipment, Part 1: General requirements for safety.

Aware of the need and the urgency for a General Standard covering electromedical equipmenT, the majority
of National Committees voted in 1977 in favour of the first edition of IEC 601-1, based on a draft which

at the time

represented a first approach to the problem.

The extent of the scope, the complexity of the equipment concerned, and the specific nature of some of the

protective |

aacurac and tha carracnanding tacte far varifiiuna tham had racnnrad vvaare of o
} FeS—aia—+H HeSPeReHg e HHHRgRe R —Haatequieayfeat —e+

rt in order

to prepare

However,
subsequen
present pu

The Gener
EQUIPMENT. H
requiremen
be used a
Particular 9

In some cd
Standard o
are applical

Amendmer
electrical e

It is intends
aspects of

— A
wit
arg

USH;

-0
mo
be

that first Standard, which served as a universal reference since its publication,

ts frequent application revealed room for improvement, and careful work
ly undertaken and continued over a number of years resulted in the second-edition
blication contains further modifications.

hl Standard contains requirements of safety which are generally ‘@pplicable to mepics
or certain types of equipvenT, these requirements are supplemented or modified by,
ts of a Particular Standard. Where Particular Standards exist;the General Standard
one. Special care is required in applying the General(Standard to equipment fo)
tandard exists.

untries equipvent may only be certified as complying with the Standard if either
I an authorized document based on the General Standard is available, stating wh
pble for the equipvenT concerned.

t 2 contains a second series of reviSions to IEC 601-1 (second edition, 198
huipment — Part 1: General requirements for safety.

d to facilitate interpretation and application of the General Standard. It also identifig|
Safety which were not previeusly covered. Significant changes include the followin

PPLIED PARTS are nowtidentified by requirements covering the possibility of physical
N the paTiENT duringy\NORMAL usk, without electrical considerations; individual PATIENT d
then defined ly fequirements concerning electrical contact with the patient during

assification of the degree of protection against electric shock (Tvpes cr/BrB) is not
re to the word equipmenT but now clearly relates to individual appLIED PARTS; it iS MOT|
ausé€ the degree of protection is determined in fact by that of the appLiED PART; this

bf revision
1988). The

L ELECTRICAL
the special
should not
r which no

h Particular
ich clauses

B): Medical

s additional
.

contact
ONNECTIONS
NORMAL

elated any
e |ogical
means no

ex

a requirements and tests but more airrerentiation and clarication or the required

ctions;

— general requirements are included for equipmenT in which the appLIED PART IS marked as
providing protection against the discharge voltage from a defibrillator and for which there is no
Particular Standard;

— limits for the d.c. component of PATIENT LEAKAGE cURRENT are included to align with the

req

uirement for PATIENT AUXILIARY CURRENT;

— clarification concerning the degree of protection against ingress of liquids by using IP Code,

as

detailed in the basic safety publication IEC 529 is an improvement;
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— the term "not used”, which was introduced in the second edition of IEC 601-1, is replaced,
where applicable, by the wording "no general requirement” in order to avoid misunderstanding;
this means that a Particular Standard may specify requirements if it is deemed necessary;

— references to existing IEC Collateral Standards 601-1-1, 601-1-2, 601-1-3 and future IEC 601-
1-4 (see Appendix L), are included;

— additional requirements are included regarding the information which must be supplied by the
manufacturer in order to improve the international acceptance of symbols and units and to
provide more information about the intended use of the equirmenT; the latter is becoming
necessary due to the relation with performance safety aspects;

— 8

— 3
Cor
Cor
Su(

ome requirements and test methods have been aligned with other existing IEC-sts

number of accidents having being reported due to user error during the use/of big
nectors (as electrodes having attached leads terminating in 2 mm exposed metal
nectors), some additional requirements have been introduced to prevent the recu
h accidents whatever the type of EQuiPMENT.

ndards;

potential
pin
rence of
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MEDICAL ELECTRICAL EQUIPMENT — Part 1. General requirements
for safety

SECTION ONE — GENERAL

1 *Scope and object

1.1 Scope

*See rationale for 1

This Stand

Although t
reliable ope

SAFETY HAZAH
not considd

Appendices
1.1
SAF
St3
pro

Fe
for

1.2 Object

The object
and to ser\

brd applies to the safety of mebicaL ELEcTRICAL EQuiPMENT (@s defined in Sub-clatse 2

his Standard is primarily concerned with safety, it contains some reguirements
bration where this is connected with safety.

ps resulting from the intended physiological function of equipment€overed by this S
red.

in this Standard are not mandatory unless made so by anexplicit statement in th
DV D2 Replacement of the third paragraph of 1.4ywith the following:
ETY HAZARDS resulting from intended physiological function of EQUIPMENT COVer
ndard are not considered. These requireménts do not contemplate the investigatid
tection against ionizing radiation or radiéactive isotopes. Such EQUIPMENT iS
leral radiation Standards (21CFR Paff1020) promulgated under the Radiation G
Health and Safety Act of 1968.

*See rationale for 1.1DV

of this Standard is-t@*specify general requirements for the safety of mepicaL ELECTRIC
e as the basisor-the safety requirements of Particular Standards.

2.15).

regarding

andard are

b main text.

bd by this
n of
subject to
ontrol

AL EQUIPMENT
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1.3 *Particular Standards

A Particular Standard takes priority over this General Standard.

*See rationale for 1.3

1.4 Environmental conditions

See Section Two.

1.5 Collateral Standards

In the IEC

— 9

-4
Stg

If a Collate
the Collate

2 Termino

501 series, Collateral Standards specify general requirements for safety applicalile
group of MEDICAL ELECTRICAL EQUIPMENT (€.g. radiological equipment);
specific characteristic of all mebicaL ELEcTRICAL EQuIPMENT Not fully addfessed in the

ndard (e.g. electromagnetic compatibility).

al Standard.

ogy and definitions *

For the purpose of this Standard, the following shall apply:

-\
alte

— 7

*The defined

rnating, direct or composite voltage or current.
he auxiliary verb:

* “shall” means that compliance with a requirement or a test is mandatory for
compliance with this“Standard,;

* “should” means that compliance with a requirement or a test is recommend
not mandatory; for compliance with this Standard;

* “may’Js used to describe a permissible way to achieve compliance with a r
or test:

erms are alphabetically listed in the Index.

Vhere the terms "voltage” and "current” are“dsed, they mean the r.m.s. values of an

to:

Seneral

ral Standard applies to a Particular Standard, then the Particilar Standard takes priority over

ed but is

bquirement

2.1 equipmenT parts, auxiliaries and ACCESSORIES

2.1.1 access cover: Part of an encLosure or guard providing the possibility of access to equipmenT parts
for the purpose of adjustment, inspection, replacement or repair.

2.1.2 accessiBLE METAL PART: Metal part of equipmenT which can be touched without the use of a TooL. See

also Sub-cl

ause 2.1.22.

2.1.3 accessory: Optional component necessary and/or suitable to be used with equipmenT in order to

enable, fac

ilitate or improve the intended use of equipmENT OF to integrate additional functions.
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2.1.4 accompANYING DOCUMENTS: Documents accompanying EQUIPMENT OF an accessory and containing all
important information for the user, opPERATOR, installer or assembler of equipmenT, particularly regarding

safety.
2.1.5 *appuiED PART: A part of the equipmMeENT Which in NORMAL USE:
— necessarily comes into physical contact with the paTienT for the equipmenT to perform its
function; or
— can be brought into contact with the paTiEnT; Or
— neetds-tobe-touchedby-theramenT:
*See rationale for 2.1.5
2.1.6 enciqsure: Exterior surface of equipmenT including:
— dll accessiBLE METAL PARTS, knobs, grips and the like;
— gccessible shafts;
— for the purpose of tests, metal foil, with specified dimensions, applied in contact with parts of
the exterior surface made of material with low conductivity or made of insulating matgrial.
2.1.7 F-TYPE ISOLATED (FLOATING) APPLIED PART (hereinafter reféfred to as F-TYPE APPLIED PART): APPLIED PART
isolated from other parts of the equirmenT to such a degree“that no current higher than the pATJENT LEAKAGE
currenT allgwable in sincLE FauLT conpimion flows if anwatiintended voltage originating from an ekternal
source is cpnnected to the patient, and thereby applied between the appLiED PART and earth.
F-TYPE APPLIED PARTS are either TYPE BF APPLIED PARTS OF TYPE CF APPLIED PARTS.
2.1.8 Not dsed.
2.1.9 INTERNAL ELECTRICAL POWER SOURGE. Power source intended to provide the electrical power [necessary
to operate Equirmvent and which is incorporated in that eQuiPmENT.
2.1.10 uve| State of a part which, when connection is made to that part, can cause a current|exceeding
the allowallle Leakace eurreENT (Specified in Sub-clause 19.3) for the part concerned to flow frgm that
part to earth or from‘that part to an accessisLe paRT Of the same EquiPMENT.
2.1.11 Notfused:
2.1.12 wmains PART: Entirety of all parts of equipmenT intended to have a conbucTivE connecTIon With the

suppLY MAINS. For the purpose of this definition, the proTECTIVE EARTH conpucToR iS not regarded as a part

of the mains

2.1.13 Not

PART (see Figure 1).

used.
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2.1.14 Not

used.

2.1.15 *paTiENT cirRcuIT: Any electrical circuit which contains one or more PATIENT CONNECTIONS.

PATIENT cIrcuITs include all conductive parts which are not insulated from the pATIENT connECTIONS tO the
extent necessary to comply with the dielectric strength requirements (see clause 20) or which are not
separated from the pATIENT connECTIONS tO the extent necessary to comply with the creepace pisTANCE and
AIR CLEARANCE requirements (see 57.10).

*See rationale for 2.1.15

2.1.16 Not

2.1.17 prO
which migh

2.1.18 sicN
voltages or
Figure 1).

2.1.19 sicN
voltages or
Figure 1).

2.1.20 Not
2.1.21 sups

2.1.22 Acc

2.1.23 *patlient connecTion: Every individual‘part of the appLiep PArT through which current can

between th

2.1.24 *TvA
provide prg
with symbg

NO

1
usStcu.

'EcTiVE coveRr: Part of an encLosure or guard provided to prevent accidental access
t be hazardous if contacted.

L INPUT PART: Part of eQuipmeNT, not being an appLiED PART, intended tolreceive input

currents from other equipment, for example, for display, recording(or-tata processi

AL ouTPUT PART: Part of equipmeNT, not being an appLieD PArRTRINtENded to deliver outp
currents to other equirment, for example, for display, recerding or data processing
used.

Ly EQUIPMENT: EQUIPMENT Which supplies elegtfical power to one or more items of equ

EssiBLE PART: Part of equipmenT which, gan be touched without the use of a TooL.

e pATIENT and the EQUIPMENT iNNORMAL CONDITION OF SINGLE FAULT CONDITION.
*See rationale for 2.1.23
E B APPLIED PART: APPLIED PART complying with the specified requirements of this Stan

tection against.electric shock, particularly regarding allowable Leakace currenT and
| 1, table Dll,\of Appendix D.
E — TvPE B-APPLIED PARTS are not suitable for

DIRECT CARDIAC APPLICATION .

*See rationale for 2.1.24

o parts

signal
g (see

ut signal
(see

IPMENT.

flow

dard to
marked

2.1.25 *TYPE BF APPLIED PART. F-TYPE APPLIED PART complying with the specified requirements of this
Standard to provide a higher degree of protection against electric shock than that provided by Tvre B
appLIED PARTs and marked with symbol 2, table DII, of Appendix D.

NOTE — 1vpe BF APPLIED PARTS are not suitable for

DIRECT CARDIAC APPLICATION .

*See rationale for 2.1.25
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2.1.26 *TYPE CF APPLIED PART. F-TYPE APPLIED PART complying with the specified requirements of this
Standard to provide a higher degree of protection against electric shock than that provided by Tvre BF
AppLIED PARTS and marked with symbol 3, table DII, of Appendix D.

*See rationale for 2.1.26

2.1.27 *DEFIBRILLATION-PROOF APPLIED PART: APPLIED PART having protection against the effects of a discharge
of a cardiac defibrillator to the paTiENT.

*See rationale for 2.1.27

2.2 EQUIPMA

2.2.1 Not Uysed.

2.2.2 CATEQ
constructio
MIXTURE WITH

2.2.3 CATEQ
constructio
MIXTURE WITH

2.2.4 cLAsS
INSULATION O
connection
a way that
Figure 2).

2.2.5 cLass
INSULATION O
INSULATION &
conditions

2.2.6 Not ysed.

2.2.7 DIREC
PATIENT'S he

2.2.8 Not yised.

. L] - g )
NT types(ciasstircationrny

ORY AP EQUIPMENT: EQUIPMENT OF EQUIPMENT part complying with specified requirements
N, marking and documentation in order to avoid sources of ignition in 8 FLAMMABLE A
AIR.

ORY APG EQUIPMENT: EQUIPMENT OF EQUIPMENT part complying withspecified requirement
N, marking and documentation in order to avoid sources of ighition in a FLAMMABLE A
OXYGEN OR NITROUS OXIDE.

I EQUIPMENT: EQUIPMENT in Which protection against@electric shock does not rely on 8
hly, but which includes an additional safety precaution in that means are provided

INCCESSIBLE METAL PARTS cannot become Liven-the event of a failure of the sasic insuL

Il EQUIPMENT: EQUIPMENT in Which pretection against electric shock does not rely on g
hly, but in which additional safefy)precautions such as pousLE INSULATION OF REINFORC]
fe provided, there being no prevision for protective earthing or reliance upon insta
see Figure 3).

I cARDIAC APPLICATION: Use of appLIED PART Which may come in direct coNbucTIVE CONNE
art.

2.2.9 Not ysed.

on
NAESTHETIC

IS on
INAESTHETIC

hNSIC
for the

of the equipmENT tO the PrRoTECTIVE EARTH CONDUCTOR in the fixed wiring of the installagion in such

hTION (See

ASIC
ED
lation

cTioN to the

2.2.10 Not

2.2.11 Eou

used.

PMENT (See Sub-clause 2.2.15)

2.2.12 rixep eQuiPMENT: EQuUIPMENT Which is fastened or otherwise secured at a specific location in a

building or

a vehicle and can only be detached by means of a TooL.

2.2.13 HAND-HELD EQUIPMENT: EQUIPMENT intended to be supported by the hand during NoRMAL USE.

2.2.14 Not

used.
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2.2.15 wmebicaL ELECTRICAL EQUIPMENT (hereinafter referred to as equipmenT): Electrical equipmenT, provided
with not more than one connection to a particular suppLy mains and intended to diagnose, treat, or
monitor the paTient under medical supervision and which makes physical or electrical contact with the
paTIENT and/or transfers energy to or from the patient and/or detects such energy transfer to or from the
PATIENT.

The equipmenT includes those accessories as defined by the manufacturer which are necessary to enable
the normAL use of the EQuIPMENT.
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2.2.16 MOBILE EQUIPMENT. TRANSPORTABLE EQUIPMENT intended to be moved from one location to another
between periods of use while supported by its own wheels or equivalent means.

2.2.17 PERMANENTLY INSTALLED EQUIPMENT: EQUIPMENT that is electrically connected to the suppLy maINs by
means of a permanent connection which can only be detached by the use of a TooL.

2.2.18 PORTABLE EQUIPMENT: TRANSPORTABLE EQUIPMENT intended to be moved from one location to another
while used or between periods of use while being carried by one or more persons.

2.2.19 Not used.

2.2.20 Notrusetd:

2.2.21 stafioNARY EQUIPMENT: Either Fixep eQuiPMENT Or EQuiPMENT Which is not intended to Beymoyed from
one place fo another.

2.2.22 Not|used.

2.2.23 TRANSPORTABLE EQUIPMENT: EQUIPMENT Which is intended to be moved from one place to arjother
whether or|not connected to a supply and without an appreciable restriction of range.

Examples: MOBILE EQUIPMENT and PORTABLE EQUIPMENT.
2.2.24 Notfused.
2.2.25 Notfused.
2.2.26 Notfused.
2.2.27 Notfused.
2.2.28 Notfused.

2.2.29 INTERNALLY POWERED EQUIPMENT™-EQUIPMENT able to operate from an INTERNAL ELECTRICAL POWER SOURCE.
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2.3 Insulation

2.3.1 AR cLEARANCE: Shortest path in air between two conductive parts.

2.3.2 *gasic INnsuLATION: Insulation applied to uive parts to provide basic protection against electric shock.
*See rationale for 2.3.2

2.3.3 creepacE DIsTANCE: Shortest path along the surface of insulating material between two conductive
parts.

2.3.4 *pougrENSUTATIONStattocomptismghoth BASTC INSUrATTON- ATt SUPPTEMENTARY TNSUTATION.
*See rationale for 2.3.4
2.3.5 Not ysed.

2.3.6 Not dssed.

2.3.7 *REINFORCED INSULATION: Single insulation system applied to uive parts'which provides a dggree of
protection against electric shock equivalent to pousLe INsuLATION undef:the conditions specified|in this
Standard.

*See rationale for 23.7

2.3.8 suppLEMENTARY INSULATION: Independent insulation applied in addition to sasic INsuLATION in prder to
provide prgtection against electric shock in the event-o¥a failure of Basic INSULATION.

2.4 Voltages
2.4.1 HicH yoLTAGe: Any voltage over 1 000 a.c. or over 1 500 V d.c. or 1 500 V peak value

2.4.2 mains|voLTace: Voltage of a surpixmains between two line conductors of a polyphase sygtem or
voltage between the line conductorand the neutral conductor of a single-phase system.

2.4.3 *saFHTY EXTRA-LOW VOLTAGE' (SELV): Voltage which does not exceed a nominaL value of 25 V(a.c. or 60
V d.c. at rATED supply voltage on the transformer or converter, between conductors in an earth-free
circuit which is isolated-from the suppLY MAINS Dy @ SAFETY EXTRA-LOW VOLTAGE TRANSFORMER OF by @& device
with an equivalent separation.

*See rationale for 2.4.3
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2.5 Currents

2.5.1 eARTH LEAKAGE CURRENT: Current flowing from the mains parT through or across the insulation into the
PROTECTIVE EARTH CONDUCTOR.

2.5.2 ENCLOSURE LEAKAGE CURRENT: Current flowing from the encLosure or from parts thereof, excluding
APPLIED PARTS, accessible to the orerATOR OF PATIENT in NORMAL usg, through an external conoucTive
connecTioN other than the prRoTECTIVE EARTH conpucToR to earth or to another part of the EncLosURE.

2.5.3 LEakAGE curreNT: Current that is not functional. The following LEakace currenTs are defined: EarTH
LEAKAGE CURRENT, ENCLOSURE LEAKAGE CURRENT and PATIENT LEAKAGE CURRENT.

2.5.4 *pATIHNT AUXILIARY CURRENT: Current flowing in the paTiEnT in NorRMAL use between parts ofhe appLiED
pART and ngt intended to produce a physiological effect, for example, bias current of an@mplifier, current
used in imiedance plethysmography.

*See rationale for 2.5.4
2.5.5 Not ysed.

2.5.6 PATIENT LEAKAGE CURRENT: Current flowing from the appLiED PART vig the paTiENT tO earth or flowing from
the pATIENT Via an F-TyPE APPLIED PART tO earth originating from the unintended appearance of a |voltage
from an exfernal source on the pATEENT.
2.6 Earth ferminals and conductors
2.6.1 Not dsed.

2.6.2 Not ysed.

2.6.3 FUNCTIONAL EARTH coNDUCTOR: Conductorto be connected to a FuncTIONAL EARTH TERMINAL (SEe Figure
1).

2.6.4 *rundrioNAL EARTH TERMINAL: Terminal directly connected to a point of a measuring supply|or control
circuit or tg a screening part which'is intended to be earthed for functional purposes (see Figtre 1).

*See rationale for 2.6.4

2.6.5 Not yised.

2.6.6 POTENTIAL EQUALIZATION conbucTor: Conductor providing a connection between equiement and the
potential equalization busbar of the electrical installation.

2.6.7 PROTECTIVE EARTH cOoNDUCTOR. Conductor to be connected between the proTECTIVE EARTH TERMINAL and
an external protective earthing system (see Figure 1).

2.6.8 PROTECTIVE EARTH TERMINAL: Terminal connected to conductive parts of cLass | equipmenT for safety
purposes. This terminal is intended to be connected to an external protective earthing system by a
PROTECTIVE EARTH CONDUCTOR (See Figure 1).

2.6.9 proTECTIVELY EARTHED: Connected to the proTECTIVE EARTH TERMINAL fOr protective purposes by means
complying with the requirements of this Standard.
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2.7 Electrical connection (devices)

2.7.1 arpuiANCE courLER: Means enabling the connection of a flexible cord to equipmenT without the use of
a TooL, consisting of two parts: a maiNs coNNECTOR and an AppuIANCE INLET (See Figure 5).

2.7.2 aprpuiaNcE INLET: Part of an appLiance coupLeR incorporated in or fixed to equipment (see Figures 1

and 5).

2.7.3 Not used.

2.7.4 AUXILIARY MAINS SOCKET-OUTLET: Socket-outlet with mains voLTaGE On EQuiPMENT, accessible without the

use of a 1o
the equiPvE

T.

orand-intended-for-provistomof-mams—supply-to-otheregorvernTorto-other-separate parts of

2.7.5 conpfcTive connecTion: Connection through which a current can flow exceeding, the”allowable
LEAKAGE CURRENT.
2.7.6 *DETACHABLE POWER suPpPLY corp: Flexible cord intended to be connected @ equipmenT by means of a
suitable apgLiaNcE courLEr (See Figures 1, 2 and 5 and Sub-clause 57.3).

*See rationale for 2.7.6
2.7.7 ExTERNAL TERMINAL DEVICE: TERMINAL DEVICE by which electrical~connection to other equipvenT|is made.
2.7.8 rixep|maiNs sockeT-ouTLET: Mains socket-outlet installedtin a fixed wiring system in a building or a
vehicle (seg Figure 5).
2.7.9 INTEREONNECTION TERMINAL DEVICE: TERMINAL DEVICE By which internal connections within equipmenT oOr
between equipmenT parts are made.
2.7.10 wmaiNs connecTor: Part of an appLianegé.¢oupLER integral with or intended to be attached tg a flexible
cord whichl(is intended to be connected e the suppLy MaINs. A MAINS CONNECTOR iS intended to bg inserted
into the apALIANCE INLET Of EQuUIPMENT (SeeFigures 1 and 5 and Sub-clause 57.2).
2.7.11 maNs pLuc: Part integral With or intended to be attached to a power suppLY corp Of EQUIAMENT, to be
inserted iNp a FIXED MAINS SOCKET OUTLET (See Figure 5).
2.7.12 wmaINs TERMINAL DEVIGE: TERMINAL DEVICE by which the electrical connection to the suppLY MaNS IS made
(see Figurg 1).
2.7.13 Notfused.
2.7.14 Not used.
2.7.15 Not used.

2.7.16 TermiNAL DEVICE: Part of equipmenT by which electrical connection is made; it may contain several
individual contacts.

2.7.17 power suppLY corp: Flexible cord, fixed to or assembled with equipment for mains supply purposes.
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2.8 Transformers

2.8.1 Not used.

2.8.2 Not used.

2.8.3 SAFETY EXTRA-LOW VOLTAGE TRANSFORMER: Transformer with an output-winding which is electrically
separated from earth and the body of the transformer by at least sasic insuLaTion and which is electrically

separated from the input-winding by an insulation at least equivalent t0 bouBLE INSULATION Of REINFORCED
iInsuLaTion and which is designed to supply sAFETY EXTRA-LOW VOLTAGE CirCUuits.

2.8.4 Not ysetk
2.8.5 Not ysed.
2.8.6 Not ysed.
2.9 Contrds and limiting devices

2.9.1 apjugraeLe seTTinG (Of a control or limiting device): Setting which canhvbe altered by the operaTor
without the|use of a TooL.

2.9.2 Not yised.
2.9.3 Not Uysed.

2.9.4 rixep|setming (Of @ control or limiting device): Setting not intended to be altered by the ogeraTOR
and which fan only be altered by means of a TooL.

2.9.5 Not ysed.
2.9.6 Not yised.

2.9.7 over{currENT RELEASE: Protective device which causes a circuit to open with or without delay, when
the current|in the device exceglls a predetermined value.

2.9.8 Not Uysed.

2.9.9 Not ysed.

2.9.10 sELA-RESETFING THERMAL CUT-OUT: THERMAL cuT-ouT Which automatically restores the current|after the
relevant part\of equipvenT has cooled.

2.9.11 Not used.

2.9.12 TtHerwmAL cuT-ouT: Device which, during abnormal operation, limits the temperature of equiPmMENT OF
of parts of it, by automatically opening the circuit or by reducing the current, and which is so
constructed that its setting cannot be altered by the operaTor.

2.9.13 TtHErRMOSTAT: A temperature sensing control, which is intended to keep a temperature between two
particular values under normal operating conditions and which may have provision for setting by the
OPERATOR.
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2.10 Operation of EQuIPMENT

2.10.1 coup conbiTion: The condition obtained if equipmenT is de-energized for a sufficiently long time to
attain the ambient temperature.

2.10.2 continuous oreraTION: Operation under normal load for an unlimited period, without the specified
limits of temperature being exceeded.

2.10.3 CONTINUOUS OPERATION WITH INTERMITTENT LOADING: Operation in which equipmenT is connected
continuously to the suppLy mains. The stated permissible loading time is so short that the long term
on-load operating temperature is not attained. The ensuing interval in loading is, however, not

sufficiently

2.10.4 con
continuous
on-load op
cooling dov

2.10.5 pur
In the caseg
sufficiently

2.10.6 INTE
composed
exceeded,

2.10.7 Nor
intact.

2.10.8 NoR
by, accordi

2.10.9 pro
given by th

2.10.10 sH
CONDITION W|
of operatio

2.10.11 s
EQUIPMENT IS

ong-for-cootngtowntothetongtermmo-toad-operating-temperature:
[INUOUS OPERATION WITH SHORT-TIME LOADING: Operation in which equipmenT is connected
y to the suppLy mains. The stated permissible loading time is so short that,the/long

brating temperature is not attained. The ensuing interval is, however, sufficiently 1o
/N to the long term no-load operating temperature.

of operating times and intervals of varying duration, it is caletlated as a mean va
ong time.

RMITTENT OPERATION: Operation in a series of specified-identical cycles, each cycle be
followed by a rest period with the equipmenT runhing idle or switched off.

AL conpiTion: Condition in which all means-provided for protection against sarFety H

ng to the instructions for use.

ERLY INSTALLED: Condition-inxwhich at least the relevant instructions concerning inst
e manufacturer in the aceompanyiNg DocuMmENTS are observed.

thout the specified limits of temperature being exceeded, the intervals between eg

N being sufficient to allow the equipment to cool down to coLb conpiTioN.

GLE FAULT.CONDITION: Condition in which a single means for protection against a sarg|
defective or a single external abnormal condition is present (see Sub-clause 3.6)

ferm
ng for

cycLe: Ratio of the operating time to the sum of the operating time and the ensuing interval.

ue over a

ing

pf a period of operation under normal load, withott' the specified limits of temperafure being

ZARDS are

AL use: Operation, including routine inspection and adjustments by the operaTOR, gnd stand-

hllation

DRT-TIME OPERATION, @peration under normal load for a specified period, starting from coLp

ch period

rY HAZARD in

2.1

0.12DV DR Addition:

X-RAY INSTALLATIONS (LONG-TIME RATING) : A rating based on an operating interval of 5 minutes or
longer.

*See rationale for 2.10.12DV
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2.1

0.13DV DR Addition:

X-RAY INSTALLATIONS (MOMENTARY RATING) : A rating based on an operating interval that does not
exceed 5 seconds.

*See rationale for 2.10.13DV

2.11 Mechanical safety

2.11.1 HyDRrAULIC TEST PRESSURE: PRESSURE applied to test a vessel or part of it for compliance with Clause

45,

2.11.2 *mA
authority of

IMUM PERMISSIBLE WORKING PRESSURE: PRESSURE specified by the manufacturer or by-the
competent person(s) in the report of the most recent examination.

*See rationale for 2.11.2

2.11.3 miNmjium BREAKING LOAD: Maximum load where Hooke’s Law is applicable:

2.11.4 pre

2.11.5 sars

sure (overpressure): Pressure above atmospheric (gauge pressure).

WORKING LOAD: Maximum load on an eQuiPMENT OF EQUIPMENT part that can be permitt

according fp a declaration of the supplier of such an equiPmenT O EQuiPMENT part if his instructi

installation

2.11.6 saFj

and use are followed.

Ty pevice: Means which protect the patient and/or oreraTor from a hazardous force

excessive fravel or from the fall of a suspended mass.irn the event of failure of a means of su

2.11.7 staTic Loap: Maximum loading of a part. excluding any loading caused by acceleration

deceleratio
distribution
considered
2.11.8 saFd

2.11.9 T0T4

n of masses. Where a load is divided over several parallel supporting parts and th
over these parts is not determified unequivocally, the least favourable possibility g

TY FACTOR: The ratio between the MINIMUM BREAKING LOAD and SAFE WORKING LOAD.

L Loap: Sum of the static Loap and the forces caused by acceleration and deceleraj

OCCUITiNg ifi NORMAL CONDITION}

inspection

ed
bns for

due to
spension.
DI

e
hall be

fion
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2.12 Miscellaneous

2.12.1 Not

used.

2.12.2 *mopEL or TYPE REFERENCE (type number): Combination of figures, letters or both used to identify a
particular model of eQuiPmENT.

*See rationale for 2.12.2

2.12.3 nominaL (value): Value quoted for reference purposes which is subject to agreed tolerances, for
example, NOMINAL MAINS VOLTAGE, NOMINAL diameter of a screw.

2.12.4 paTi

2.12.5 Not

2.12.6 Not

2.12.7 Not

2.12.8 RATH

2.12.9 seri
model of gq

2.12.10 su

used.
used.
used.
p (value): Value assigned by the manufacturer to a quantity Characteristic of the e

. Numeer: Number and/or other designation used tosidentify an individual unit of a
UIPMENT.

bPLY MAINS: Permanently installed power sourcé.which may also be used to supply

apparatus {hat is outside the scope of this Standard.

This also inclydes permanently installed battery systems incambulances and the like.

2.12.11 N

2.12.12 7o
adjustment

2.12.13 us

2.12.14 em
resuscitatid

t used.

bL: Extra-corporeal object'which may be used to secure or release fasteners or to

D.
ER: Authority responsible for the use and maintenance of equiPMeNT.

ERGENCY TROELEY: Wheeled trolley intended to support and convey life-supporting an
n equipMeNT-fOr cardio-respiratory emergencies.

2.12.15 FLA

a concentration that ignition may occur under specified conditions. A mixture of the vapour of]

MMABLE ANAESTHETIC MIXTURE WITH AIR: Mixture of a flammable anaesthetic vapour with

ENT: Living being (person or animal) undergoing medical or dental investigation-ot Jreatment.

PUIPMENT.

certain

blectrical

make

air in such
a

flammable disinfection or cleaning agent with air may be treated as a FLAMMABLE ANAESTHETIC MIXTURE WITH
AR subject to national or local regulations.

2.12.16 FLAMMABLE ANAESTHETIC MIXTURE WITH OXYGEN OR NITROUS oxIDE. Mixture of a flammable anaesthetic
vapour with oxygen or with nitrous oxide in such a concentration that ignition may occur under specified

conditions.

2.12.17 operaTor: Person handling eQuiPMENT.

2.12.18 sareTy HAzARD: Potentially detrimental effect on the paTienT, other persons, animals, or the
surroundings, arising directly from EQuiPMENT.
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2.1

PATIENT CARE EQUIPMENT: EQUIPMENT intended for use in or likely to be used in the

2.1

PATIENT VICINITY: In areas in which
space with surfaces likely to be contacted by the

2.19DV D2 Addition:

2.20DV D2 Addition:

PATIENTS are normally cared for, the  PATIENT vicINITY
PATIENT Or an attendant who can

PATIENT VICINITY.

is the
touch

the pamienT. This encloses a space within the room 1,83 m (6 feet) beyond the perimeter of

the

bed (examination table, dental chair, treatment booth, and the like) in its intended

location, and extending vertically 2,29 m (7-1/2 feet) above the floor.

2.1

INTH
intq
mo
as

diff
req
AN

3 General
3.1 EqQuIPMH
to the instr
which is ng
3.2 Not us
3.3 Not us
3.4 EQuIPMH
in this Sta
obtained. S

3.5 Not us

3.6 *The f
Standard:

*See rationale for 2.12.20DV
2.21DV D2 Addition:

RNATIONALLY HARMONIZED COMPONENT STANDARD : A standard satisfying U,S, national and
rnational safety concerns and may include national differences (exceptions) which
dify the requirements of the relevant internationally recognized Safety standard, (s
an IEC/ISO standard). When necessary, due to national safety.concerns, the natig
brences may include the unique U.S. national safety, regdlatory, and legal
uirements taken from the relevant nationally recognized ‘safety standard (such as
SI/UL standard).

requirements
nT shall, when transported, stored, installed~operated in normAL usg, and maintaine

ictions of the manufacturer, cause no_sarety Hazarp Which could reasonably be fo
t connected with its intended application, in NorRMAL conpiTion and in SINGLE FAULT CO

[1°

d.

al

d.

NT Or parts thereof, Using materials or having forms of construction different from thd
hdard, shall be acgepted if it can be demonstrated that an equivalent degree
ee also Clause 54.

a)

d.

bllowing sINGLE FAULT conpiTions are the subject of specific requirements and te

ich
nal

] according
reseen and
DITION.

se detailed
bf safety is

psts in this

a)
b)

*C)

interruption of a PROTECTIVE EARTH CONDUCTOR (See Section Three);
interruption of one supply conductor (see Section Three);

appearance of an external voltage on an r-1yre APPLIED PART (See Section Three);

d) appearance of an external voltage on siGNAL INPUT OF ON @ SIGNAL OUTPUT PART (See Section
Three);
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e) leakage of the ENcLOSURE Of & FLAMMABLE ANAESTHETIC MIXTURE WITH OXYGEN OR NITROUS OXIDE (See
Section Six);

f) |

eakage of liquid (see subclause 44.4)

g) failure of an electrical component which might cause a sareTy HazarD (See Section Nine);

h)

failure of mechanical parts which might cause a saFeTy HAzARD (See Section Four);

j) failure of temperature limiting devices (see Section Seven).

Where a sNGrEFAUrTTONDITTON-TeStits uuo.vuiu'a'u:y manother—smwereFrorTconormo;-the—two—failures are
considered|as one SINGLE FAULT CONDITION.
*See rationale for 3.6

3.7 The following phenomena are considered by this Standard as unlikely to aécur:

a) [total electrical breakdown of a DouBLE INSULATION;

b) lelectrical breakdown of a REINFORCED INSULATION;

c) [interruption of a fixed and permanently installed PRQTECTIVE EARTH CONDUCTOR.
3.8 Earthirjg of a paTiENT iS considered as a NORMAL CONDITION:
3.9 Unlesq otherwise specified in the instructions foruse, equipvent shall not be required to withstand the
effects of operation under separate dust covers or\sterile covers (see Sub-clause 52.5.5).
Compliancg with the requirements of this clause is considered to exist when the criteria of the relevant
inspectiony and tests in this Standard are<achieved.

3.10DV D2 Addition of 3.10DY.1 — 3.10DV.3:

*See rationale for 3.10DV

3.10DV.1 Components

3.10DV.1.1 da-addition to compliance with this standard, the following components shall

meet nationally recognized standards (such as ANSI/UL standards) or INTERNATIONALLY

HARMONIZED COMPONENT STANDARDS .

a) Printed wiring boards
b) Lithium batteries
c) Optical isolators

d) Wiring and tubing
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Items a), c), and d) are exempt from this requirement if they are connected totally in an

e) CRTs > 5 inches

SELV

circuit limited to 15 W, or less, maximum available power and whose failure will not result
iN @ SAFETY HAZARD.

3.1

0DV.2 Primary circuit components

3.10DV.2.1 In addition to compliance with this basic standard, components in the primary
circuit up to the isolation transformer shall meet nationally recognized standards (such as

AN

SI/UL standards) Or INTERNATIONALLY HARMONIZED COMPONENT STANDARDS .

3.]]ODV.3 Annex DVA tabulates UL component Standards covering componén

Spé

4 *Genera

4.1 *Tests
Tests desdq

the failure
tested.

4.2 Repeti

Unless oth
dielectric s

4.3 *Numh
Type tests

Exceptiona

cified in subclauses 3.10DV.1 and 3.10DV.2.
requirements for tests

*See rationale for 4

ribed in this Standard are type tests. Only insulation, eomponents and constructio

of which could produce in NORMAL CONDITION Of SINGIE\FAULT CONDITION & SAFETY HAZA
*See rationale for 4.1

fion of tests

erwise specified in this Standard,~tests shall not be repeated. This applies particl

er of samples
are made on one representative sample of the item being tested.
ly, an additional sample may be required.

*See rationale for 4.3

rength tests, which are made ehly at the manufacturer’s site or in test laboratorieq.

ts as

hal features
rp shall be

larly to the
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4.4 Components

All components, the failure of which could cause a sarety HazarD, shall be capable of withstanding the
stresses encountered in the equiPment in normAL use and shall satisfy the appropriate section of this
Standard.

Compliance of the rating of such components with conditions of use is checked by inspection.

A component or eouipment part which has specified ratings exceeding that of its appropriate use in
equipMENT does not have to be tested for such a wider range (see also Sub-clause 56.1).

b' e - L Y o+ ) H
45 Am et werripcratarc, riarrndity, atitftusUricriC FRESSUKRE

a) |After the eouipvenT to be tested has been set up for normaL use (according t6.4.8) fests are
calfried out within the range of environmental conditions specified in 10.2.1, ,unless otherwise
specified by the manufacturer.

For reference tests (if the results are dependent on the ambient condition) one set of
atmospheric conditions specified in table | is recognized.

Table |
Specified atmospheric conditions

Tempegrature (°C) 23+ 2
Relativgd humidity (%) 60+ 15
Atmospheric PRESSURE 860 hPa to 1 060 hPa

(645 mm Hg to 795 mm Hg)

b) |ecuirment shall be shielded from other influences (for example, draughts), which might affect
thg validity of the tests.

¢) |In cases where ambient temperatures cannot be maintained, the test conditions ale to be
comsequently modified and results adjusted accordingly.
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4.6 Other conditions

a) Unless otherwise specified in this Standard, equipmENT IS to be tested under the least
favourable specified working conditions, but in accordance with the instructions for use.

b) eouipmENT having operating values which can be adjusted or controlled by the operaTor Shall
be adjusted during the tests to values least favourable for the relevant test, but in accordance
with the instructions for use.

c) If the test results are influenced by the inlet pressure and flow or chemical composition of the
cooling liquid, the test shall be carried out within the limits for these conditions as prescribed in

th

d)
Su

e)
4.7 Supply

In the con
ignored for

a)
eff§

Th

An
md
d.dg

b)
0 §
tes

c)

in

supply, for example, number of phases (except for single-phase supply) and type of

d)

" L H lal s
weorirndar ucoLriuturt.

During any test under siNnGLE FAULT conpiTion, one fault only at a time shall be‘applid
b-clause 3.6).

Where cooling water is required, potable water shall be used.
and test voltages, type of current, nature of supply, frequency

ext of this Standard the mains voLTace may be subject to.fltictuations; these fluct
the purposes of the term "raTep".

Where test results are influenced by deviations ofthé supply voltage from its raTe
bct of such deviations shall be taken into account:

b waveform of a supply voltage during tests<shall be according to Sub-clause 10.2
test voltage below 1 000 V a.c. or &500 V d.c. or 1 500 V peak value shall not (

re than 2% from the prescribed value. Any test voltage at and above 1 000 V a.c.

EouiPmeNT for a.c. only shall\be tested with a.c. at ratep frequency (if marked) +1 H
nd 100 Hz and +1% above 100 Hz. eouipvent marked with a ratep frequency rang
fed at the least favotrable frequency within that range.

FouipmenT designed for more than one ratep voltage, or for both a.c. and d.c., shal
tonditions (described in Sub-clause 4.6) related to the least favourable voltage and

eouipMeNT for d.c. only shall be tested with d.c.; the possible influence of polarity o

op

or 1 500 V peak value shall notdiffer by more than 3% from the prescribed valug.

d (see

Lations are

b value, the

2a).

liffer by
or1500V

D

7 between
e shall be

be tested
! nature of
current.

n the
bns for use.

bration of the eouipmenT shall be taken into consideration, according to the instructic

e) Unless otherwise specified by this Standard or by a Particular Standard, eouipvent shall be
tested at the least favourable ratep voltage within the relevant range. It may be necessary to
perform some of the tests more than once in order to establish the least favourable voltage.

f) eouipmenT for which alternative accessories or components specified by the manufacturer are
available shall be tested with those accessories or components which give the least favourable
conditions.
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g) eouirmenT intended for use with a specified power supply, for example regarding voltages,
capacitances, insulation resistances respectively to earth, etc., shall be tested with such a
specified power supply.

h) Measurement of voltages and currents shall be carried out with instruments which do not
appreciably affect the magnitude of the values to be measured.

4.8 *Preco

nditioning

Before testing is started, eouirment shall be kept in the testing location unoperated for at least 24 h. Before
the actual series of tests, it is operated as far as is necessary for the tests at ratep voltage, in accordance

with the ing

4.9 Repain

In the even
the sequer
a new san
repairs or

4.10 *Hum
Prior to the
of continug

treatment.

EQUIPMENT O
transport a

This test shall be applied only to those Eouipvent parts likely to create a sarery Hazarp when in

the climatig

Parts whidg
simultaneo

Doors, dra
opened an

The humid

treretrorns—for-tse:

*See rationale for 4.8
5 and modifications
[ of the necessity for repairs or modifications after a failure or a likelifiood of future fa
ce of tests, the testing laboratory and the supplier may agree either upon the pre
ple on which all tests shall be carried out again or preferably,»upon making all the
nodifications after which only relevant tests shall be repeated.
idity preconditioning treatment
tests of 19.4 and 20.4, all equipmenT not being IPX8, (see IEC 529, protected agains

us immersion in water) or equipmenT parts shall be subjected to a humidity preg

' eouipveNnT parts shall be set up camplete (or where necessary in parts). Covers |
hd storage shall be detached.
conditions that are simulated by the test.

h can be detacheth without the use of a toor. shall be detached but shall
Lsly with the majonpart.

vers and aecess covers Which can be opened or detached without the use of a 1d
[ detachéed.

ity préconditioning treatment shall be performed in a humidity cabinet containing

relative huf

ilure during
sentation of
necessary

the effects

onditioning

ised during

fluenced by

be treated

oL shall be

y air with a

jTidity of 93% + 3%. The temperature of the air in the cabinet, at all places where Eg

UIPMENT can

be located, shall be maintained within 2°C of any convenient value t in the range of +20°C to +32°C.
Before being placed in the humidity cabinet, eouirment shall be brought to a temperature between t and t

+ 4°C, and

kept at this temperature for at least 4 h before the humidity treatment.

eouipveNT and equipMeNT parts shall be kept in the humidity cabinet for:

— 2 days (48 h) for eouipmenT raTED IPXO (non-protected);

— 7 days (168 h) for eouipmENT RATED IPX1 to IPX8.
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After the treatment, the equipmENT IS reassembled, if necessary.

*See rationale for 4.10

4.11 Sequence

It is recommended that all tests be performed in the sequence as given in Appendix C. The tests
numbered C23 to C29 shall be performed in the specified sequence.

5 *Classification

ey s Lok =
QCT Taluriaic 1ur o

eQuipMeNT and its appuiED PARTs shall be classified by marking and/or identification as deScribe

6. This incl
5.1 *Accor

a)

b)

5.2 Accord

5.3 Accord
529 (see 6

5.4 Accord

5.5 Accord

Lides:
Hing to the type of protection against electric shock:
EQuIPMENT energized from an external electrical power source:
— CLASS | EQUIPMENT,;
— CLASS Il EQUIPMENT.
INTERNALLY POWERED EQUIPMENT.

*See rationalé’ for 5.1
ing to the degree of protection against electric shock:
PE B APPLIED PART,

PE BF APPLIED PART,
PE CF APPLIED PART.

ing to the degree) of protection against ingress of water as detailed in the current ed

11).
ing tothe’ method(s) of sterilization or disinfection recommended by the manufacty

ing to the degree of safety of application in the presence of a FLAMMABLE ANAESTHETIC

H in Clause

ition of IEC

rer.

IXTURE WITH

AIR OI' WITH OXYGEN OR NITROUS OXIDE:

— EQUIPMENT Nnot suitable for use in the presence of a FLAMMABLE ANAESTHETIC MIXTURE WITH AIR OF WITH
OXYGEN OR NITROUS OXIDE;

— CATEGORY AP EQUIPMENT;,

— CATEGORY APG EQUIPMENT.
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5.6 According to the mode of operation:
— CONTINUOUS OPERATION;
— SHORT-TIME OPERATION;
— INTERMITTENT OPERATION,
— CONTINUOUS OPERATION WITH SHORT-TIME LOADING;

— CONTINUOUS OPERATION WITH INTERMITTENT LOADING.

5.7 Not uspd.

5.8 Not uspd.

6 ldentificgtion, marking and documents

For the purpose of this clause the following meanings shall apply to identifi€ation and markin
— Rermanently affixed:

Removable with a TooL only or by appreciable fotece and capable of complyin
requirements of Sub-clause 6.1.

— (learly legible:

location and legible with normalvision from the operaToR’s position.

« for Fixep equipmenT: discernible when the equipmenT is mounted in its position
USE.

discernible in nORMAL use or after dislodging the equipvenT from a wall against
the case of dismountable rack units, after their removal from the rack.

— Nlajor partt

«\for warning statements on outside or inside surfaces of the equipmenT: 0on or
control panel or on or near a relevant part.

B

@ with the

« for warning statements, instructive ‘statements or drawings: affixed in a prominent

Df NORMAL

o for TRANSPORTABLE EQUIPMENT and for sTATIONARY EQUIPMENT Which iS not FIXeED EQUIPMENT:

which it

has been pgsitioned or after turning the equipment from its position of NormAL Yse and in

near the

» for mopeL or TyPE REFEReNCE and all markings referring to the suppLy maiNs (power input,

voltage, current, frequency, classification, mode of operation, etc.): usually on the
outside of the part that contains the suppLy mains connection and preferably adjacent to

the connection point.
6DV D2 Modification of 6 by adding 6DV.1 — 6DV.4:

*See rationale for 6DV
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6DV.1 The text of the marking prefaced with an upper case signal word "CAUTION",
"WARNING", or "DANGER", shall consist of upper and lower case letters, in English, that
comply with the following:

a) All words comprising the text of the marking, excluding the signal word, shall
be in letters not less than 1,6 mm (1/16 inch) high, based upon upper case,

b) The signal word shall be in letters at least 2,8 mm (7/64 inch),
c) The letters shall be in contrast color to the background. Letters that are raised

or indented and do not have a contrasting color to the background are not

lal
acceptabre:

6DNM.2 equipmenT capable of emitting ionizing radiation shall bear a warning, statement
concerning the risk of injury to persons from X-radiation. The control panel containing [the

majin power switch shall bear the warning statement, legible and accessible to View:
RNING: This X-ray unit may be dangerous to  paTiENT and orPeraTéR)UNlESS Safe[exposure
facfors and operating instructions are observed. "

6D)V.3 When a manufacturer produces or assembles  equipveENT@t more than one factory, the
eqQUipmenT shall have a distinctive marking — which may be irkcode — by means of which it
be identified as the product of a particular factory.

6D)V.4 Multiple-voltage EequipmenT intended for permanént connection to the branch|circuit
shall be marked to indicate the particular voltage far which it is connected when shipped
from the factory. The marking may be in the form"ef'a paper tag or any other nonpermgnent
malterial.

6.1 Markinig on the outside of EQUIPMENT OF EQUIRMENT parts
a) |Mains operated equiPMENT
Malins operated equipmenT, including separable components thereof which have a maing PART,
shall be provided at least, with "permanently affixed” and "clearly legible” markings on the
"major part” of euipmenNT\@S described in Table I, Column 3.
b) |INTERNALLY POWERED EQUIPMENT
INTERNALLY POWERED EQuIPMENT Shall be provided at least with the following "permanently| affixed”

and "clearlylegible” markings on the "major part” of equipmenT as described in Table |I, Column
4,

¢) eouiPmenT supplied from a specified power supply

eQuipMeNT intended to be supplied from a specified power supply (other than the suppLy mains and
isolated from it), which is or is not part of the equirvent model or type shall be provided
minimally with the following "permanently affixed” and "clearly legible” markings on the outside
of the equipmenT as described in Table Il, Column 5.
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If the specified power supply is not part of the equipment model or type, the instructions for use
of the equipmenT shall additionally establish reference to the model or type of such a specified
power supply. If safety aspects are involved, the model or type of such a specified power
supply shall be permanently marked on the outside of the equiement and included in the
instructions for use.

Table Il
Marking on the outside of EQuiPMENT
eQuievenT supplied
Mains operated INTERNALLY POWERED from.g specified
Requiremerjts as EQUIPMENT EQUIPMENT power source
specified in|Sub- (see Sub-clause (see Sub-clauses (see $ub-clause
clausep Subject 6.1a)) 6.1b) and 14.5) b5.1c))
6.1e Indication of origin X X X
6.1f) MODEL OR TYPE REFERENCE X X X
6.1g, Connection to the supply x2) = -
6.1h Supply frequency (Hz) x2) - -
6.1j) Power input x2 - -
6.1k Mains power output x1) - -
6.1/) Classification xb xb xb
6.1m Mode of operation x¥ xb xb
6.1n Fuses xb) xb xb
6.1p, Output xb xD xD
6.1q Physiological effects xb xb xb
6.1r) CATEGORY AP/APG EQUIPMENT xD xb xb
6.1s, HIGH VOLTAGE TERMINAL DEVICE xb xb x
6.1t) Cooling conditions xb xb xb
6.1u Mechanical stability x1) x1) x1)
6.1V, Protective packing xb xb xb
6.1y, Earth terminals xb xb xb
6.1z Removable protective_heans xb) xb xb
x Marking repuired.
1 If applicable.
2) Not for PERMANENTLY INSTALLED EQUIPMENT if marked on the inside. See also Sub-clause 6.2a).
d) IMinimum¢reguirements for marking on eouipment and on interchangeable parts
If the size~of the equipmenT specified in Sub-clause 6.1 or the nature of its encLosure dpes not
allqw affixation of all specified markings, then at least the markings as indicated in Sub-clauses

e) Indication of origin

\| D) UUIFPV \|

be affixed and the remaining markings shall be recorded in

full in the accompanYING DO
Where no marking is practicable, all information shall be included in the AccomPANYING DOCUMENTS.

able) shall
CUMENTS.

The name and/or trade-mark of the manufacturer or supplier claiming that the eqQuiPmenT
complies with this Standard.

*f) MODEL OR TYPE REFERENCE
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g) Connection to the supply
— The raTeD supply voltage(s) or voltage range(s) to which equipvent may be connected.

— Nature of supply, for example, number of phases (except for single-phase supply) and
type of current.

h) Supply frequency

RATED frequency or raTep frequency range in hertz.

]) Povvrer Illlput (occ Clatrse 7/‘
The raTeD input shall be given in amperes or volt-amperes or in watts where thé power factor

exgeeds 0,9.

given for the upper and lower limits of the range or ranges, if the range(s) is/are gregter than

In (Fe case of equipmenT for one or several raTeD Voltage ranges, the rafed input shall plways be
+10% of the mean value of the given range.

In the case of range limits which do not differ by more than ¥0% from the mean valug¢, marking
of fhe input at the mean value of the range is sufficient.

If the rating of equipvenT includes both long-time and‘momentary current or volt-ampefe ratings,
thel marking shall include both long-time and the m@st relevant momentary volt-ampefe rating,
eag¢h plainly identified and indicated in the ACCOMPANYING DOCUMENTS.

The marked input of equipmenT provided with*means for the connection of supply conductors of
other equipmenT shall include the ratep. (and marked) output of such means.

k) Mains power output
AUXILIARY MAINS SOCKET OUTLERS) 0T eQuipmeNT shall be marked with the maximum allowed output.
) Classification
— The syrbol for cLass i equipmen, if relevant (see Appendix D, Table DI, Symbol 10).
— Asymbol, using the letters IP, followed by X and the relevant characteristig numeral

(1t0’'8) of IEC Publication 529, according to the degree of protection providefl by the
ENcLOSURE With respect to harmful ingress of water.

NOTE - equirment of IPXO classification is not required to be marked as such.

— A symbol indicating the type of appLiED PART according to the degree of protection
against electric shock for Tvyre B, TyPE BF and TYPE cF APPLIED PARTS (See Appendix D, table
DIl, symbols 1, 2 and 3).

For clear differentiation with symbol 2, symbol 1 shall not be applied in such a way as
to give the impression of being inscribed within a square.
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If the euipmMenT has more than one appLiED PART With different degrees of protection, the
relevant symbols shall be clearly marked on such appLIED PARTS, OF ONn Or near relevant
outlets (connection points).

DEFIBRILLATION-PROOF APPLIED PARTS Shall be marked with the relevant symbols (see
Appendix D, table DII, symbols 9, 10 and 11).

— If the protection against the effect of the discharge of a cardiac defibrillator is partly in
the paTiEnT cable, the symbol 14 in Appendix D, table DI, shall be marked near the
relevant outlet.



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

42B UL 60601-1 JUNE 30, 2003

No Text on This Page



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003 UL 60601-1 43

m) Mode of operation
If no marking is provided, equipmenT is assumed to be suitable for conTinuous OPERATION.
*n) Fuses

The type and rating of fuses accessible from the outside of equipmenT shall be marked adjacent
to the fuse-holder.

p) Output

—RATED OUtptt-volttageandcurrentorpower-{whereappticabie):
— Output frequency (where applicable).

q) |Physiological effects (symbols and warning statements)

eqyipmenT producing physiological effects which may cause danger to the patient and/@r oPERATOR
shall bear a suitable symbol concerning the relevant hazard. The symbol shall appeaf in a
prgdminent location so that it will be clearly visible after the equiPMeNT has been installgd.
If gpplicable, symbols for particular hazards, as adopted by4SO or IEC Publication 417, shall be
used. For non-ionizing radiation (for example, high-power-microwaves), Symbol 8 of Table DII

of Appendix D shall be used.

For other hazards, where no specific symbol is available, Symbol 14 of Table DI of Appendix D
shall be used.

r) CATEGORY AP/APG EQUIPMENT

For requirements on marking, see;Clause 38.
S) IHIGH VOLTAGE TERMINAL DEVJEES

HIGH VOLTAGE TERMINAL DEWICES On the outside of equipmvenT Which are accessible without {he use of
a tpoL shall be marked*with the symbol "dangerous voltage" (see Appendix D, Table |DII,
Symbol 6).

t) Cooling cenditions

Repuirements for cooling provisions for equipment (for example, supply of water or air)] shall be
majrked.

u) Mechanical stability
For requirements on equipmenT with a limited stability, see Clause 24.
v) Protective packing

If special measures have to be taken during transport or storage, the packing shall be marked
accordingly (see Sub-clauses 6.8.3d) and 10.1 and ISO Publication R780).
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Where premature unpacking of EQUIPMENT OF EQUIPMENT parts may result in a saFeTy HAZARD, the
packing shall be appropriately marked.

The packaging of equipmeNT Or accessories supplied sterile shall be marked as sterile.

w)
X)

y)

Not used.

Not used.

Earth terminals

*Z)
If g
util
rep
intq
Complianc
-1
-1
For determ
cloth rag sd

temperatun

Markings §
C, Item C3

When eval

A . £ i} . £ 1 Hl
la) tUIIIIIIIaI TUI tIIU bUIIIIUthUII Ul a FUTENTIAL EQUALIZATION CONDUCTOR Sliall UT 1

Symbol 9 of Table DI of Appendix D (see Sub-clause 18¢)).

Removable protective means

lacement when the relevant function is no longer needed&No marking is required
rlock is provided (see also Sub-clause 6.8).

b with the requirements of Sub-clause 6.1 is checked as follows:

nspect the presence of required markings onthe outside of EQuiPMENT.

[est the durability of markings.

ination of durability, markings are rubbed by hand, without undue pressure, first for
aked with distilled water, then for)15 s with a cloth rag soaked with methylated spiri

e and then for 15 s with a cloth rag soaked with isopropyl! alcohol.

hall be clearly legible after all the tests of this Standard have been performed (se
). Adhesive labels Shall not have worked loose or become curled at the edges.

Lating durability, the effect of normaL use on markings is also to be taken into acco

*See rationale for 6.1

— A runcTioNAL EARTH TERMINAL Shall be marked with Symbol 7 of Table DV of A

huipMenT has alternative applications which require the removal gDa protective mes
ze a particular function, the protective means shall be marked.to indicate the nece

1arked with

pendix D.

ns to
ssity for
when an

15 s with a
at ambient

e Appendix

unt.
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6.2 Marking on the inside of EQuIPMENT OF EQUIPMENT parts

a) Marking on the inside of equipmenT or equipmenT parts shall be "clearly legible” as defined in
Sub-clause 6.1. Concerning permanent affixation, it shall not be subjected to the rubbing test of

Sub-clause 6.1.

The nominaL supply voltage or voltage range to which PERMANENTLY INSTALLED EQUIPMENT can be
connected may be marked on the inside or the outside of equipmenT, preferably adjacent to the
supply connection terminals.

b) The maximum power loading of heating elements or lampholders designed for use with

heatmgtamps—shattbecteartyand-ndetibly markedrear-theheateror-imrthehreatertself.

Fo
chg
ma|

c)

(se

d)
cla

Fo
the
DO(

*e)

to the fuse, or by at least a reference, for“example, the diagram number which can b

asy

f)
DI,
Pu

g9)
Ta

h)
in {
Ta

heating elements or lampholders designed for use with heating lamps not ifitende
inged by the operaTor and which can be changed only with the use of a fool] an i
rking referring to information stated in the accompanviNg DocumeNTs is sufficient.

The presence of HicH voLTace parts shall be marked with the symboel-"dangerous v
e Appendix D, Table DIl, Symbol 6).

The type of battery and the mode of insertion (if applicable) shall be marked (see
ise 56.7h)).

batteries not intended to be changed by the operaTorR and which can be changed
use of a Toot, an identifying marking referring terinformation stated in the accompa
umMmEeNTs is sufficient.

Fuses accessible only with the aid of a TooL shall be identified either by type and
ociated with the technical descriptioh in which the type and rating shall be stated.
ROTECTIVE EARTH TERMINALS Shall-be marked with the prescribed symbol (see Append
Symbol 6) unless the PROTECTIVE EARTH TERMINAL iS iN an APPLIANCE INLET according to
plication 320.

ble DI, Symbol (7).

TerminalSavhich are provided exclusively for the connection of the neutral supply

ERMANENTLY INSTALLED EQUIPMENT Shall be marked with the prescribed symbol (see Ap
ble DI»Symbol 8).

d to be
entifying

bltage”

Sub-

only with
NYING

rating next

1%

x D, Table
IEC

FUNCTIONAL EARTH TERMINALS Shall be marked with the prescribed symbol (see Appendlix D,

conductor
pendix D,

j) Markings required in Sub-clauses 6.2f), h), k) and /) on or near electrical connection points
shall not be affixed to parts which have to be removed to make the connection. They shall
remain visible after the connection has been made.

Markings on or near terminals shall comply with IEC Publication 445.

k) The correct method of connection of the supply conductors shall be marked clearly with
terminal marking which should be affixed adjacent to the terminals, unless no saFety HAzARD can
develop if connections are interchanged.
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If eQuipmENT IS SO small that the terminal marking cannot be affixed, it may be included in the
ACCOMPANYING DocUMENTS. If marking for connection to a three-phase supply is necessary, it shall

be

according to IEC Publication 445.

[) If any point within a terminal box or wiring compartment intended for connection of the power
supply conductors for permanently connected equipment (including such conductors
themselves), attains a temperature of more than 75°C during the normal temperature test,
equipMeNT shall be marked with the following or any equivalent statement:

"For supply connections, use wiring materials suitable for at least ... °C".

Th
ma

m)

n)
15

Complianc
described

6.2

Re

6.3 Markin

a)
acq
by
b)

ind
Ta

c)

s statement shall be located at or near the point where the supply connections arg
de and shall be clearly discernible after the connections have been made.

Not used.

Capacitors and/or the connected circuit parts shall be marked as réquired in Sub-

-.) .

b with the requirements of Sub-clause 6.2 is checked by application of the tests an
N Sub-clause 6.1, except the rubbing test.

*See rationale for 6:2

DV D2 Modification of item I) in 6.2:
blace 75°C by 60°C.

*See iationale for 6.2DV
g of controls and instruments
A mains switch shall be{clearly identified. "ON" and "OFF" positions shall be mark
ording to the relevant 'symbols of Appendix D (Symbols 15 and 16 of Table DI), o
an adjacent indicatorlight or other unambiguous means.
Different positioris of control devices and different positions of switches on equiPme
cated by figures, letters or other visual means, e.g. by means of Symbols 17 and

ple DI.

If imwormAL use the change of setting of a control could cause a saFeTy HAZARD tO th

to be

Clause

o criteria as

ed
" indicated

T shall be
18 of

© PATIENT,

sud

d)

e)

h-controls-shall be provided-with-either:
— an associated indicating device, e.g. instruments or scale, or

— an indication of the direction in which the magnitude of the function change
also Sub-clause 56.10c).

Not used.

Not used.

S. See
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f) The functions of operaTor controls and indicators shall be identified.

g) Numeric indications of parameters shall be in Sl units according to ISO 1000 with
following additions:

Units outside the International System, which can be used on eqQuiPMENT:
— Plane angle units:

* revolution,

the

—gracte;
* degree,
» minute of angle,
» second of angle;
— Time units:
* minute,
* hour,
* day;
— Energy unit:
* electronvolt;
— pressure Of blood and\ether body fluids:
 millimetre~ef mercury.

Compliancg with the requiréments of Sub-clause 6.3 is checked by inspection and applicd
durability test of 6.1.

ation of the
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6.4 *Symbols

a) Symbols used for marking according to Sub-clauses 6.1 to 6.3 shall conform to Appendix D,
where applicable. See also Sub-clause 6.1q).

b) Symbols used for controls and performance shall conform to IEC Publication 878, where
applicable.

Compliance is checked by inspection and application of the durability test of 6.1.

*See rationale for 6.4

6.5 Colours of the insulation of conductors

a) |A proTECTIVE EARTH conbucTor shall be identified throughout its length by green and|yellow
colpured insulation.

b) JAny insulation on conductors inside equiPMENT Which connect AcceSsIBLE METAL PARTS| OF Other
PRATECTIVELY EARTHED parts with a protective function to the proTECTIVE_EARTH TERMINAL Shall be
identified by the colours green and yellow at least at the terminatien of the conductors.
c) [dentification by green and yellow insulation shall only-be-used for:
— PROTECTIVE EARTH CONDUCTORS (See Sub-clause 18b));

— Conductors as specified in Sub-clause \6:5b);

— POTENTIAL EQUALIZATION CONDUCTORS «(S€e Sub-clause 18 e));

— FUNCTIONAL EARTH CONDUCTORS-@$ specified in Sub-clause 18 /).
d) [Conductors in power suppLY cbRDs intended to be connected to the neutral conductpr of the
supply system shall be coloured "light blue" as specified in IEC Publication 227 (Amgndment

No| 1) or in IEC Publication-245.

e) |Colours of conductors in power suppLY corps shall be in accordance with IEC Publication 227
(Amendment No. @)yor with IEC Publication 245.

f) Where a_fulti-conductor cord is used between equipmenT parts and the maximum dllowed
resistance’of the protective earth connection would be exceeded if only the green ang yellow
colpured’conductor were used, other conductors of the same cord may be connected in parallel
with*the green and yellow conductor, provided that the ends of such additional condugtors are
marked green and yellow.

Compliance with the requirements of Sub-clause 6.5 is checked by inspection.
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6.6 Identification of medical gas cylinders and connections

a) ldentification of the content of gas cylinders used in medical practice as a part of electrical
equipmenT shall be in accordance with ISO Recommendation ISO/R 32. See also Sub-clause
56.3a).

b) The point of connection of gas cylinders shall be so identified on equipmenT that errors are

avo

ided when a replacement is made.

Compliance with the requirements of Sub-clause 6.6 is checked by inspection of the identification of the
content, and the point of connection of gas cylinders.

6.7 *Indicd

6.6DV DR Modification of 6.6 by replacing item (a) with the following:

a) |Colours of indicator lights

On

ne¢d for urgent action.

tor lights and push-buttons

a) ldentification of the content of gas cylinders used in medical practice’as part

of electrical EequipmenT, if accomplished through color coding, shall be in

accordance with the color coding requirements of the Standard(for Health Cafe

Facilities, ANSI/NFPA 99. See also sub-clause 56.3(a).

*See rationale for 6.6DV

eQuipmenT the colour red shall be used exclusively to indicate a warning of danger

and/or a

Dor-matrix and other alphanumeric displays are not considered to be indicator lights.
Table I
Recommended colours oftifdicator lights and their meaning for EQUIPMENT
Colour Meaning
Yellow Caution or attention required
Green Ready for action

Any other co

our Meaning other than that of red or yellow

b)

Th

Colours-of tnilluminated push-buttons

e colour red shall be used only for the push-button by which a function is interruptg

ed in case

of

brergency.

c)
d)

Not used.

Not used.

Compliance with the requirements of Sub-clause 6.7 is checked by inspection (see also Sub-clause 56.8).

*See rationale for 6.7
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6.8 ACCOMPANYING DOCUMENTS
6.8DV D2 Modification of 6.8 by adding the following:

Cord-connected Eequipment shall be provided with instructions to indicate the type of
attachment plug that should be used for connection to the alternate voltage.

6.8.1 *General
equipmMenT shall be accompanied by documents containing at least instructions for use, a technical

description and an address to which the user can refer. The accompanying pocumenTs shall be regarded as
a componegntpartofegorvenT:

All applicable classifications specified in Clause 5 shall be included in both the instructions for use and
the technicpl description, if separable.

All markingps specified in Sub-clause 6.1 shall be included in full in the aAccompanyiNg bocumenTs |[f they have
not been permanently affixed to equipment by the manufacturer. See also Sub=clause 6.1d).

Warning statements and the explanation of warning symbols (marked onthe equipmenT) shall Ipe provided
in the ACCOPANYING DOCUMENTS.

*See rationale for 6.8
6.8.2 Instrlictions for use

*a)l General information
— Instructions for use shall statesthe function and intended application of the gQuiPmeENT.
— Instructions for use shallcontain all information necessary to operate the eQuiPmMeNT in
accordance with its spedification. This shall include explanation of the function of
controls, displays and:signals, the sequence of operation, connection and disconnection
of detachable parts-and accessories, replacement of material which is consumed during
operation.
— Instructions for use shall provide the user or operaTOR With information regafding
potential electromagnetic or other interference between the equiement and other devices

together with advice regarding avoidance of such interference.

= Instructions for use shall include indications on recognized accessories, detgchable
parts and materials, if the use of other parts or materials can degrade minimym safety.

— Instructions for use shall instruct the user or operaToRr in sufficient detail concerning
cleaning, preventive inspection and maintenance to be performed by him, including the
frequency of such maintenance.

Such instructions shall provide information for the safe performance of routine
maintenance.
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*h)

Additionally, instructions for use shall identify the parts on which preventive inspection
and maintenance shall be performed by other persons, including the periods to be

applied, but not necessarily including details about the actual performance of
maintenance.

— The meaning of figures, symbols, warning statements and abbreviations on
shall be explained in the instructions for use.

Responsibility of the manufacturer

Not used (see Appendix A).

such

EQUIPMENT

c)

If 4
cofl
(se

d)

Fo
usH
(se
the

e)

Ing
aut

to the necessity for periodical checking or replacement of such an additional power s

CLA
INTH
the
EQU

)

Ins
the
SAF

9)

SIGNAL OUTPUT and SIGNAL INPUT PARTS

SIGNAL OUTPUT OF SIGNAL INPUT PART IS intended only for connection to specified-€quipn
hplying with the requirements of this Standard, this shall be stated in the-instructio
e Sub-clauses 19.2b) and 19.2¢)).

Cleaning, disinfection and sterilization of parts in contact with thepatient

EQUIPMENT parts which come into contact with the paTient 8uring NORMAL USE, instrud
shall contain details about cleaning or disinfection or sterilization methods that m
e also Sub-clause 44.7) or, where necessary, identifyysuitable sterilization agents,
temperature, pressure, humidity and time limits which such equiement parts can tol

Mains operated eouipmenT With additional power’ source

fructions for use of mains operated equipMenT containing an additional power sourc]
omatically maintained in a fully usabte-condition shall contain a warning statement

Es | EQUIPMENT IS specified for opération connected to a suppLy maiNs and alternativel
RNAL ELECTRICAL POWER SOURCENIAStructions for use shall contain a statement saying
integrity of the external protective conductor in the installation or its arrangement
iPMENT Shall be operatedfrom itS INTERNAL ELECTRICAL POWER SOURCE.

Removal of primary; batteries
fructions for.use of equipmenT containing primary batteries shall contain a warning t

se batteries-if equipmenT is not likely to be used for some time, unless there is no r
ETY HAZARD arising.

ENT
ns for use

tions for
Ay be used
and list
erate.

e not
referring
burce. If
 using an
that where
s in doubt,

D remove
sk of a

Rechargeable batteries

Instructions for use of equipmMENT containing rechargeable batteries shall contain instructions to
ensure safe use and adequate maintenance.

h)

EQuIPMENT With a specified power supply or battery charger

Instructions for use shall identify power supplies or battery chargers necessary to ensure
compliance with the requirements of this Standard.

f) Environmental protection
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Instructions for use shall:

6.8.3 Tech

— identify any risks associated with the disposal of waste products, residues,
the equipment and accessories at the end of their useful lives;

— provide advice on minimizing these risks.
*See rationale for 6.8.2

nical description

*, a/\

Th
inc

In @qddition to details required to be included in instructions fer use, the technical desq

sha
EQU

b)

c)

Th
reg
infq

=y /
ocricral

e technical description shall provide all data, which is essential for safe operation.
ude:

— data mentioned in subclause 6.1;

— all characteristics of the equipmenT, including range(s), accuracy, and precisi

displayed values or an indication where they can be found.

Il state whether particular measures or particular cenditions are to be observed fo

IPMENT and bringing eQuiPMENT into use.

Replacement of fuses and other parts
— If the type and rating of fuses utilized in the mains supply circuit external to
PERMANENTLY INSTALLED EQUIPMENT, iSOt apparent from the information concernin
current and mode of operation, of equipmenT, the required type and rating of fu

be indicated in at least the(technical description.

— The technical description shall contain instructions for replacement of interd
and/or detachable parts which are subject to deterioration during NORMAL USE.

Circuit diagramsy( component part lists, etc.
e technical description shall contain a statement that the supplier will make availah

uest circtit-diagrams, component part lists, descriptions, calibration instructions, o
rmation.which will assist the user's appropriately qualified technical personnel to r

parlts af equipment which are designated by the manufacturer as repairable.

etc. and of

This shall

on of the

ription
I installing

) RATED
ses shall

hangeable

le on

- other
bpair those

d)

Environmental conditions for transport and storage

The technical description shall contain a specification of the permissible environmental
conditions for transport and storage which shall be repeated on the outside of the packaging of

the

EQuIPMENT (See Sub-clause 6.1 v)).

*See rationale for 6.8.3

6.8.4 Not used.
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6.8.5 Not used.

Compliance with the requirements of Sub-clause 6.8 is checked by inspection of the aAccompanyinG

DOCUMENTS.

7 Power input

7.1 The steady state current or power input of eQuiPMENT at RATED voltage, steady state operating
temperature, and at operational settings specified by the manufacturer shall not exceed the marked rating
as required by Sub-clause 6.1j) by more than:

a)

b)

Complianc

bl =
a s

Cul
AC(

Me

— A
an
the
of

-1
at

foregurmENTwith—apower-nput mainty caused-by-etectric-motordrive(s):
+25% for a ratep input power up to and including 100 W or 100 VA,
+15% for a ratep input power over 100 W or 100 VA;

for other equiPMENT:
+15% for a raTED INPUt pOwer up to and including 100, W er 100 VA,
+10% for a ratep input power over 100 W or 100 VA.

b with the requirements of Sub-clause 7.1 is checked by inspection and by the follq

ouiPvENT Shall be operated as specified in the“instructions for use until the input ha
table value.

frent or power input shall be measuredand compared with markings or the conter
OMPANYING DOCUMENTS.

asured values shall not exceéd the limits required in this clause.

for eouipMeENT marked with-One or more raTep Voltage ranges the test is made at bo
l lower limits of the fanges, unless the marking of ratep input is related to the mea
relevant voltage(range, in which case the test is made at a voltage equal to the n
hat range.

(he steady/state current shall be measured with a true r.m.s. reading instrument, fq
hermal.jnstrument.

bwing tests:

s reached

ts of the

th upper

n value of
hean value

br example,

Po

wepinput, if expressed in voltamperes, shall either be measured with a voltampere

meter or

be determined as the product of the steady state current (measured as described above) and
the supply voltage.

7.2 Not used.
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SECTION TWO — ENVIRONMENTAL CONDITIONS

Note — This Section replaces the former Section Two:

"Safety requirements, " of the first edition.

8 *Basic safety categories

The content of Clause 8 of the first edition has now been transferred to Appendix Al.1.

9 Removable protective means

Not used. Replaced by Sub-clause 6.1z).

10 Environ
The former
10.1 Trans

EQUIPMENT S
conditions

10.2 Oper.

EQUIPMENT S
least favou

10.2.1 *En
a)
b)
c)
d)

mental conditions

port and storage

hall be capable, while packed for transport and storage, of beiag exposed to en
hs stated by the manufacturer (see 6.8.3 d)).

htion

hall comply with all the requirements of this Stan@lard when operated in NorRMAL us
rable combination of the following conditions:

vironment (see also 4.5)

[An ambient temperature range of +10°C to +40°C.

A relative humidity range of 30%to 75%.

An atmospheric pressurg-rahge of 700 hPa to 1 060 hPa.

A temperature of thé&water at the inlet of water-cooled equipmenT not higher than 2

*See rationale for 10.2.1

title of this clause "Special environmental conditions” and the corresponding text afe not used.

/ironmental

 under the

6°C.
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10.2.2 *Power supply
*a) equipvenT shall be suitable for a power supply having:
— a RrATED Voltage not exceeding:
e 250 V for HAND-HELD EQUIPMENT;

* 250 V d.c. or single-phase a.c. or 500 V polyphase a.c. for equipmenT with a
RATED apparent power input of up to 4 kVA;

hd SGG ‘V’ fUI a” Ut: ITT EQUIFMENT,
— a sufficiently low internal impedance (as may be required by a Particilar'Standard);
— voltage fluctuation not exceeding £10% of the nominaAL Voltage except momentary
fluctuations exceeding -10% and of a duration of less than 1 s,for example those
occurring at irregular intervals caused by operation of X-ray @énerators or sinilar

EQUIPMENT;

— no voltage in excess of the nominaL value +10% between any of the conducfors of the
system or between any of these conductors and earth;

— voltages which are practically sinusoidal afd forming a practically symmetrical supply
system in case of polyphase supply;

— a frequency of not more than 1 kHz;

— a frequency which deviates .not"-more than 1 Hz from the nominaL value up tp 100 Hz
and not more than 1% from the' nominaL value from 100 Hz to 1 kHz;

— the protective measurés as described in IEC Publication 364.
b) |JAn INTERNAL ELECTRICAL POWER SOURCE, if replaceable, shall be specified by the manufpcturer.
Compliance with the conditions of 10.2 is checked by application of the tests of this $tandard.
*See rationale for 10.2.2
102.2DW\DR Moadification of item a) in 10.2.2:
Reptace "500 V" with "600 V" in both locations in the text associated with the first dgsh. In

the text of the last dash of this sub-clause, add "and the National Electrical Code,
ANSI/NFPA 70" after the reference to "IEC Publication 364 ".

*See rationale for 10.2.2DV

11 Not used.

12 Not used.

Transferred to Sub-clause 3.6.
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SECTION THREE — PROTECTION AGAINST ELECTRIC SHOCK HAZARDS

13 General

equipmenT shall be so designed that the risk of electric shock in norMAL use and in SINGLE FAULT CONDITION IS
obviated as far as practicable.

Compliance is considered to be fulfilled if eouirmEnT meets the relevant requirements of this section.

14 Requirements related to classification

A4

DAL F /H+ b e 4L (WH ) ol H
14IJV U vioumnmieatiorr ur L4 Uy auadirty e TUnowirly.

All

14.1 ciLass

a)

opérating at SAFETY EXTRA-LOW VOLTAGE OF ACCESSIBLE PARTS protécted by protective imped

cay
to 1

*b)

external d.c. power source is accomplished by Basic iNsuLATION Only, a separate PROTEG

CON

14.2 crass

a)

FIXED EQUIPMENT and PERMANENTLY INSTALLED EQUIPMENT Shall be cLass | EQuiPMENT
*See rationale for 14DV

| EQUIPMENT

es where conductive parts of an electrical circuit have to-be accessible to enable
unction.

If the isolation of the mains PART from AccessiBLEMETAL PARTS Of EQuipmENT Specified f
pucTtor shall be provided.
*See.rationale for 14.1
Il EQUIPMENT
cLass 11 EQuIPMENT Shall beene of the following types:
1) insulation-enelosed cLAss Il EQUIPMENT:
eQuipmeNT having a durable and substantially continuous encLosure of insulatin
whichenvelops all conductive parts with the exception of small parts, such as
platés;-screws and rivets, which are isolated from Live parts by insulation at g

equivalent to ReiINFORCED INSULATION. The encLosure of insulation-enclosed cLass
may form a part or the whole of the suPPLEMENTARY INSULATION;

CLASS | EQUIPMENT May have parts with DOUBLE INSULATION OF REINE®RCED INSULATION OF Pa@rts

ance in
FQUIPMENT

pDr an
TIVE EARTH

g material
5 name-
ast

Il EQUIPMENT

2) metal-enclosed cLAss Il EQUIPMENT:

EQUIPMENT having a substantially continuous conductive encLosure in which pousLe
INSULATION IS used throughout the mains PARTs (except for those parts where REINFORCED

INSULATION IS used, because the application of bousLE INsuLATION iS manifestly
impracticable);

3) equipmenT which is a combination of types 1) and 2) above.

b) If equipmenT is fitted with a device for changing over from Class | to Class Il protection, all of
the following requirements shall be fulfilled:
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— the change-over device shall clearly indicate the selected Class;

— for change-over the use of a TooL shall be necessary;

— the equipmenT shall comply with the whole range of requirements for the Class

selected at any given time;

— in the Class Il position the device shall interrupt the connection of the proTE

CTIVE EARTH

CONDUCTOR t0O EQUIPMENT OF change it int0 @ FUNCTIONAL EARTH CONDUCTOR, complying with the

requirements of Clause 18.

fa !
AT O e T ONRC TIONAT EARTHCONDUCTOR—OCC—81]

0 Sub-

c)
clad

14.3 Not u
14.4 ciass

a)
acq

b)
usq
mal
14.5 InTER
a)
*b)
wit
reqg

14.6 *T1vpPES
a)
b)

c)

b HP PR I I
TS S QUM ERT T Oy o e P T OV G e O Wt T O FONCTIONAT EART TRV

ses 18k) and ).
Sed.

1 and cLAss I EQUIPMENT

ording to the requirements of cLass 1 or cLass 11 EQuipvMENT (See Eigures 2 and 3).

In equipmenT specified for power supply from an external dyc. power source (for ex
in ambulances), no sareTy HazArRD shall develop whef<¢a connection with the wrong

de.

JALLY POWERED EQUIPMENT

Not used.

INTERNALLY POWERED EQUIPMENT havingna means of connection to a suppLy mains shall
N the requirements for cLass 1 orciass 11 EQuipMeENT While so connected, and with the
uirements for INTERNALLY POWERED“EQUIPMENT While not so connected.

*See rationale for 14.5

B, BF and CF APPLIED\PARTS

Not used.

Not uséd)

hePLED PARTS Which are specified in the accompanyiNG DocuMENTs as suitable for pired

In addition to sasic insuLATION, EQuUIPMENT Shall be provided with an-additional protection

mple, for
polarity is

comply

T CARDIAC

AP

d)

14.7 Not u

laall o
ICATION STiall VT TYFE CF.

Not used.

*See rationale for 14.6

sed.

Compliance with the requirements of Clause 14 is checked by inspection and relevant tests.
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15 Limitation of voltage and/or energy

a)

Not used.

b) equipmenT intended to be connected to the suppLy mains by means of a plug shall be so
designed that 1 s after disconnection of the plug the voltage between the supply pins of the
plug and between either supply pin and the encLosure does not exceed 60 V.

Compliance is checked by the following test:

EQUIPMENT IS operated at rRaTeD Voltage or at the upper limit of the raTep voltage range.

EQU
SWj

Th
15
tes
Th
Th

Th

capacitors are used with a capacitance between each line and earth of less than 3 0

RAT
V.

Th
or

c)

eoUiPmenT has been de-energized and access covers as present in NormAL use have be

reri
va

If automatig
aTooL, ad
and/or the

Complianc

iPMENT IS disconnected from the suppLy mains by means of the plug with the eourME
tch in the "On" or " Off' position whichever is least favourable.

b voltage between the pins of the plug and between either pin and the,encLosurE IS
after disconnection with an instrument the internal impedance of which does not §
(.
b measured voltages shall not exceed 60 V.

p test shall be performed ten times.

p test between lines and encLosure shall not be pérformed if interference suppress
o voltages up to and including 250 V or 5 000-pF for raTep voltages up to and ind
b fest between lines shall not be performed if interference suppression capacitors
bqual to 0,1 uF are connected between them.

L IvE parts of capacitors or ciréuit parts connected to them, which become accessib

hoved immediately thereafter, shall not have a residual voltage exceeding 60 V, of
Lie is exceeded, shalfnot have a residual energy exceeding 2 mJ.

T mains

measured
hffect the

on
DO pF for
luding 125

ess than

e after
en
| if this

discharging is.not reasonably possible and access covers can be removed only with the aid of

pvice whicheishincluded and which permits manual discharging is acceptable. The
connectedccircuitry shall then be marked.

b js.checked by the following test:

capacitor(s)

EQuUIPMENT IS operated at raTep voltage and then de-energized. Any Access covers as at present in NORMAL
use are removed as quickly as normally possible. Immediately thereafter, the residual voltage on any
accessible capacitors or circuit parts shall be measured and the retained energy calculated. If a
non-automatic discharging device is specified by the manufacturer, its inclusion and marking shall be
ascertained by inspection.

16 *EncLOSURES and PROTECTIVE COVERS

*See rationale for 16
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a) equipMenT shall be so constructed and enclosed that there is protection against contact with
LIVE parts, and with parts which can become LIVE in SINGLE FAULT CONDITIONS.

This requirement applies for all positions of equipment when it is operated as in NORMAL USE, even
after opening of lids and doors and removal of parts without the use of a TooL or according to
the instructions for use.

During the insertion or removal of lamps, protection against contact with Live parts of the lamp
shall be ensured if the replacement of the lamp is possible without the use of a TooL.

This requirement shall be applied taking into account that:

1) It does not apply to uive parts of electrodes in general in the appLIED PARTO] EQUIPMENT,
in so far as they are necessarily connected directly or indirectly to the body of the
PATIENT dUring NORMAL USE.

2) Varnishing, enamelling, oxidation and similar protective finishes, as well ag covering
with sealing compounds which may replasticize at temperatdres to be expectpd during
operation (including sterilization), shall not be regarded as ‘€ncLosures providing
protection against contact with Live parts.

3) Not used.
4) Not used.

*5) Where the occurrence of a conbucTIVE CoNNECTION, either directly or througp the body
of the operaTOR, between a part accessible without the use of a TooL and a pafrienT is

impossible in NormAL UsE, such a part'may assume, in case of a fault in its sagic
INSULATION, & Voltage to earth notexceeding 25 V a.c. or 60 V d.c.

Instructions for use shall instruct the operator not to touch such a part and thie paTienT
simultaneously.

Compliance with the requirements of Sub-clause 16a) is checked by inspection and fy a test
with the standard test fingér shown in Figure 7, applied in a bent or straight position. |In addition
opénings in equiPMENT,\Other than those giving access to vive parts in plugs, connectols and
sogket outlets, aré_tested with the test pin shown in Figure 8.

The standard‘test finger and the test pin are applied without appreciable force in evely possible
position, except that eouipvent intended to be used on the floor and having a mass infany
opérational condition exceeding 40 kg shall not be tilted. eouipment which, according tp the
tedhinical description, is intended for mounting into a cabinet, shall be tested in its fingl mounting
position.

Openings preventing the entry of the standard test finger of Figure 7 shall be mechanically
tested by means of a straight unjointed test finger of the same dimensions, which shall be
applied with a force of 30 N. If this finger enters, the test with the standard test finger of Figure
7 shall be repeated, the finger being pushed through the opening if necessary.

It shall not be possible to touch with the standard test finger or the test pin sasic iNnsuLATION, bare
LIVE parts or Live parts protected only by lacquer, enamel, ordinary paper, cotton, oxide film,
beads or sealing compound, or parts not proTecTiveLy EARTHED and separated from the mains PART
by Basic insuLATiON OnNly.
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For signalling contact with Live parts, the use of a lamp and a test voltage of at least 40 V is
recommended.

EquiPMENT Openings shall be mechanically tested by means of the test-hook (see Figure 9), if the
hook can be inserted.

The test-hook is inserted in all openings in question and is subsequently pulled with a force of
20 N for 10 s and in a direction substantially perpendicular to the surface in which the relevant
opening is present. No Live parts shall become accessible and the creepace pisTance and AR

CLEARANCES Of Live parts shall not be reduced below the values as specified in Sub-clause 57.10.
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Compliance is checked using the standard test finger and by inspection.

b) Any opening in a top cover of an encLosure shall be so positioned or dimensioned that
accessibility of Live parts by means of a freely and vertically suspended test rod with a diameter
of 4 mm and a length of 100 mm, penetrating up to its length, is prevented.

Compliance is checked in normAL use by inserting through the holes a metal test rod with a
diameter of 4 mm and a length of 100 mm. The test rod is suspended freely and vertically, the
penetration being limited to its length. The test rod shall not become vive and shall not touch
BASIC INSULATION OF any parts not proTecTivELY EARTHED and separated from the mains PART by Basic
INSULATION Ohly.

*C)
the

Th
iso
ex(
the

Co
no

comfirmed by inspection.

*d)
d.c
thal
mal
exa
sef

Co
ne

*e)
arT

Conductive parts of actuating mechanisms of electrical controls which are aceeSs
removal of handles, knobs, levers and the like shall either:

— have a resistance of not more than 0,2 Q to the PROTECTIVE EARTH TERMINAL Of
eQuiPMENT When measured with a test voltage of not more than.50,V a.c. oper
and a test current not less than 1 A, or

— shall be separated from vive parts by one of the means\described in Sub-cl

b requirements of this sub-clause do not apply to controls-in secondary circuits wh
ated from the mains pART by at least Basic INsuLaTiON @ndh having rRaTED circuit voltage

like may be isolated from parts of the circuit by~sasic insuLATiONn ONly.

mpliance is checked by calculation of thes€sistance from current and voltage drog
exceed the required value. Alternatively,“the presence of adequate separation sh

Parts within the encLosure of eduipvenT with a circuit voltage exceeding 25 V a.c.
which cannot be disconnected from the supply by an external mains switch or a
t is accessible at all times\(for example, in circuits for room lighting, remote contro
n switch etc.) shall be pretected against contact even after opening of the encLosy
imple, for the purpoSe, of maintenance) by additional coverings or, in the case of g
arated arrangement, shall be marked clearly as "uLive".

mpliance isschecked by inspection of the required covers or warning notice (if pres
bessary, by-application of the standard test finger of Figure 7.

ENCLOSURES protecting against contact with Live parts shall be removable only with

ible after

the
circuit
huse 17g).

ch are
s not

eeding 25 V a.c. or up to and including 60 V d.cf@r peak value. In these cases shafts and

. It shall
hll be

br 60 V

blug device
of the

Re (for
spatially

ent) and, if

the aid of

boL_or, alternatively, an automatic device shall make these parts not Live, when the

ENCLOSURE

is opened or removed.

Excluded are:

1) encLosuRres Or EQUIPMENT parts removable without the use of a TooL and allowing the

OPERATOR iN NORMAL USE t0 have access to Live parts operating at a voltage not

exceeding

25 V a.c. or 60 V d.c. or peak value supplied from a source which is separated from the

suppLY MAINS by one of the methods described in Sub-clauses 17g) 1) to 5).

Examples which are applicable are:
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f)

— covers of illuminated push-buttons;
— covers of indicator lamps;

— covers over recorder pens;

— plug-in modules;

— covers of battery compartments.

2) Lampholders allowing access to Live parts after removal of the lamp.

In such a case instructions for use shall instruct the operaTor not to touch-sugh a part
and the patient simultaneously.

Compliance is checked by inspection and:

— by measurement of the effectiveness of an automatie’switching off pr
discharging device;

— by measurement of the voltage of Live parts accessible with the stapdard test
finger of Figure 7.

Dpenings for the adjustment of pre-set controls which may be adjusted by the useq in NORMAL

usH by using a TooL shall be so designed that the TeoL used for adjustment is not ablg to touch

ins|de the opening BAsIC INSULATION OF any LIVE parts’or parts not PROTECTIVELY EARTHED amd
separated from the mains PART by Basic insuLaTi@f’oNly.

Compliance is checked by inspection and*by insertion through the opening of a metal test rod

wi
Wi

= =

g)

17 *Separation

(Previous tftle: Insulation and protective impedances)

a)

th a diameter of 4 mm and a length:\of 100 mm, in every possible position, in case |of doubt
th a force of 10 N. The rod shall‘not contact sasic INSULATION OF any Live parts or parts not
PRATECTIVELY EARTHED and separated from the mains PART by BAsic INsULATION Only.

Not used.

*See rationale for 17

ArpUIED PARTS Shall be electrically separated from Live parts of EQuUIPMENT in NORMAL cgnpiTion and

in SINGLE FAULT coNDITiION (See Sub-clause 3.6), in such a way that allowable Leakace
curRrRenTs (see Clause 19) are not exceeded.

This requirement may be fulfilled by one of the following methods:

1) The appLiED PART iS Separated from uive parts by easic insuLation only, but proTecTIVELY EARTHED and the appLiED
pART has such a low internal impedance to earth that Leakace currenTs do not exceed the allowable values in
NORMAL CONDITION @nd SINGLE FAULT CONDITION.

2) The apprLiED PART IS Separated from ive parts by a protecTiveLy EarTHED Metal part, which may be a fully
enclosing metal screen.
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3) The appLED PART iS NOt PROTECTIVELY EARTHED but is separated from uive parts by an intermediate proTecTIVELY

EARTHED Circuit which, in the event of any insulation failure, cannot produce a Leakace currenT to th
exceeding the allowable value.

4) The appLiED PART IS separated from Live parts by pousLE OF REINFORCED INSULATION.

€ APPLIED PART

5) Impedances of components prevent the flow to the appLiED PART Of @ PATIENT LEAKAGE CURRENT @nd PATIENT

AUXILIARY CURRENT exceeding the allowable values.

Compliance with Sub-clause 17a) is checked by inspection and measurement.

If the crReerAGE DISTANCE and/or AR cLEARANCE between the appLiep PART and Live parts does not

col
Sha

Th
cla

If i
an

sefaration under sINGLE FAULT CONDITION, the PATIENT LEAKAGE CURRENT-ANd the PATIENT AuUXI
renT Shall be measured after short-circuiting of the insulation” between Live parts and the

CUR
APF
bel

Trg
dis|
ex(

Ad
LEA|
ins
APH
bet

In

simulate a break-down“of the critical junction, one at a time, to establish that the allo

LEA
b)

c)

PRQ

I ) H - o] LZa.0) ) LL
TPy VWILTT Uric TCYUIrcrTicTiio Ul ouu=Liauot J7. LU, SULIT CREEFAGE DISTANCE Ariu/ur AIK

1/l be short-circuited.

P PATIENT LEAKAGE CURRENT and the pATIENT AUXILIARY CURRENT are measured as describ
[ise 19.4 and shall not exceed the limits for normAL conpiTion given in Table V.

ispection of the appLiED PART in Item 1) and of the proTECTIVELY EARTHED metal part in|
] of the intermediate circuit in Item 3) gives rise to doubts concerning the effective

ED PART (item 17 a) 1) above), between vive parts and the’ metal part (item 17 a) 2
ween Live parts and the intermediate circuit (item 17°a) 3) above).

nsient currents occurring during the first 50 ms:following the short-circuit shall be
regarded. After 50 ms, the pATIENT LEAKAGE CURRENT and the PATIENT AUXILIARY CURRENT
teed the allowable value for sINGLE FAULT GONBITION.

Hitionally equipmvENT @nd/or its circuits @re examined to determine whether the limita
AGE CURRENTS and/or pATIENT AUXILIARY ‘CURRENT tO the prescribed values is dependen
Llating properties of junctions in\semiconductor devices which are interposed betw
L iED PART @and the mains PART, the appLieD PART and other rive parts and for F-Type appL
ween the appLiED PART and-earthed parts.

he event that such_Semiconductor devices are so identified, they shall be short-cin
AGE CURRENTS and PATIENT AUXILIARY CURRENT fOI' SINGLE FAULT CONDITION a@re not exceeds

Not used:

AN -apPLIED PART Shall have no conbucTIVE CONNECTION tO ACCESSIBLE METAL PARTS Which
TECTIVELY EARTHED.

CLEARANCE

ed in Sub-

Item 2)
hess of the
| IARY

above) or

shall not

tion of

t on the
een the
IED PARTS

cuited to
vable
Jol

are not

Compliance is checked by inspection and the Leakace currenT test of Sub-clause 19.4.

d) Hand-held flexible shafts of cLass 1 equipmenT shall be isolated from the motor shaft by
SUPPLEMENTARY INSULATION.

ACCESSIBLE METAL PARTs driven by an electric motor of Class | protection and which during NnormAL
use are likely to come into direct contact with an oreraTor Or paTiENT, and which cannot be
PROTECTIVELY EARTHED, Shall be isolated from the motor shaft by at least supPLEMENTARY INSULATION
capable of withstanding the dielectric strength test appropriate to the ratep voltage of the motor
and having adequate mechanical strength.
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Compliance is checked by inspection and test of the insulation between hand-held flexible
shafts and/or driven accessiBLE METAL PARTS Of cLass | EouiPMENT @nd the motor shafts. The test
specified for suppLEMENTARY INSULATION (See Sub-clause 20.4) shall be applied.

Compliance with the requirements for crREEPAGE DISTANCES and AiR cLEARANCES IS checked
additionally (see Sub-clause 57.10).

e) Not used.

f) Not used.

g) ACCESSIBLE PARTS 110t 'ucillg ST APPTED PART-Shatt e c:c\il;ba“y Sepat ated-from e rts of
EQUIPMENT iN NORMAL conDITION and in SINGLE FAULT conpiTioN (See Sub-clause 3.6) in such| a way that
allgwable Leakace currenTs are not exceeded (see Clause 19).

Thig requirement may be fulfilled by one of the following methods:
1) The accessiBLE PART is separated from uLive parts by sasic insuLATioN only, but BROTECTIVELY EARTHED

2) The accessiBLE PART iS separated from vive parts by a protecTiveLy eartHED Metal part, which may be a fully
enclosing conductive screen.

3) The accessiBLE PART IS NOt PROTECTIVELY EARTHED but is separated from Live parts by an intermedigte proTECTIVELY
EARTHED Circuit which in the event of any insulation failure ganrnot produce an ENCLOSURE LEAKAGE CURRENT
exceeding the allowable value.

4) The AccessiBLE PART is separated from Live parts*y-OoUBLE OF REINFORCED INSULATION.

5) Impedances of components prevent the flow to the accessiBLE PART Of an ENCLOSURE LEAKAGE CURRENT
exceeding the allowable value.

Compliance is checked by inspection of the required separation in order to find out where an
insplation failure might cause a sARETY HAZARD.

If the crReePAGE DISTANCE and/ol~air cLEARANCE between an AccessiBLE PART and Live parts does not
commply with the requirements of Sub-clause 57.10, such crREEPAGE DISTANCE and/or AIR ELEARANCE
shall be short-circuited.

The encrLosure LeakaGE cURRENT Shall subsequently be measured as described in Sub-¢lause 19.4
angl shall not-éxceed the limits for normAL conpiTion given in Table IV.

If imspection of the proTeCTIVELY EARTHED metal part in item 17 g) 2) or of the intermedigte circuit
in ften 17 g) 3) gives rise to doubt concerning the effectiveness of the separation unfler sincLe
FAULT conpiTiON the Enciosure 1 EAKAGE curreNT Shall be measured by short-circuiting thd insulation
between Live parts and the metal part (item 17 g) 2) above) or between Live parts and the
intermediate circuit (item 17 g) 3) above).

Transient currents occurring during the first 50 ms following the application of the short-circuit
shall be disregarded.

After 50 ms, the encLosure LEakaGE cURRENT Shall not exceed the allowable value for sincLE FAULT
CONDITION.
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Additionally eouirment and/or its circuits shall be examined to determine if the limitation of
LEAKAGE CURRENTS and/or PATIENT AUXILIARY CURRENTS to the prescribed values is dependent on the
insulating properties of junctions in semiconductor devices which are interposed between the

ACCESSIBLE PART and LIvE parts.

In the event that such semiconductor devices are so identified, they shall be short-circuited to
simulate a break-down of the critical junction, one at a time, to establish that the allowable
LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS fOI SINGLE FAULT CONDITION are not exceeded.

*h) Arrangements used to isolate periBRILLATION-PROOF APPLIED PARTS from other parts shall be so

designed that:

PROOF APPLIED PART, hazardous electrical energies do not appear on:

® any SIGNAL INPUT PART,

® any SIGNAL OUTPUT PART,

least equal to the base of the equiPmeNT;

function as described in the aAccompAnYING DOCUMENTS.

Compliance is checked by the following-impulse voltage tests:

from earth;

PATIENT CONNECTIONS being connected to earth.

NOTE&The differential-mode test is not used when the APPLIED PART CONSists of a single

Duying.each test:

* the encLosureg, including the outer surfaces of accessible leads and

— after exposure to the defibrillation voltage;.the equipmenT, after any necessa
recovery stated in the accompanying DocumENTs, shall continue to perform its in

— (Common-mode test) ThedeouipmenT is connected to the test circuit shown i

The test voltage is applied to all the paTiEnT connecTions connected together a

— (Differential-made test) The eouiPmeNT IS connected to the test circuit shown
51. The test voltage is applied to each patient connection in turn with all the ré

PATI

— during a discharge of a cardiac defibrillator to a paTiENnT coOnnected to a pefiBRILLATION-

Connectors,

» metal foil for test on which the equipvens is-placed and which has an area at

y time of
ended

h figure 50.

nd isolated

in figure
bmaining

ENT CONNECTION.

— the PROTECTIVE EARTH CONDUCTOR Of CLASS | EQUIPMENT IS connected to earth. cLass i
equiPmeNT Which is capable of operation without a suppLy mAINS, €.g. having an internal

battery, is tested again without the protective earth connection;

— the eouipmenT shall not be energized;

— Insulating surfaces of appLiED PARTs are covered with metal foil or immersed in a saline

solution as specified in 19.4 h) 9);
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— any connection to a FUNCTIONAL EARTH TERMINAL IS removed; where a part is internally
connected to earth for functional purposes, either such a connection shall be
considered a protective earth connection and shall comply with the requirements of
clause 18, or it shall be removed for the purpose of the present text;

— parts specified in the first dash of this subclause that are not PROTECTIVELY EARTHED are
connected to an oscilloscope.

After the operation of S, the peak voltage between the points Y1 and Y2 shall not exceed 1 V.

Each test is repeated with V't reversed.

Afr/kr any necessary time of recovery, stated in the accompanyiNG bocUMENTS, the eeuipMenT shall
coftinue to perform its intended function as described in the accompPANYING DOCUMENTS.

18 Protect|ve earthing, functional earthing and potential equalization
*See rationale for 18

*a)| AccessiBLE PARTS Of cLAss | EQuIPMENT Separated from Live parts. by sasic insuLaTion shiall be
connected by sufficiently low impedance to the proTECTIVE EARTH TERMINAL. See also Sub-clause

17g).

Compliance is checked by inspection and the tests 6f Sub-clauses 18f) and 18g).
b) [The proTECTIVE EARTH TERMINAL Shall be suitableésfor connection to the protective congluctor in
the| installation either by a pPrRoTECTIVE EARTH CcQNDUCTOR in @ POWER suppLY corp and, whefe
appropriate, by a suitable plug, or by a fixedvand permanently installed proTeCTIVE EARTH
coNpucTor. For constructional requirements for the earth connection see Clause 58.
Compliance is checked by inspection (see Sub-clause 18f)).

c) [Not used.

d) [Not used.

e) |If equipmenT is provided with a means for the connection of a POTENTIAL EQUALIZATION ONDUCTOR
thig connection.shall comply with the following requirements:

—be’readily accessible;

— accidental disconnection is prevented in NORMAL USE;

— the conductor can be detached without the use of a TooL;

— the power suppLY corp shall not incorporate a POTENTIAL EQUALIZATION CONDUCTOR,;

— the connection means shall be marked with Symbol 9, Table DI.
Compliance is checked by inspection.

f) For equipmenT without a power suppLy corp the impedance between the PROTECTIVE EARTH
TERMINAL and any AccessiBLE METAL PART Which is proTECTIVELY EARTHED Shall not exceed 0,1 Q.
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For equipmeNnT with an appLiance INLET the impedance between the protective earth contact in the
APPLIANCE INLET and any AccessiBLE METAL PART Which is proTecTIVELY EARTHED Shall not exceed 0,1 Q.

For equipmENT With @ noNn-beETACHABLE POWER SuPPLY corp the impedance between the protective
earth pin in the mains pLuc and any accessiBLe METAL PART Which is proTECTIVELY EARTHED Shall not
exceed 0,2 Q.

Compliance is checked by the following test:

A current of 25 A or 1,5 times the ratep current of the eouipment, whichever is greater (x10%),
from current source with a frequency of 50 Hz or 60 Hz with a no-load voltage not exceeding 6

Vi
in
wh

Th
the

*9)
18
fail
su(q
is 1

Co
SIN

h)
Dl
k)

Co

[) If cLass i eQuipveng With isolated internal screens is supplied with a Power suppLY cor

thr
PLU

yel

Th

s-passet-for-5-sto—t0-sthrotghrtheProTECTIVE EARTR TERMINAT OT-the-protectiveeart

he appLIANCE INLET OF the protective earth pin in the mains pLuc and each aAccessiBrEM
ich could become wive in case of failure in Basic INSULATION.

b voltage drop between the parts described is measured and the impedance deter

current and voltage drop. It shall not exceed the values indicated jr.this sub-clau

is allowed to exceed 0,1 Q if the continuous fault current t6.an ACCESSIBLE PART in
Lire in sasic INsuLATioN Of such a part or of a component connected to such a part is
h an extent that the allowable value of the ENCLOSURE KEAKAGE CURRENT iN SINGLE FAUL
ot exceeded.

mpliance is checked by inspection and measureiment of the ENCLOSURE LEAKAGE CURR
5LE FAULT CONDITION. See also Sub-clause 17g).

Not used.

Not used.

FUNCTIONAL EARTH TERMINALS Shall-not be used to provide protective earthing.
mpliance is checked by ‘inspection.

be conductors, (the third conductor (connected to the protective earth contact of the
) shall be used only as functional earth for these screens and shall be coloured g

ow.

b insulation of such internal screens and all internal wiring connected to them shal

INSLIJLATION Ol REINFORCED INSULATION.

N contact
ETAL PART

mined from
se.

The impedance of protective earth connections other than thosé@described in Sub-clause

case of
limited to
I CONDITION

ENT IN &

p having
MAINS
reen and

be pousLE

In such case the FuncTionAL EARTH TERMINAL Of Such equipmenT shall be marked so as to distinguish
it from a proTeCTIVE EARTH TERMINAL @nd additionally there shall be an explanation in the
ACCOMPANYING DOCUMENTS.

Compliance is checked by inspection and measurement. The insulation shall be tested as
described in Clause 20.
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18DV D2 Modification of 18 by adding the following items:

m) All parts of X-ray EequipmeNT Operating at over 600 V ac, 850 V dc, or 850 V peak
shall be enclosed within  proTECTIVELY EARTHED (grounded) EencLosures. The
connections from the high-voltage  equipmenT to X-ray tubes and other high-voltage
components shall be made with high-voltage shielded cables intended for

operation at over 600 V ac, 850 V dc, or 850 V peak.

n) All accessible non-current carrying conductive parts, likely to become
energized, of X-ray and associated EequirmenT (controls, tables, transformer tanks,
shields of shielded cables, tube heads and supports, etc.) shall be PROTECTIVELY

19 Continy
19.1 Gene

a)
tha

b)

the
foll

Th

c)
this

EAKTHED (gluunu‘cd) ;II Cl.b\.,UIUIaI 1ILT VV;tiI C:GUDU 18
*See rationale for 18DV
OUS LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS
ral requirements

The electrical insulation providing protection against electric'shock shall be of such quality
t currents flowing through it are limited to the specified values.

The specified values of the continuous EARTH LEAKAGE €URRENT, the ENCLOSURE LEAKAGE CURRENT,
PATIENT LEAKAGE CURRENT and the pATIENT AuxiLIARY cGRRENT apply in any combination ¢f the

bwing conditions:

— Both at operating temperature andfoHowing the humidity preconditioning treatment,
as described in Sub-clauses 4.10 and 19.4.

— In norMAL conpiTion and in the“specified siNnGLE FAULT conpiTions (Ssee Sub-clayse 19.2).

in the maINS PART in @Ry position.

— With the highest'ratep supply frequency.

— With a supply equal to 110% of the highest RATED MAINS VOLTAGE.
b measuréd-values shall not exceed the allowable values given in Sub-clause 19.3.

EQuiPMENT specified for connection to a seLv source can only comply with the requirements of
Standard if such a source complies with this Standard and if the equipmenT, tested in

combination with such a source, complies with the requirements for allowable LEAKAGE CURRENTS.

Such equipvenT and INTERNALLY POWERED EQUIPMENT Shall be investigated for ENcLOSURE LEAKAGE
curreNT but only as far as described in Sub-clause 19.4g) 3).

*d)

The measurement of the encLosuRE LEAKAGE CURRENT Of cLass | EQuipmenT shall only be

performed:

— to earth from each part, if present, of the ENCLOSURE NOt PROTECTIVELY EARTHED;

— between parts, if present, of the ENcLOSURE NOt PROTECTIVELY EARTHED.

— With equipmenT energized in stand-by condition and fully operating and with fany switch
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e) The paTIENT LEAKAGE cURRENT Shall be measured (see Appendix K):
—in TYPE B APPLIED PARTS, from all paTIENT conNECTIONS connected together or with appLIED
pARTs loaded according to the manufacturer’s instructions;
— in TYPE BF APPLIED PARTS, from and to all paTiENT connecTions Of a single function of the
APPLIED PART connected together or with appLiED PARTS loaded according to the
manufacturer’s instructions;
— in TYPE cF APPLIED PARTS, from and to every PATIENT CONNECTION in turn.
If tiremanufactorer-specifresaltermatives—foradetachabtepartof-the=rrreoPrrm—(for example,
paT|lEnT cord and electrodes), the pATIENT LEAKAGE CURRENT measurements shall be madg with the
lealt favourable specified detachable part.
f) The patient auxiLiaRY currenT shall be measured between any single paTienT connecTion and all
othler PATIENT CONNECTIONS connected together.
0) [EQuipmenT with multiple paTienT connecTions shall be investigated t@)ensure that, under NorRMAL
coNDpITIONS, the PATIENT LEAKAGE CURRENT and the paTIENT auxiLiARY CORRENT dO not exceed the
allqwable values while one or more PATIENT CONNECTIONS are:
— disconnected from the paTiEnT; @and
— disconnected from the patient and earthed:
Testing shall be carried out if an examinatiog~0f the equipmenT circuit indicates that thg paTiEnT
LEAKAGE CURRENT Or the PATIENT AUXILIARY CURRENT may increase to excessive levels undef the above
conditions, and actual measurements .should be limited to a representative number o
cotpbinations.
*See rationale for 19.1
19.2 SINGLH FAULT CONDITIONS
*a)| The EARTH LEAKAGE \CURRENT, the ENCLOSURE LEAKAGE CURRENT, the PATIENT LEAKAGE cURRENT and the
PAT|ENT AuxiLIARY cURRENT Shall be measured under the following SINGLE FAULT CONDITIONS:
— thédnterruption of each supply conductor one at a time;
—=the interruption of a proTECTIVE EARTH conbucTor (not applicable in the case ¢f earTH
LEAKAGE CURRENT). Not to be investigated if a fixed and permanently installed pgoTeCTIVE

EARTH CONDUCTOR IS specified,;

— see also Sub-clauses 17a) and 17g).

b) Additionally the paTIENT LEAKAGE cURRENT Shall be measured under the following siNGLE FauLT
CONDITIONS:

— a voltage equal to 110% of the highest raTeD MaINS voLTAGE applied between
any SIGNAL INPUT OI SIGNAL OUTPUT PART.

This requirement shall not apply in the following cases:

earth and
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* The SIGNAL INPUT PART(S) OF SIGNAL OUTPUT PART(S) are designated by the

manufacturer for connection to equipmeNT in situations where a risk of external
voltage does not exist (see IEC 601-1-1).
« for TyPeE B APPLIED PARTS, UNless inspection of the circuits and physical
arrangement shows that a sarFETY HAZARD €Xists;
d for F-TYPE APPLIED PARTS.
— A voltage equal to 110% of the highest ratep maiNs voLTAGE applied between any F-Type
APPLIED PART and earth.
— A voltage equal to 110% of the highest ratep maiNs voLTace applied betweér| earth and
any ACCESSIBLE METAL PARTS NOt PROTECTIVELY EARTHED.
This requirement does not apply:
» for TYPE B APPLIED PARTS, Unless inspection of the circuits and physica
arrangements shows that a sareTy HAZARD eXists;
e fOr F-TYPE APPLIED PARTS.
c) |Additionally, the encLosure Leakace curRreNT shall be measured with a voltage equallto 110%
of fhe highest raTED mMAINS voLTAGE, applied between &arth and any siGNAL INPUT OF SIGNAL OUTPUT
PART.
This requirement is only applied where the sIGNAL INPUT PART(S) OF SIGNAL OUTPUT PART(S) @re

des
vol

19.3 *Alloy

a)
sta
ma

b)
figy
co

ignated by the manufacturer for connection to equipmenT in situations where a risk
age exists (see IEC 601-1-1).

*See rationale for 19.2
able values
The allowable value$s.of the continuous LEAKAGE CURRENTS and PATIENT AUXILIARY CURRH
fed in Table IV forgic. and a.c. and composite waveforms. Unless stated otherwis
y be d.c. or r.m.s.
The allowable values stated in table IV apply to currents flowing through the netw

re 15-and measured as shown in this figure (or by a device measuring the freque
tents of the currents as defined in figure 15).

of external

NTS are
e values

brk of
ncy

Additionally, regardless of waveform and frequency, no Leakace currenT shall exceed 10 mA
r.m.s. iN NORMAL CONDITION or iN SINGLE FAULT CONDITION.

c)
d)

e)

Not used.
Not used.

Not used, but see Notes 3) and 4) of Table IV.
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Table IV
*Allowable values of continuous LEAKAGE and PATIENT AUXILIARY CURRENTS, in milliamperes

Type B Type BF Type CF

Current N.C. S.F.C. N.C. S.F.C. N.C. S.F.C.
EARTH LEAKAGE CURRENT general 0,5 1 0,5 19 0,5 19
EARTH LEAKAGE CURRENT fOr equipmenT according to 2,5 51 2,5 51 2,5 51)
notes 2 and 4
EARTH LEAKAGE CURRENT for equipmenT according to 5 109 5 100 5 109
note 3
ENCLOSURE LEAKAGE CURRENT 0,1 0,5 0,1 0,5 0,1 0,5
PATIENT LEAKAGECORRENT e Spops 6:65 Spops 665 6% 0,05
according to|note 5) a.c. 0,1 0,5 0,1 0,5 0,01 0,05
PATIENT LEAKAGE CURRENT (MAINS VOLTAGE ON the - 5 - - — -
SIGNAL INPUT PART OF SIGNAL OUTPUT PART)
PATIENT LEAKAGE CURRENT (MAINS VOLTAGE ON the - - - 5 - 0,05
APPLIED PART)
PATIENT AUXILIARY CURRENT d.c. 0,01 0,05 0,01 0,05 0,01 0,05
according to|note 5) a.c. 0,1 0,5 0,1 0;5 0,01 0,05

N.C.: NORMAL [CONDITION
S.F.C.: SINGLH FAULT CONDITION
Notes on Taple IV

1) The only gincLe FauLT conpiion for the earTH LEAKAGE cURRENT iS the interruption of one supply conductor at a time (spe Sub-
clause 19.24) and Figure 16).

2) equipmenT fvhich has no proTeECTIVELY EARTHED AcCESsIBLE PARTS and no smeans for the protective earthing of other equigment and
which complies with the requirements for the encLosure Leakace currenT™and for the paTienT Leakace current (if applicable).

Example:
Some compyters with a screened maiNs PART.

3) equirmenT $pecified to be permanently installed with a prROTECTIVE EARTH conpucTor Which is electrically so connected that the
connection cpn only be loosened with the aid of a TooL-and which is so fastened or otherwise so secured mechanicplly at a
specific locafion that it can only be moved after the uSe of a root.

Examples of|such equipment are:

» Major components of an X-ray(installation such as the X-ray generator, the examination or treatment talyle.

 ehuirment with mineral inSulated heaters.

 epuiPmMENT With an earts’LEAKAGE cURReNT higher than stated in Table 1V, first line, which is due to complianfe with
requirements for«adio-interference suppression.

4) mosiLe X-rgy equipment.and mosiLe EQuipveNT With mineral insulation.

5) The maxirnum,values for the a.c. component of the patient Leakace current and of the patient auxiLiary current spegified in table
IV refer to thp.a.c,-only component of the currents.

*See rationale for 19.3
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19.4 Tests

*a)

General

1) The EARTH LEAKAGE CURRENT, the ENCLOSURE LEAKAGE CURRENT, the PATIENT LEAKAGE CURRENT
and the PATIENT AUXILIARY CURRENT are measured:

— after the eouirmvENT has been brought up to operating temperature in
accordance with the requirements of Section Seven, and

— after the humidity preconditioning treatment as described in Sub-clause 4.10.

*b)

The measurements shall be carried out with the eouipment located in an envirpnment

with a temperature approximately equal to t where t is the temperature0f thel humidity
cabinet and a relative humidity between 45% and 65% and shall commence [l h after
the end of the humidity preconditioning treatment.

The measurements which do not energize the eouipvent shallbé made first.

2) equipMENT IS connected to a supply with a voltage eqelal to 110% of the highest raTeD
MAINS VOLTAGE.

3) Three-phase equipment wWhich is also suitable~for single-phase supply is tested as
single-phase eouipmenT with the three sections’ connected in parallel.

4) Where examination of the circuit arrangement and the arrangement of components
and material of equipMENT Shows no passibility of any sarety Hazarp, the number of tests
may be reduced.
5) Not used.
Measuring supply circuits
1) eouirment specified for connection to a suppLy mains which is approximately|at earth
potential on one.side and equipment for which the nature of the power supply fs not
specified, is(connected to a circuit as shown in Figure 10.
2) eouirNeNT specified for connection to a suppLy mains of which the voltages between the
linesand the neutral are approximately equal and in opposition, is connected to a circuit

as\shown in Figure 11.

3) Polyphase or single-phase equipvent, specified for connection to a polyphase (for

example, three-phase) suppLy mains, IS connected to one of the circuits as shown in
Figures 12 and 13.

4) eouirmenT specified for use with a specified Class | single-phase power supply, is
connected to a circuit as shown in Figure 14.

The switch Sg shall be opened and closed in turn during the tests.

However, if the specified power supply has a fixed and permanently installed proTecTivE
EARTH CONDUCTOR, the switch Sg shall be left closed during tests.
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5) eouirmenT specified for use with a specified Class Il single-phase power supply is
connected to a circuit as shown in Figure 14, not using the protective earth connection

Sg.

¢) Connection of the equipmenT to the measuring supply circuit

*d)

1) eouipmENT provided with a power suppLY corbp IS tested using this cord.

2) eouipmenT provided with an appLiance INLET iS tested while connected to the measuring
supply circuit via a bETAcHABLE POWER supPLY corp having a length of 3 m or a length and

type specified by the manufacturer.

Measuring arrangement

Measuring device (MD)

3) EeouipmENT specified to be PERMANENTLY INSTALLED IS tested while connectea\to)
measuring supply circuit via the shortest possible connection.

1) It is recommended to position the measuring supply circuit.and the measy
as far as possible away from unscreened power supply leads and (unless sp
otherwise in the following sub-clauses) to avoid placing\the equiPmENT ON OF n
earthed metal surface.

2) However, external parts of the appLieD PART,dNCIUdING PATIENT COrds (when [
shall be placed on an insulating surface with.a dielectric constant of approxin
(for example, expanded polystyrene) and approximately 200 mm above an e
metal surface.

1) The measuring device shall*load the source of LEAKAGE CURRENT O PATIENT A
CURRENT With a resistive impedance of approximately 1 000 Q for d.c. and a.c
composite waveforms Wwith frequencies up to and including 1 MHz.

2) The evaluation of current or current components according to Sub-clauses
and b) is obtained’automatically if a measuring device according to Figure 15

the

ring circuit
ecified
par a large

present),
pately 1
arthed

UXILIARY

and for

5 19.3a)
ora

similar circuit'with the same frequency characteristic is used. This allows measurement

of the total effect of all frequencies with a single instrument.

If currents or current components with frequencies exceeding 1 kHz and a v4
execeeding 10 mA are likely to occur, these shall be measured by other apprd
means.

lue
priate

3) Not used.

*4) The measuring instrument as shown in Figure 15 shall have an impedance of
approximately 1 MQ or more for frequencies from d.c. up to and including 1 MHz. It
shall indicate the true r.m.s. value of the voltage across the measuring impedance
being d.c. or a.c. or a composite waveform having components with frequencies from
d.c. up to and including 1 MHz, with an indicating error not exceeding +5% of the

indicated value.
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The scale may indicate the current through the measuring device including automatic
evaluation of components with frequencies above 1 kHz so as to enable direct
comparison of the reading with Table IV.

The requirements for percentage-indicating error and for calibration may be limited to
frequency range with an upper limit lower than 1 MHz if it can be proven (for example,
by the use of an oscilloscope) that frequencies above such an upper limit do not occur
in the measured current.

f) Measurement of the EARTH LEAKAGE CURRENT

g) [Measurement of the ENCLOSURE LEAKAGE CURRENT

HcrassTEGUPMENT, Withror-withott-arAPPOED PART, TS testetaccordingtoFroure 16,

using one of the measuring supply circuits of Figures 10, 11, 12 or 13, as-rélevant.

2) eouirment specified for use with a specified Class | single-phase powér supply is
tested according to Figure 17, using the measuring supply circuit,of Figure 14. If the
EQUIPMENT IS PROTECTIVELY EARTHED, the measurement with MD2 shall also be peyformed.

1) cLass 1 EQuiPMENT, With or without an AppLIED PART, IS t€Sted according to Figlire 18,
using one of the measuring supply circuits of Figures 10, 11, 12 or 13, as relpvant.

Measure with MD1 between earth and each‘part of the encLosure which is not
PROTECTIVELY EARTHED.

Measure with MD2 between parts ofthié encLosure Which are not PROTECTIVELY|EARTHED.

2) cLass 11 EQUIPMENT, With or without an appLiEp PART, IS tested according to Figure 18
using one of the measuring stpply circuits of Figures 10, 11, 12 or 13 as relgvant, but
without the protective earth.connection and S.

Measure with MD1, bétween the encLosure and earth or between each part of| the
encLosure if more than one is present.

Measure withh\WID2 between parts of the eEncLosure or between any two encLo$ures if
more than_one is present.

3) Eeurement specified for connection to an seLv-source and INTERNALLY POWEREL) EQUIPMENT
are_tested for EncLosURE LEAKAGE cURRENT flowing between different parts of thel EncLosure
(measuring device applied as MD2 in Figure 18).

4) eouipmenT, With or without an appLiep PART, Specified for use with a specified Class |
single-phase power supply is tested according to Figure 19, using the measuring supply
circuit of Figure 14.

EQuIPMENT, With or without an appLiep PART, Specified for use with a specified Class Il
single-phase power supply shall be tested according to Figure 19 using the measuring
supply circuit of Figure 14, but without the protective earth connection(s) and Sg.

The protective earth connection(s) to equipment and Sg are used only when the equiPMENT
itself is of Class I.
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Test a Class | power supply and/or cLAss 1| EQuiPMENT connected to it, as menti

under "cLass | EQuiPMENT' (See Sub-clause 19.4g) 1)).

Test a Class Il power supply and equipmenTt not being Class |, connected to it,
mentioned under "cLass 11 eQuiPMENT" (See Sub-clause 19.4g) 2)).

5) If eouipmenT has an encrLosure or a part of the encLosure made of insulating

oned

as

material,

metal foil of maximum 20 cm x 10 cm shall be applied in intimate contact with the

ENCLOSURE Of relevant part of the eEncLoSURE.

To achieve this, it may be pressed against the insulating material with a Pressure of

*h)

Fo

Measurement of the PATIENT LEAKAGE CURRENT

[ connections to the AppLIED PART(S) See Sub-clause 19.1e) and Appendix K.

H PO . W W ¥ 2
apUuruAITiatcty U,J IN/UITT .

The metal foil is shifted, if possible, to determine the highest value of théyenc
LEAKAGE CURRENT. Care shall be taken that the metal foil does not touch ahy m
of the encLosure which are possibly proTecTiVELY EARTHED;, however, méetal partd
EncLosURE Which are not proTECTIVELY EARTHED may be covered partly or totally
metal foll.

Where it is intended to measure the ENCLOSURE LEAKAGE GURRENT IN SINGLE FAULT
the metal foil may be arranged to contact the metal part of the encLosuURE.

Where the surface of the encLosure contacted Dy, the PATIENT Or oPERATOR may
than that of a normal hand, the size of the féil Is increased corresponding to
contact.

6) If applicable, the measurements-aceording to Sub-clause 17g) are perforn
addition to those mentioned above.

1) cLass | eouipMENTWIth an AppLIED PART IS tested according to Figure 20, usin
the measuring supply circuits of Figures 10, 11, 12 or 13, as relevant.

2) cLass i\eguipvMENT With an F-TyPe APPLIED PART IS additionally tested according
21, using-one of the measuring supply circuits of Figures 10, 11, 12 or 13, as

stenaL InpuT and sieNaL outpuT PARTS shall, if not already permanently earthed i
EQUIPMENT, be connected to earth.

| OSURE
ptal parts
of the
by the

CONDITION,

be larger
the area of

ned in

) one of

to Figure
relevant.

0 the

The value of the voltage to be set at the transformer T, in Figure 21 shall be
110% of the highest rRaTED mMAINS vOLTAGE Of the EQuiPMENT.

equal to

3) cLass | EQuIPMENT With an AppLIED PART and a SIGNAL INPUT and/Or SIGNAL OUTPUT PART, IS,
when required (see Sub-clause 19.2b)), additionally tested according to Figure 22,
using one of the measuring supply circuits of Figures 10, 11, 12 or 13, as relevant.

The value of the voltage set at the transformer T, shall be equal to 110% of the highest
RATED MAINS VOLTAGE Of the eouipmENT. The siGNaL INPUT @nd SIGNAL oUTPUT PART IS short-
circuited unless a load is prescribed by the manufacturer, in which case the test voltage

is applied in turn to all poles of the siGnaL iNpUT &aNd SIGNAL OUTPUT PART.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003

UL 60601-1

75

4) cLAss 11 EQUIPMENT IS tested as cLAss | EuipMENT mentioned in tests 1) to 3) above, but

disregarding the protective earth connection(s) and S.

The PATIENT LEAKAGE CURRENT Of CLASS Il EQUIPMENT With an r-TypPe APPLIED PART and

an

external voltage on the appLieD PART iS measured with the metal encLosure (if present)

connected to earth.

In the case of cLass 11 EQuiPMENT With an encLosure made of insulating material,

itis

placed in any position of normaL use upon a flat metal surface connected to earth with

dimensions at least equal to the plan-projection of the EncLosURE.

supply, is tested using the measuring supply circuit of Figure 14, but disrega
protective earth connection(s) and Sg if the specified single-phase powérysup
Class Il.

— If eouipvenT itself is of Class |, it is tested as cLass 1 EQUIPMENT menti(
1) above.

— If eouipnvenT itself is of Class I, it is tested as €lass 11 EQUIPMENT Ment
test 4) above.

— If the specified single-phase power supply is of Class | only Sg sha
opened (sinGLE FAULT conpiion) and claséd during the measurement, v
S,, Sz and S;p (when present) aré-closed.

6) INTERNALLY POWERED EQUIPMENT IS tested according to Figure 23.

Where the encLosure is made .of5insulating material, metal foil as described in|
clause 19.4g) 5) shall be applied.

7) INTERNALLY POWERED EQUIPMENT provided with an F-1vPe APPLIED PART iS addition)
according to Figure-24.”The value of the voltage to be set at the transformer
250 V at the supply-frequency (see Sub-clause 19.1b)).

For this test’ aymetal encLosure of equipvenT and the siGnAL iNpuT and SIGNAL ouT]
connected to earth.

An_éncrosure made of insulating material is placed in any position of NorRMAL U
flat.metal surface connected to earth with dimensions at least equal to the pl
projection of the EncLOSURE.

bly is of

bned in test

joned in

| be

hile S;,

Sub-

ally tested
T, shall be

PUT PART IS

se upon a
hn-

8) INTERNALLY POWERED EQUIPMENT provided with an appLiep PART and a siGnaL iNPUT @and/or
SIGNAL oUTPUT PART IS, Iif applicable according to Sub-clause 19.2b), additionally tested

according to Figure 25. The value of the voltage to be set at the transformer
250 V at the supply frequency (see Sub-clause 19.1b)).

T, shall be

For this test equipMENT iS positioned as in NorMAL use as indicated in Sub-clause 19.4d)

or as indicated in Sub-clause 19.4h) 7), whichever is less favourable.

9) An appLIED PART cONSisting of a surface made of insulating material is tested using
metal foil as mentioned under Sub-clause 19.4g) 5). Alternatively a saline solution may

be used in which the appLIED PART iS immersed.
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),

Fo

Where the surface of the appLiED PART intended to contact the patTienT is considerably
larger than that of a foil of 20 cm x 10 cm, the size of the foil is increased to correspond
to the area of contact.

Such foil or saline solution shall be considered as the only patient connecTion for the
APPLIED PART concerned.

10) If loading of the appLiED PART iS Specified by the manufacturer, the measuring device
is connected in turn to all poles of the load (AppLIED PART).

11) If applicable, the measurements according to Sub-clause 17a) are performed in

Measurement of the PATIENT AUXILIARY CURRENT

[ connections to the AppLIED PART(S) See Sub-clause 19.1e) and Appendix K.

Lol P—y) b ()
auurtauort o arosc rricrriiuricu auuve,

1) cLass 1 eouiPMeENT With an appLiED PART IS tested according to~Figure 26, using one of
the relevant measuring supply circuits of Figures 10, 11, 127or 13.

2) cLAss il EQUIPMENT With an AppLIED PART IS tested as €LASs 1 EquipMENT mentiongd above,
but disregarding the protective earth connection(s) and S-.

3) eouirmEnT With an appLiep PART, and specified for use with a specified single-phase

power supply is tested using the measuring supply circuit of Figure 14, but disregarding
the protective earth connection and Sg, if.the specified single-phase power suipply is of
Class II.

If eouipmenT itself is of Class I,.it#s tested as crass 1 eouiPMENT mentioned undey
paragraph 1).

If eouipmenT itself is of Class Il, it is tested as cLass i1 eouiPMENT mentioned under
paragraph 2).

If the specified‘single-phase power supply is of Class |,
—(Sg shall be opened (sincLe FauLT conpiTion) and S;, S, and Sz shall pe closed;

— Additionally Sg shall be closed and S;, S, or S; shall be opened in|turn
(SINGLE FAULT CONDITION).

During the three measurement procedures described above Ss and S;, shalllbe set in

all possible combinations of positions.
4) INTERNALLY POWERED EQUIPMENT IS tested according to Figure 27.

*See rationale for 19.4

19.5DV DR Addition of 19.5DV.1 and 19.5DV.2:

*See rationale for 19.5DV


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003 UL 60601-1 77

19.5DV.1 In addition to the requirements in 19.1 — 19.4, the following requirements apply,
except for X-ray equipmMenT and equipMeNT covered by note 3) on Table IV.

19.5DV.2 The Leakace currents specified in Tables 19.5DV.1 and 19.5DV.2 are not to be
exceeded when the EequipmenT is tested in accordance with Clause 19 except:

a) When the equipmenT is to be connected to the highest  RATED MAINS VOLTAGE D

b) When the notes in Tables 19.5DV.1 and 19.5DV.2 apply.

DMinimum 120 VAC and 240 VAC for equipvent and marked voltage ranges of 105 — 120 VAC and 210 — 240 VAC respectively.

Table 19.5DV.1 DR Addition:

Tiable 19.5DV.1 — PATIENT CARE EQUIPMENT® Maximum LEAKAGE CURRENT (Microamperes)

Earth and encLosure?

CLASS | EQUIPMENTC) CLASS=II EQUIPMENTd)
AC or DC AC or DC
RMS RMS
300 150
(500)® (250)®

2) See 2.12.19DV.
b) Metal encipsure or metal foil over insulating material as per 19.4 (g)(5).
©) Measured [with and without the loss of  proTecTIVE EARTH With the supply conductors normal or reversed.

9 Measured |with supply conductors normal and reversed. When measured with either BASIC OF SUPPLEMENTARY {NSULATION
effectively byjpassed, the allowable  Leakace currenT is twice that\shown.
©) equipment With all surfaces, likely to be contacted by someane i the PATIENT vicINITY (2.12.20DV), constructed ¢f

nonconductije materials may comply with the bottom number (in parentheses) instead of the top one.

When the equiepment is marked or identified in the installation instructions for use on a center-tapped, 240 V, single
phase circui] the Leakace current may be measured from a center-tapped circuit.

Tabple 19.5DV.2 DR Addition!

[able 19.5DV.2 — Nanpatient EQUIPMENT maximum LEAKAGE CURRENT (Mmicroamperes)

Earth and encLosure®

CLASS. | EQUIPMENTb) CLASS 1l EQUIPMENTC)
AC or DC AC or DC
RMS RMS
500 250

) Metal encLpsure or metal foil over insulating material as per 19.4 (g)(5).
b) Measured with all combinations of:

— PROTECTIVE EARTH connection connected or not connected,;
— One supply connection, at a time, connected or not connected,;

— SUPPLY CONNECTIONS nhormal or reversed.

Table 19.5DV.2 — Nonpatient EQuIPMENT maximum LEAKAGE CURRENT (microamperes) Continued on Next
Page
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Table 19.5DV.2 — Nonpatient EQUIPMENT Maximum LEAKAGE CURRENT (microamperes) Continued

Earth and encLosure®

CLASS | EQUIF‘MENTb) I CLASS I EQUIPMENTC)

©) Measured with all combinations of:
— One suppLY connECTION at a time connected or not connected;
— SUPPLY CONNECTIONS hormal or reversed;

— When measured with either sasic or suppLemENTARY INsuLATION effectively bypassed, the acceptable  Leakace
CURRENT i twice that shown.

When the equipment is marked or identified in the installation instructions for use on a center-tapped, 240 V, single
phase circuit} the Leakace current may be measured from a center-tapped circuit.

20 Dielectiic strength
Only insulgtion with a safety function need be subject to testing.
20.1 Genéyal requirements for all types of equiPMENT

The dielectric strength shall be tested (see also Appendix E):

A-a; Betwegn uive parts and accessieLe METAL PARTS WhiCh are pROTECTIVELYEARTHED.
This inpulation shall be sasic INsuLATION.

A-a, Betwegn uve parts and parts of the eNcLoSURE NOt PROTEGTIVELY EARTHED.
This inpulation shall be pousLE INSULATION OF REINFQRCED INSULATION.

A-b  Betwegn uive parts and conductive parts isalated from the Live parts by easic insuLaTion forming part of bousLe INJULATION.
This inpulation shall be sasic insuLATION.

A-c  Betwegn the encLosure and.conductive parts isolated from vive parts by sasic iNnsuLaTion forming part of bousLe INBULATION.
This inpulation shall-b&-sUPPLEMENTARY INSULATION.

A-d Not usgd.

UT PARTS NOt

PROTECTIVELY EARTHED.

Separation shall be achieved by one of the methods indicated in Items g) 1 to 5 of Clause 17.

No separate investigation is needed if the voltages appearing on the siGNAL INPUT PART (sIP) @and/Or SIGNAL OUTPUT PART (SOP) in
NORMAL and sINGLE FAULT conpiTions dO NOt exceed SAFETY EXTRA LOW VOLTAGE.

*A-f  Between parts of opposite polarity of the mains parT.

This insulation shall be equivalent to easic INsuLATION.

Table Continued on Next Page
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A-h

Aj

A-k

Table Continued

The electrical insulation of parts A-f shall be investigated only if, after inspection of insulation quantities and sizes, including
CREEPAGE DISTANCES and AR cLEARANCES according to Sub-clause 57.10, no complete compliance can be established.

If separation of circuits or protection of components, necessary for the investigation of parts A-f, is not possible without
damage to equipmenT, the manufacturer and the testing laboratory shall make an agreement as to any other method possible to
fulfil the purpose of this investigation.

Between a metal encLosure (or cover) lined internally with insulating material and a metal foil applied for testing purposes in
contact with the interior surface of the lining. Such a lining may be applied where the distance, measured through the lining,

betwedq

Where
treated|

Where

If the d

INSULATI

Where
INSULATI!

Not us

Betwesq
SUPPLY
and thg

This inpulation shall be supPLEMENTARY INSULATION.

Betwed

This in

This in

T & CIVE Part armd - the ENCIOSURE (0T COVET) 1S eSS talT e AR CLEARANCE TEqUITET aCCortimyg 0 Sub-clany

the encLosure (Or cover) is PROTECTIVELY EARTHED, the required air cLearance is that for sasic insuLamjenyand
as such.

the encLosure (Or cover) is not PRoTECTIVELY EARTHED, the required AR cLearance IS that far ReiNFoRCED INSULA

N, that distance shall be treated as easic insuLation. The lining shall then be.freated as suppLEMENTARY INS

the distance, as described before, is less than that required for sasic NsuLATion, the lining shall be treatd
N.

bd.

N AcCESSIBLE PARTS NOt PRoOTECTIVELY EARTHED and likely to(pecome wuive in the event of failure of the insulati
orp, and either metal foil wrapped around the powgR.suppLY corp inside inlet bushings, cord guards, cor
like, or a metal rod having the same diameter as the rower suppLy corp, inserted in its place.

N, in turn, a SIGNAL INPUT PART, @ SIGNAL.OUTPUT PART and ACCESSIBLE PARTS NOt PROTECTIVELY EARTHED.
Sulation shall be pousLE INSULATION OF REINFORCED INSULATION.

Sulation need not be linvestigated separately if at least one of the following conditions is satisfied:

a) The voltages appearing on the siGNAL INPUT PART OF SIGNAL OUTPUT PART iN NORMAL USE dO not exceed
VOLTAGE.

b) The Leakace currents do not exceed the allowable values in sinGLE FauLT conpiTion in the event of &
component failure in the sIGNAL INPUT OF SIGNAL OUTPUT PARTS.

pe 57.10.

he lining shall be

TION.

istance between the uve part and the interior surface of the lining is not less than the ar cLearance required for sasic

LATION.

d as REINFORCED

n of the power
0 anchorages

AFETY EXTRA LOW

ny single

c) The parts in question are effectively separated by a protecTiveLy earTHED Shielding or by a PROTECTIVELY EARTHED

intermediate circuit.

d) The sienAL INPUT OF siGNAL ouTPUT PARTS are designated by the manufacturer for connection to equipvent in situations

where no risk of external voltage exists (see IEC 601-1-1).

*See rationale for 20.1
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20.2 Requirements for equiPMENT With an AppPLIED PART

For equipmenT with an appLiED PART, the dielectric strength shall also be tested (see also Appendix E):

B-a Between the appLiED PART (PATIENT circuIT) @nd Live parts.

B-b

B-d

B-f

This insulation shall be pousLE INSULATION OF REINFORCED INSULATION.

This insulation need not be investigated separately if the parts in question are effectively separated as described in Sub-clause
17a) 1), 2) or 3). In this case the test is replaced by the tests of B-c and B-d.

Where
circuits

1€ 10Llal bU[)dldliUll PEWWVEETT NE APPLIED PART alll e LIVE Pdlt COTTSIStS Of TIoTe tharT one circuit msutatio

with the| proper test voltage derived from the relevant reference voltage. This may mean that the test Braimay

replace

Betwee

See Pal

Betwee

by two or more tests on separate parts of the separation means.
| parts of the appLiED ParRT and/or between ApPLIED PARTS.
ticular Standards.

p the appLiED PART @nd parts not proTECTIVELY EARTHED Which are isolated fromiwuye parts by Basic INSULATION

This insplation shall be supPLEMENTARY INSULATION.

This insplation need not be investigated separately if the parts in question are effectively separated as describ

17a) 1),

2) or 3).

Between an r-1ype AppLIED PART (PATIENT circuiT) and the encLesure including siGNAL INPUT PARTS @nd SIGNAL OUTPUT PAR

Sub-cla

ses 20.3 and 20.4)).

This insplation shall be easic insuLaTion. See also B=e:

Betweef an r-type AppLIED PART (PATIENT ciRcurT).and the encLosure where the F-Type APPLIED PART CONtains voltages
insulatign to the encLosure in NormAL use-inEltding earthing of any part of the appLiED PART.

This insplation shall be pousLE INSUFATION O REINFORCED INSULATION.

Not use]

0 (see B-a).

1, possibly of

vith a substantially different operating voltage, care shall be taken that each part of the separation.niegns is stressed

have to be

nly.

bd in Sub-clause

rs. See also

btressing the
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20.3 *Values of test voltages

The dielectric strength of the electrical insulation at operating temperature as well as following the
humidity preconditioning treatment and after any required sterilization procedure, if applicable (see
Sub-clause 44.7), shall be sufficient to withstand the test voltages as specified in Table V.

The reference voltage (U) as used in Table V is the voltage to which the relevant insulation is subjected
in NorMAL Use and at rRaTeD supply voltage or a voltage as specified by the manufacturer, whichever is the
greater.

The reference voltage (U) for each part of a bousLE INsuLATION iS equal to the voltage to which that pousLe
INSULATION ' ;

irsummed—mmmmﬂ—mﬂuppw—vdmgerﬂﬂmwmm being
energized @t the voltage defined in the preceding paragraph.

For referer]
PATIENT IS €

For insulati
voltage (V)

The referen
appearing

the referen
EQUIPMENT, {]

For periBRIL
presence o

ce voltages (U) involving an appLieED PART Not connected to earth, the sjtuation ir
hrthed (intentionally or accidentally) is regarded as a NORMAL CONDITION.

pn between two isolated parts or between an isolated part and airedrthed part, th
is equal to the arithmetic sum of the highest voltages between any)two points within

ce voltage (U) between an r-tvpe appLIED PART and the encLesuURE is taken as the high
hcross the insulation in norvaL uske including earthing of any part of the appLIED PART
ce voltage (U) shall be not less than the highest\ratep supply voltage or for,
he phase to neutral supply voltage or for INTERNALEY POWERED EQuUIPMENT 250 V.

f defibrillation voltages (see also subclause<17 *h)).

Table V
Test voltages

which the

e reference
both parts.

est voltage
. However,
polyphase

ATION-PROOF APPLIED PARTS, the reference voltage.(U) is determined without regard to the possible

Test voltages for reference voltage  U(V)
50<U 150<U 250<U 1 000<U
Insulfition to be tested U<50 <150 <250 <1 000 <10 000 10 000<U
BASIC INSULATIQ 500 1 000 1 500 2U + 1 000 U+ 2000 D
SUPPLEMENTARY INSULATION 500 2 000 2 500 2U + 2 000 U+ 3000 D
REINFORCED ar{d DOUBLE INSULATION 500 3000 4 000 2QU+1 2(U + 2 500) D
500)

D If necessa
NOTES
1 Tables VI

hnd, \/I1,,not used.

2 Where the

y, to be prescribed by Particular Standards.

voltage to which the relevant insulation is subjected in normAL usk is non-sinusoidal a.c., the test may b

e performed

using a sinusoidal 50 Hz test voltage. In this case the value of the test voltage shall be determined from table V us
reference voltage (U) equal to the measured peak-to-peak voltage divided by 2v2.

ng a

*See rationale for 20.3
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20.4 Tests

*a) The test voltage for single-phase equirment and for three-phase equipmenT (to be tested as
single-phase equipvent) shall be applied to the insulation parts as described in Sub-clauses 20.1
and 20.2 for 1 min and according to Table V:

— Immediately after warming up to operating temperature and de-energizing the

EQUIPMENT With an incorporated mains switch closed, or

— for heating elements after warming up to operating temperature and keeping the

EQUIPMENT In operation by application of the circuit of Figure 28, and

*h )
ins|
tes
c)
d)
e)
f
neg
va
dis|

*9)

INS

— immediately after the humidity preconditioning treatment (as described #n(S|
4.10) with the eouipment de-energized during the test and kept in the humidity
and

— after any required sterilization procedure (see Sub-clause 4457), with the o
de-energized.

Initially, not more than half the prescribed voltage shall\be’applied, then it sh
gradually raised over a period of 10 s to the full value, Which shall be mainta
min, after which it shall be gradually lowered over a-period of 10 s to less th4
full value.

The test voltage shall have a waveform and freguency such that the dielectric st
/lation is at least equal to that which would oecur if the waveform and the frequen
[ voltage were equal to those of the voltage-applied to the various parts in NORMAL
Not used.

Not used.
Not used.
During the test, no flashover or breakdown shall occur. Slight corona discharges a
hlected, provided(that they cease when the test voltage is temporarily dropped to &
/e, which must be higher, however, than the reference voltage (U) and provided t

rharges do«aot' provoke a drop in test voltage.

Care~is_taken that the voltage applied to a reinForcep iNsuLATION dOes not overstre
LAFIONNOI SUPPLEMENTARY INSULATION in the EQUIPMENT.

Lb-clause
cabinet,

IPMENT

hil be
ned for 1
n half the

ess on the
cy of the
{/SE.

re
lower
hat the

5S BASIC

h)

Where metal foil is applied this is done according to Sub-clause 19.4g) 5).

Care is taken that the metal foil is positioned in such a manner that flashover does not occur at
the edges of insulation linings. If applicable, the metal foil is moved so as to test all parts of the
surface.

*j) Power-consuming voltage-limiting devices, in parallel with an insulation to be tested, are
disconnected from the earthed side of the circuit.

Lamps, electronic tubes, semiconductors or other automatic regulating devices may be removed
or rendered inoperative if necessary to carry out the test.
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Protective devices connected between the r-tvPe APPLIED PART and the encLosure are
disconnected if they would become operative at the test voltage or below (see Sub-clause

59.

3).

k) With the exception of the tests on the insulations described in Sub-clauses 20.1 A-b, 20.1
A-f, 20.1 A-g, 20.1 A-j and 20.2 B-b, the terminals of the MAINS PART, SIGNAL INPUT PART, SIGNAL
outpuT PART and the appLiep PART (if applicable) respectively are short-circuited during the test.

) In the case of motors provided with capacitors where a resonance voltage U, may occur
between the point where a winding and a capacitor are connected together on the one hand
and any terminal for external conductors on the other hand, a test voltage equal to 2 U, + 1 000

V 3
tog

Duj
cirg

SECTION

21 Mecharical strength

General
For genera

ENCLOSURES

sufficient sfrength and rigidity.

Complianc

a)
apf
the

Th
be

b)

hattbe—appiret-betweenthepomt-where-thewindmgamd-thecapacitor-arecomn et
ether and the encLosure or conductive parts separated from vive parts by Basic iNSD

ring the test, parts not mentioned above are disconnected and the capacitor/shall
fuited.

*See rationale for 20.4

FOUR — PROTECTION AGAINST MECHANICAL HAZARDS

requirements on design and manufacture of‘gquipmenT see Clauses 3 and 54.

including any access covers forming part of them, with all components thereon,

P s checked by application of the following tests:

The rigidity of an encLosuRE-Or an encLosure part, and of any component thereon, i
plication of an inward directed force of 45 N applied over an area of 625 mn? anyl
surface.

bre shall not bé_any appreciable damage or reduction of crREEPAGE DISTANCES and AIR
ow those specified in Sub-clause 57.10.

The strength of an encLosure or an encLosure part, and of any component thereon,

by

impacbtest apparatus shown and described in Appendix G.

application of blows with an impact energy of 0,5 J = 0,05 J by means of the sprin

ted
ATION Only.

be short-

shall have

5 tested by

where on

CLEARANCES

is tested
g-operated

The release mechanism springs are adjusted so that they exert just sufficient PrRessure to keep
the release jaws in the engaged position.

The test apparatus is cocked by pulling the cocking knob until the release jaws engage with the
groove in the hammer shaft. The blows are applied by pushing the release cone against the
sample in a direction perpendicular to the surface at the point to be tested.

The pressure is slowly increased so that the cone moves back until it is in contact with the
release bars, which then move to operate the release mechanism and allow the hammer to
strike.
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The equipvenT shall be rigidly supported and three blows shall be applied to every point of the
EncLosuURE that is likely to be weak. The blows shall also be applied to handles, levers, knobs,
displays and the like, and to signal lamps and their covers, but only if the lamps or covers
protrude from the encLosure by more than 10 mm or if their surface area exceeds 4 cn?. Lamps
within equipment and their covers are tested only if they are likely to be damaged in NORMAL USE.

After the test, any damage sustained shall produce no sarety HAzARD; in particular, Live parts
shall not have become accessible so as to cause non-compliance with the requirements of
Section Three, Clause 44 and Sub-clause 57.10. If, as a result of the preceding test, the
integrity of supPLEMENTARY OF REINFORCED INSULATION IS in doubt, the relevant insulation only (not the
rest of the equipvent) shall be subjected to a dielectric strength test as specified in Clause 20.

Da
be
the

Cracks not visible to the naked eye and surface cracks in fibre reinforced mouldings

like

If g
ign

c)
def

Th
of

Th
sta
m3

If
ha
EQU
the

mage to the finish, small dents which do not reduce creepAGE DISTANCES and AIR-CLE/
ow the values specified in Sub-clause 57.10 and small chips which do not adverse
protection against electrical shock or moisture shall be ignored.

shall be ignored.

decorative cover is backed by an inner cover, fracture of the decorative cover sh
ored if the inner cover withstands the test after removal of the decorative cover.

Carrying handles or grips furnished on portasLE eQuiPMENT Shall withstand loading 4
bcribed in the following test.

b handle and its means of attachment are subjected to a force equal to four times
he EQuIPMENT.

b force is applied uniformly over a 7 ¢ length of the handle at the centre, withouf
ted at zero and gradually increased"so that the test value will be attained in 5 s tq
intained for a period of 1 min.

nore than one handle is futnished on the eouipvent, the force shall be distributed b
ndles. The distribution of-forces shall be determined by measuring the percentage
IPMENT mass sustainéd by each handle with the equipmenT in the normal carrying pd
equipMENT IS furnished with more than one handle but so designed that it may reag

ca

handles shall rot-break loose from the eouirmenT and there shall not be any permane
disfortion, cracking or other evidence of failure.

21.1 Not used.

ried by only one handle, each handle shall be capable of sustaining the total force

RANCES
by affect

and the

b/l be

the weight

clamping,
p 10 s and

bfween the
of the
sition. If
lily be

. The

Nt

21.2 Not used.
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21.3 EequipMmeNT parts serving for support and/or immobilization of patients shall be designed and
manufactured so as to minimize the risk of physical injuries and of accidental loosening of fixings.

Supporting parts for adult human ratients shall be designed for a patient having a mass of 135 kg (normal

load).

Where manufacturers specify particular applications, such as paediatric use, the normal load shall be

reduced.

Where breakdown of a paTiENT Support constitutes a sarety Hazarp, the requirements of Clause 28 shall

apply.
Complianc

A PATIENT S

with the ing
any side ra

During the
additional 4

The weight

Where no pormal load is specified, a weight that exerts a force-ot1,35 kN shall be considered

load for thd

There shal
and conne

The suppo

Foot rests
maximum

be evenly dlistributed over an area pf0;1 m? surface area for one minute.

At the com
21.4 Not u

21.5 *equiA
as a result

P S checked by the following test:
Lpport system shall be positioned horizontally and in the least favourable positior
tructions for use and loaded with weight distributed evenly over the support surfag
ils. The weight shall be applied gradually to the system until the required load is in

test structural members not considered part of the system under test may be pr
upport.

shall be equal to the required sarety FacTor (see Clausé-28) times the specified n
test. The full load shall act on the support systefyfor a period of 1 min.

be no damage to parts of the support system’stich as chains, clamps, cords, cord {|
Ltions, belts, axles, pulleys and the like that‘affect protection against a sAFETY HAZAR

't system shall be in equilibrium within;1 min after the application of the full test lo
hnd chairs shall be tested by the'same procedure, but the test force shall be twice t
hormal load or, if such a loadvis-not specified, the test force shall be 2,7 kN. The tes|
pletion of the test, foet rests and chairs shall show no damage resulting in a sarFet
Sed.

(MENT Or EQuiPMENT parts which are hand held during normaL use shall not present a s
of a freefall from a height of 1 m onto a hard surface.

Complianc

consistent
e, including

place.
pvided with

ormal load.
the normal

erminations
D.

hd.

he specified
t force shall

HAZARD.

FETY HAZARD

bYs checked by the following test:

The sample to be tested shall be allowed to fall freely once from each of three different starting attitudes
from a height of 1 m onto a 50 mm thick hardwood board (for example, hardwood > 700 kg/m?) which lies
flat on a rigid base (concrete block).

After the test equipment shall comply with the requirements of this Standard.

*See rationale for 21.5
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21.6 *porTABLE and wmosiLe EQuibMENT shall be capable of withstanding the stresses caused by rough

handling.

Compliance is checked by the following tests:

a) porTABLE EQUIPMENT IS lifted to a height as indicated in Table VIII above a 50 mm thick
hardwood board (see Sub-clause 21.5). The other dimensions of the board shall be at least 1,5
times those of the eouipvenT and it shall lie flat on a rigid (concrete) base. The EQuIPMENT IS
dropped three times from each attitude in which it may be placed in NorRMAL USE.

Table VIII

= L H Y
DropTergnt

Mass of equirment (kg) Drop height (cm)
Up to and influding 10 5
More than 1 up to and including 50 3
More than 5@ 2

After the test eouirment shall comply with the requirements ofythis Standard.

b)
no

ma
oth

Th

thig

Th
cla

erwise flat floor.

b Standard.

Lses 21.5 or 21.6 a).

*See rationale for 21.6

22 *Moving parts

22|

*See rationale for 22

DV D2*Modification of 22 by adding 22DV.1 — 22DV.4:

MoBILE EQUIPMENT IS propelled, by a force acting at apeoint as near floor level as pogsible, in its
'mal direction of travel at a velocity of 0,4 m/s £.Q,1 m/s, or for self-propelled eouiphenT at its
ximum velocity, over a descending step 20 mmhigh, which is rigidly attached to an

b test is performed 20 times after which*the eouirmenT shall comply with the requirgments of

s test need not be performed on eouiPmenT and equiPMENT parts tested according to|Sub-

22DV.1 Where a risk of injury to the

O 41 lof faYal =\Wi
OCT 1auuliditc 11Ul 22UV

PATIENT OF OPERATOR Can occur as a result of a moving

part, in addition to the other requirements in this clause, there shall be end stops or other
mechanical means to act as the ultimate travel limiting means (example: the end points of
a movable ceiling suspension).
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22DV.2 End stops or other mechanical means shall have the mechanical strength to

withstand the conditions of maximum intended loading and reasonably foreseeable
abusive operation.
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22DV.3 Compliance with these requirements shall be determined by the following tests.

22DV.4 The equipment shall be loaded with (1) the maximum intended load, (2) unloaded, or
(3) loaded to any intermediate level that is likely to provide the most severe test result. The
moving part is to be driven against each end stop or other mechanical means for the
number of cycles and conditions shown in Table 22DV.1. The end stops or other
mechanical means required shall be capable of performing their intended function upon
completion of the following tests.

Table 22DV.1 D2 Addition:

Talad FaVaY WA At L - . !
ravic 22U v. L = INUITiuTl Ul ' TToL LYULITS

Construction No. Cycles Test Conditigns

Moto

Manui
powe

driven
No limit system provided 2 6 000 Run at maximnt speed
Non-independent limit system 50 Defeat all switches

or systems provided 2P simultarieously, and run at
maximim speed

Two or more independent limit No Test
systems &b
plly driven or manually driven 50 Run at any speed, including
assisted reasonable overspeed
considered to be abusive

limit
b To

with

itch, (2) sensing circuits, and (3) related mechanical actuating mechanism.

an Ii{it system consists of all components required to stop motion, for example, it may consist of (1) a

ualify as an independent limit system, each system shall,"in addition to the criteria in note a co
oth of the following:

1. The system is capable of de-energizing the motor(s) directly; that is, the switch or motor
controller circuit interrupts the motor’s_rotor or stator current, or both, and

2. The system provides a means by which a malfunction of one limit system is made obvious to
the operator. This may be an@udible, visual or otherwise discernible indicator.

mply

22.1 Not u

22.2 Movir
constitute 4

a)

intq

sed.

g parts which do’not need to be exposed for the operation of equiement and which,
SAFETY HAZARD“Shall:

in the ‘case of TRANSPORTABLE EQUIPMENT, be provided with adequate guards which sH
gral_part of the equiPmeENT, OF

if exposed,

all form an

b) in the case of stationarY EQuIPMENT, be similarly guarded unless installation instructions
provided by the manufacturer in the technical description require that such guarding or
equivalent protection will be separately provided.

Compliance is checked by inspection.
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22.3 Cords (ropes), chains and bands shall either be confined so that they cannot run off or jump out of
their guiding devices, or a sarety Hazarp shall be prevented by other means. Mechanical means applied
for this purpose shall be removable only with the aid of a TooL.

Compliance is checked by inspection.

22.4 Movements of equipmMENT OF EQUIPMENT parts which may cause physical injury to the patient shall be
possible only by the continuous activation of the control by the oreraTor Of these equiPmeNT parts.

Compliance is checked by inspection.

AN L

22,

In qddition to  "paTiEnT” add "or operaToRrR” to the requirement in this sub-clause.

22.5 Not u
22.6 Parts
Complianc
22.7
-1
ide
of

Su
ob

-
HAZ

-0
Cirg

—N
Complianc

22,

[ W N 1 b £ 4
v UL viodinieatiuri Ul <.,

sed.
subject to mechanical wear likely to result in a saFeTy HazARD shall be-accessible for|

b s checked by inspection.

an electrically produced mechanical movement could cause a sareTy HAzarD, read
FQUIPMENT.

Ch means shall only be recognized as a sarety pevice if the emergency situation be
ious to the oreraTor and his reactiopstime is taken into account.

hrRD NOr interfere with the cofiplete operation necessary to remove the original sars

uit, taking into accotmt ‘possible stalled motor currents and the like.
leans for stopping of movements shall operate as a result of one single action.
P S checked by inspection.

7DV D2 Modification to 22.7 by adding the following items:

inspection.

ly

ntifiable and accessible means shall be provided:for emergency switching of the rglevant part

comes

peration of an emergency switching or stopping means shall not introduce a further sarety

TY HAZARD.

evices for emergency stepping shall be able to break the full load current of the r¢levant

— A device intended to be designated as an emergency off, emergency switching

or stopping device shall comply with each of the following:

a) The device shall be constructed in accordance with all of the following:

1) The device shall have an actuator, colored red as per 6.7,

designed to be distinctive and easily identifiable from that of other

controls, and that will open the circuit(s) when actuated,
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23 Surfacs

Rough sur
covered.

In particulal
Complianc

24 Stability

24.1 equirhenT shall eithier not overbalance during normaL use when tilted through an angle of

satisfy the

24.2 Not u

2) The device, once actuated, shall maintain the  equipmenT in the off
(open) condition until a deliberate action, different from that used

to actuate it, is performed, and,

3) Actuators shall be readily accessible to the OPERATOR and

positioned at each operating station.

b) An actuator that interrupts/opens mechanical movements shall be

marked with the word "STOP" or with symbol 5110 from IEC 878 (shown
below) on or immediately adjacent to, the face of the actuator and shall be

marked in compliance with all the requirements (permanence, letter

not be marked with the word "STOP" or the equivalent symbol~ift
switch interrupts all movements, including the generation of X-rays a
any other condition that could result in a risk of injury.

\V)

s4018

— The emergency switching means, in the first dashed paragraph shall be
separate and independent of the intended ynovement control.

s, corners and edges

aces, sharp corners and edges which may cause injury or damage shall be

I, attention shall be paid te flange or frame edges and the removal of burrs.
b S checked by inspection.

i NORMAL USE

requirements of Sub-clause 24.3.

sed.,

d
e

avoided or

10°, or shall

24.3 If equipvenT overbalances when tilted through an angle of 10°, all the following requirements shall be

met:

— equipmenT shall not overbalance when tilted through an angle of 5° in any position of NorMAL
usk, excluding transport.

— equipmenT shall carry a warning notice stating that transport should only be undertaken in a
certain position which shall be clearly described in the instructions for use or illustrated on the
EQUIPMENT.
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— In the position specified for transport, euipment shall not overbalance when tilted to an angle
of 10°.

Compliance is checked by application of the following tests, during which eqouirment shall not overbalance.
a) eouipvENT iS provided with all specified connection leads: the power suppLy corp and any
interconnecting cords. It is provided with the least favourable combination of possible

detachable parts and AccESSORIES.

EQuIPMENT having an appLiANCE INLET iS provided with the specified DETACHABLE POWER SUPPLY CORD.

The—conmectonteads—shatt-be-fard-dowrmromthemchimed-plane(see-testsb)ard—c})m the
position most unfavourable for stability.

b) |If no special transport position with increased stability is specified, eouirvenTAS plafped in any
possible position of normaL use on a plane inclined at an angle of 10° to the-horizontaj plane.

If dastors are present, they shall be temporarily fixed in their most disadvantageous gosition.
Doprs and drawers and the like shall be placed in the most disatlvantageous positior.
c¢) |If a special transport position with increased stability is specified and marked on epuiPmenT, it
is fested as described in the preceding sub-clause, butenly in the prescribed transpdrt position

onla plane inclined at an angle of 10°.

Fulthermore, such equipment shall be tested in ahy’possible position of normaL use as described
in this sub-clause, but the angle of inclinatiop~Sshall be restricted to 5°.

d) |eouipmeENnT having containers for liquids;is tested with these containers completely qr partly
fillgd or empty, whichever is least favourable.

24.4 Not used.

24.5 Not used.

24.6 Grips|and other handling devices
a) [EQuiPMENT OF-EQUIPMENT parts with a mass of more than 20 kg and which need(s) to|be

ha:l:dled in NermAL use shall either be provided with suitable handling devices (for exammple

hamdles, lifting eyes, etc.) or the accompanying bocumenTs shall indicate the points where
eqQUipmenT Can be lifted safely or how it should be handled during assembly.

Where the method of handling is obvious and no sareTy HazarDs can develop when this is done,
no particular construction or instruction is required.

Compliance is checked by weighing (if necessary) and by inspection of equipmenT and/or the
ACCOMPANYING DOCUMENTS.

b) equirmenT specified by the manufacturer as porTaBLE EQuIPMENT With a mass of more than 20
kg shall have (a) carrying-handle(s) suitably placed which enable(s) the equipmenT to be carried
by two or more persons.

Compliance is checked by weighing (if necessary) and by carrying.
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25 Expelle

d parts

25.1 Where expelled parts could constitute a saFeTy HAzARD protective means shall be provided.

Compliance is checked by inspection for the presence of protective means.

25.2 A graphical display vacuum tube whose maximum face dimension exceeds 16 cm shall either be
intrinsically safe with respect to effects of implosion and to mechanical impact, or the encLosure of the
equipmenT shall provide adequate protection against the effects of an implosion of the tube.

A non-intrinsically safe tube shall be provided with an effective protective screen which cannot be

removed withott-theuseofeToorifaseparate—screenof glassisusedit—shattmotbe—mrdiect contact
with the sufface of the tube.
The tube shall be tested as specified in IEC Publication 65, unless a certificate of the testing |s provided.
26 *Vibratipn and noise
*See rationale for 26
No general requirement.
27 Pneumgtic and hydraulic power
No general requirement.
28 Susperjded masses
28.1 Gengral
The following requirements concern equieMenT parts suspending masses (including patienTg), where a
mechanica| defect of the means of suspéension could constitute a saFETY HAZARD.
Any moving part shall also comply with the requirements of Clause 22.
28.2 Not used.
28.3 Suspension systeniwith saFeTy DEVICES
— Where the’/integrity of a suspension depends on parts, such as springs, which may| due to
thejr manufacturing process, have hidden defects, or on parts having sarety FacTors r{ot
complying with Sub-clause 28.4, a sareTy pevice shall be provided, unless excess travgl in the

event of breakdown is limited.

— The sarety pevice shall have sarety FacTors complying with Sub-clause 28.4.2.

— If equipmenT can still be used after failure of suspension means and activation of a sarety
pevice (for example a secondary rope), it shall become obvious to the oreraTor that the sarety
pevice has been activated.
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28.

3DV D2 Moadification to 28.3 by adding the following item:

— To comply with the requirements of 28.3,  equipmenT relying on a sareTy pevice shall
additionally be tested as follows:

A chain, cable, band, spring, belt, jack screw nut, pneumatic or hydraulic
hoses, or the like, employed to support a load, is to be defeated by any
convenient means, thereby causing the maximum normal load to fall from

the most adverse position permitted by the construction of the EQUIPMENT.
There shall be no evidence of damage to a safety catch or other

restraining means that would affect its ability to perform its intended

28.4 Susp

If a sareTy
requiremen

1)

2)
ma

3)
suf

4)
co

fomction—ftcanmot-bedemonstrated-thata—safetycatchrorother
restraining means can perform its intended function after the test~&
permanent marking shall be provided in accordance with paragraph
below. If the load is a praTiENT, the load is to be as specified by’the
manufacturer, or 1,33 kN or 136 kgf (300 Ibf) if not specified.

The equirvenT shall be marked with signal word ~ "WARNING“and the folloying text
or the equivalent — "For Continued Protection Against Injuty to Persons, Repair or
Replace Safety Catch (or specific restraining means, as.appropriate) After It Has
Been Activated. Refer to Instructions in the Service Marnual Provided With the
Equipment.” The marking shall be readily visible during any approach to
servicing or resetting of the safety catch. Moresthan one such marking may b
required.

[

bnsion systems of metal without saFeTy DEVICES

DEVICE iS not provided, the construction™of the suspension shall comply with tHe following
ts:

The TotaL LoaD shall not exceed(the saFe WORKING LOAD.

\Where it is unlikely that sugporting characteristics will be impaired by wear, corrogion,
terial fatigue or ageing, the sareTy FacTor of all supporting parts shall not be less than 4.

\Where impairment\by wear, corrosion, material fatigue or ageing is expected, releyant
porting parts shall have a sareTy Factor not less than 8.

\Where mietal having a specific elongation at break of less than 5% is used in supporting
hponents/ the saFeTy FACTORs, as given in 2) and 3) above shall be multiplied by 1,%.

5)

Sheaves, sprockets, bandwheels and guides shall be so designed and constructed that the

sAFeTY FACTORS Of this sub-clause of the suspension system shall be maintained for a specified
minimum life till replacement of the ropes, chains and bands.

Compliance with the requirements of Sub-clauses 28.3 and 28.4 is checked by inspection of the design
data and any maintenance instructions.

28.

4DV.1 D2 Modification of 28.4 by replacing the last paragraph with the following:

Compliance with the requirements of 28.3 and 28.4 is checked by test performance, design
data and inspection of any maintenance instructions. Where the complexity of the system
is such that the design data can be reasonably evaluated so as to determine that
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compliance is met, demonstration of test performance may not be necessary.

28.

To

test. The suspension shall be loaded as in

4DV.2 D2 Modification of 28.4 by adding the following:

comply with the required  sareTy FacTors, the suspensions shall be subjected to a

loading

NORMAL USE With its sarFe workiNGg LoaD multiplied by

the applicable sareTy FacTors. There shall be no damage to structural parts that would create

a risk of injury to a

PATIENT OF OPERATOR. The support system shall be in equilibrium one

minute after application of the test load. The test may be conducted on previously untested
samples.

28.5 *Dyn

No general

28.6 Not u

SECTION
RADIATIO

General

Radiation f
purpose un

Adequate
devices in

Limits for &
Particular S

Requireme

llll.b I’Uau’D
requirement.

*See rationale for 28.5
Sed.

FIVE — PROTECTION AGAINST HAZARDS FROM UNWANTED OR EXCESSIVE
N

OM MEDICAL ELECTRICAL EQUIPMENT intended for application to paTienTs for diagnostic or
der medical supervision may exceed limits normally acceptable for the population

brovisions shall be made to protect the“paTiEnT, oPERATOR and other persons an
he vicinity of the equipmenT from unwanted or excessive radiation from the equipme

QuipMeNT intended to produce rddiation for diagnostic or therapeutic purpose are
tandards.

nts and tests will be found in Clauses 29 to 36.

29 X-Radiation

29I

Th
SE|

DV DR Madification to 29 by adding the following:

b requirements of 29.2 shall be considered when evaluating EQUIPMENT. The
CTION FIVE items are considered the responsibility of the proper authorities. See 1]

therapeutic
hs a whole.

d sensitive
T.

specified in

remaining
1DV.

20.1

— For diagnostic X-ray equirvent — See Collateral Standard IEC 601-1-3 (see Appendix L);

— For radiotherapy equipvent — NO general requirement, see relevant Particular Standard.
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29.2 For equipmenT not intended to produce X-radiation for diagnostic and therapeutic purposes, ionizing
radiation emitted by vacuum tubes excited by voltages exceeding 5 kV shall not produce an exposure
exceeding 130 nC/kg (0,5 mR) in 1 h at a distance of 5 cm from any accessible surface of the equiPmeNT.

Compliance is checked by measurements of exposure or exposure rate with a radiation detector suitable
for the energy of the emitted radiation. In order to average the exposure of narrow beams over the
appropriate area, the detector shall have an entry window with an area of approximately 10 cm?.

Controls and adjustments, internal and external, provided for the purpose of altering the value of the
relevant HiGH voLTAGE source(s) in the equipMENT, are set at the position resulting in the maximum emission
of X-radiation. Single failures of components causing the least favourable conditions are simulated in turn.

Detailed re
30 Alpha,

No general
31 Microw
No general
32 Light rg
No general
33 Infra-re
No general
34 Ultravig
No general
35 Acousti
No general

36 *Electrd

quirements concerning failure of components may be specified in Particular Starnd)
peta, gamma, neutron radiation and other particle radiation
requirement.

bve radiation

requirement.

diation (including lasers)

requirement.

i radiation

requirement.

let radiation

requirement.

cal energy (including:ultra-sonics)

requirement.

magnetic.compatibility

*See rationale for 36

ards.

See |IEC 601-1-2 (see Appendix L).
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SECTION SIX — PROTECTION AGAINST HAZARDS OF IGNITION OF FLAMMABLE ANAESTHETIC

MIXTURES

NOTE — This section has been partly re-written and re-numbered.
37 Locations and basic requirements
37.1 Not used.

37.2 Not used.

37.3 Not upet:
37.4 Not uped.

37.5 FLAMMABLE ANAESTHETIC MIXTURE WITH AR Where a FLAMMABLE ANAESTHETIC MIXTURE WITH AIR OCCU
of a leakage or discharge of & FLAMMABLE ANAESTHETIC MIXTURE WITH OXYGEN OR NITROUS)OXIDE from &
ENCLOSURE, [t is considered to propagate to a volume surrounding the leakage~or/discharge po
distance frgm 5 cm to 25 cm from such a point.

37.6 FLAMMMBLE ANAESTHETIC MIXTURE WITH OXYGEN OR NITROUS OXIDE. A FLAMMABLE ANAESTHETIC MIXTURE WITH OXY(
oxipe may be gontained in a completely or partly enclosed equiement part and in the paviENTS respiratory tract. Such a
considered to|propagate to a distance of 5 cm from an encLosure part where leakage or discharge occurs.

37.7 equirNeENT Or parts thereof specified for use in a location defined in Sub-clause 37.5 shall
Ap or apc EquipveNT and shall comply with the requirements’of Clauses 39 and 40.

37.8 equirNENT Or parts thereof specified for use in a location defined in Sub-clause 37.6 shall
aprG eQuipMeNT and shall comply with the requirements of Clauses 39 and 41.

EGORY APG EQUIPMENT iN Which a r£aMMABLE ANAESTHETIC MIXTURE WITH AIR Occurs shall be
ment and shall comply with the requirements of Clauses 38, 39 and 40.

Parts of ca1
OI' APG EQUIH

b with the requirements~of Sub-clauses 37.7 and 37.8 is checked by inspection
tests of Clauses 39,40 and 41.

Complianc
appropriate

These test$ shall be madeé after applicable tests according to Sub-clause 44.7.

38 Marking, ACCOMPANYING DOCUMENTS

38.1 Not used.

rs because
1l
nt at a

EN OR NITROUS
mixture is

PE CATEGORY

PE CATEGORY

CATEGORY AP

and by the

38.2 catecory Apc EQuUIPMENT Shall be marked on a prominent location with a green-coloured band at least
2 cm wide imprinted with the characters “APG”, permanently affixed and clearly legible (see Appendix D

and Clause 6). The length of the green-coloured band shall be at least 4 cm. The sizes of
shall be as large as possible for the particular case. If this marking is impossible, the relevant
shall be given in the instructions for use.

he marking
information
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38.3 Not used.

38.4 cateGoRY AP EQuIPMENT Shall be marked on a prominent location with a green-coloured circle of at least
2 cm diameter, imprinted with the characters "AP", permanently affixed and clearly legible (see Appendix
D and Clause 6).

The size of the marking shall be as large as possible for the particular case. If this marking is impossible,
the relevant information shall be given in the instructions for use.

38.5 The marking according to Sub-clauses 38.2 and 38.4 shall be present on the major part of the
equipvenT if this part is AP or APG. It need not be repeated on detachable parts which can only be used
together withrthemarked—egorverT:

38.6 accompanying pocumenTs shall contain an indication for the user enabling him to distinguigh the parts
of equipmeNnT (see Sub-clause 38.7) that are categorized AP and APG.

Compliancg is checked by inspection (see Sub-clause 6.8).

38.7 On equipmenT in which only certain eQuiPMENT parts are cATEGORY AP OF CATEGORY APG, the mparking shall
clearly indi¢ate which parts are cATEGORY AP OF CATEGORY APG.

Complianc¢ is checked by inspection.

38.8 Not used.

39 Commgn requirements for cATEGORY AP and CATEGORY“APG EQUIPMENT
39.1 Electfical connections

a) [creepPAGE DISTANCES and AIR CLEARANGES between the connection points of Power supply cCorDs
shall be according to Sub-clause 5710, Table XVI, values for suPPLEMENTARY INSULATION.

b) [Connections, except thosenn the circuits described in Sub-clauses 40.3 and 41.3,|shall be
prdtected against accidental-disconnection in normaL use or shall be so designed that [connection
ang/or disconnection can be performed only with the use of a TooL.

C) [cATEGORY AP EQUIPMENT and cATEGORY APG EQuUIPMENT Shall not be provided with a petadHABLE
POWER SUPPLY CERD:Unless the circuit complies with the requirements of Sub-clauses 4(.3 or 41.3.

Compliance s checked by inspection and/or measurement.
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39.2 Construction details

a) Opening of an encLosure providing protection against the penetration of gases or vapours

into

the equipmenT or into parts thereof shall be possible only with the aid of a TooL.

Compliance is checked by inspection.

b) To avoid the likelihood of arcing and sparking due to foreign objects penetrating the
ENCLOSURE:

— top covers of encLosures shall have no openings; openings for controls are permitted if

Co
12

pOS

c)

ANA

of fhese conductors or a short circuit of one conductor to a conductive part containing

or

tenmiperature or in a sareTy HAZARD in such @ part (see Sub-clause 41.3a)).

Co
gag
O3
in

39.3 Prevq

a)
co

L H () i} [ I}
tIICDU UPCTIITTYS At LUVETTU Uy tl 1T LUI ItIUI RI'MUDU,

— openings in side-covers shall have such dimensions that penetration.bya g
cylindrical object of more than 4 mm diameter is prevented;

— openings in base plates shall have such dimensions that penetration by a
cylindrical object of more than 12 mm diameter is prevented:

mpliance is checked by means of a cylindrical test rod of 4 mmr diameter for side-q
mm diameter for base plates. The test rod shall not entefthe encLosure when app
bsible directions without appreciable force.

Where Basic INsuLaTION Of electrical conductors may/contact a part containing a rLAw
ESTHETIC MIXTURE WITH OXYGEN OR NITROUS OXIDE Or ighitable gases alone or oxygen, a s

mixture shall not result in loss of integrity.ef<such a part or result in an inadmissibl
mpliance is checked by inspection.\In case of doubt, a short-circuit test (without e
bes) shall be performed and thetemperature in the relevant part shall be measure
bsible. The short-circuit test need not be performed if the product of the open-circy

olts and the short-circuit-etirrent in amperes does not exceed 10.

ntion of electrostatic\charges

hbination of.appropriate measures such as:

—the use of antistatic materials with a limited electrical resistance as specifie
clause 39.3b), and

S

Electrostatic charges shall be prevented on catecory Ap and CATEGORY APG EQUIPMENT

olid

olid

overs and
ied in all

MABLE
hort circuit
) the gas

a)

plosive
0 if
it voltage

by a

d in Sub-

— provision of electrically conductive paths from equiPMENT OF EQUIPMENT parts to a
conductive floor or to the protective earth system or the potential equalization system or

via wheels to an antistatic floor of the medically used room.

b) The electrical resistance limits of anaesthetic tubing, mattresses and pads, castor tyres and
other antistatic material shall comply with ISO Standard 2882.

Compliance with the allowable resistance limits given in ISO 2882 is checked by measurements
according to 1SO 471, I1ISO 1853 and I1SO 2878.

39.3 ¢) to j) Not used.
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39.4 Corona

Parts and components of equipvenT operating at more than 2 000 V a.c. or more than 2 400 V d.c. which
are not included in encLosures in compliance with Sub-clauses 40.4 or 40.5 shall be so designed that

corona can

not be produced.

Compliance is checked by inspection and measurement.

40 Requirements and tests for

CATEGORY AP EQUIPMENT, parts and components thereof

40.1 General

EQUIPMENT, HQUIPMENT parts or components shall not igniteé FLAMMABLE ANAESTHETIC MIXTURES WiFHCA[R iN NORMAL
USE and NORMAL CONDITION.

EQUIPMENT, EQUIPMENT parts or components complying with one of the Sub-clauses 40.2 tp 40.5 are
considered|to comply with the requirement of this sub-clause.

EQUIPMENT, EQUIPMENT parts or components complying with the requirements of IEC Publicgtion 79 for
pressurized encLosures (79-2), for sandfilled encLosures (79-5) or for oil-immersed equipmenT (79-6) as well
as with the| requirements of this Standard (excluding those of Sub-clauses 40.2 to 40.5), are|considered
to comply With the requirements for cATEGORY AP EQUIPMENT.

40.2 Temperature limits

EQUIPMENT, H
of surfaces
restricted \
circulation
requiremern

The operat
40.3 *Low:

EQUIPMENT, {
the equiPmE
a TooL, ing
motors) sh
Umax and t
the inductal

QUIPMENT parts or components not producing sparks and not producing operating te|
in contact with gas mixtures in NorMAL use‘@dnd NORMAL conpiTION, exceeding 150°Q
ertical air circulation by convection, or, exceeding 200°C in case of unrestricted
if measured at an ambient temperature of 25°C, are considered to comp
ts of Sub-clause 40.1.

ing temperatures are measured during the tests mentioned in Section Seven.
energy circuits

QUIPMENT parts orcomponents which may produce sparks in NorMAL use and NORMAL
\T (for example, switches, relays, plug connections which can be detached withou
luding connections inside equipmenT that are not sufficiently locked or secured,
bll comply«with the temperature requirements of Sub-clause 40.2 and additionally
he current /4, Which can occur in their circuits, taking into account the capacitanc
hce. Lyay Sshall comply with the following:

mperatures
in case of
vertical air
y with the

CONDITION Of
the use of
and brush
the voltage
e Chax and

Un

Un

ax < U;r with a given current /g, see Figure 29, and

ax < Uyc with a given capacitance C,,,y, See Figure 30, and

lhax < g With a given voltage U,r, see Figure 29, and

Inax < I, with a given inductance L5 and a Upax < 24 V, see Figure 31.

— The graphs of Figures 29, 30 and 31 have been obtained with the test apparatus according to
Appendix F with the most readily flammable mixtures of ether vapour with air (ether volume
percentage 4,3 + 0,2%) for an ignition probability (without sareTy FacTor) of 1073,
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— Extrapolation of the graph of Figure 29 is allowed for combinations of currents and
corresponding voltages within the limitations Lg * U,gr < 50 W.

Extrapolation for voltages of more than 42 V is not valid.

— Extrapolation of the graph of Figure 30 is allowed for combinations of capacitances and
corresponding voltages within the limitations:

%U25L2mJ

Ex{rapolation for voltages of more than 242 V is not valid.

If the equivalent resistance R is less than 8 000 Q, U,y is additionally determined w(th the
actpal resistance R.

— Bxtrapolation of the graph of Figure 31 is allowed for combjnations of currents and
coiresponding inductances within the limitations

—

jRsoz)mJ

Ex{rapolation for inductances larger than 900 mH is not valid.

— \foltage Unay is taken as‘the highest supply voltage occurring in the circuit under investigation
with the sparking contact open, taking into account the mains voLTace variations requirgd in Sub-
clapse 10.2.2.

— Qurrent IacdSitaken as the highest current flowing in the circuit under investigation with the
spdrking contaet closed, taking into account the mains voLTAGe variations required in Spib-clause
102.2.

— (apacitance C,5x and inductance Ly, are taken as the values which occur at the component
under investigation which produces sparks in the EQuIPMENT.

— If the circuit is supplied with a.c., the peak value is taken into account.

— If the circuit is complicated and consists of more than one capacitance, inductance and
resistance, or a combination thereof, an equivalent circuit is calculated to determine the
equivalent maximum capacitance, the equivalent maximum inductance and additionally the
equivalent Uyax and o €ither as d.c. values or as a.c. peak values.
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Compliance is checked either by temperature measurement and determination of Upay, Imax, R, Lmax @nd
Cnax @nd application of Figures 29, 30 and 31, or by examination of the design data.

*See rationale for 40.3

40.4 *External ventilation with internal overpressure

Where EQUIPMENT, EQUIPMENT parts or components are enclosed in an encLosure with external ventilation by
means of internal overpressure the following requirements shall apply:

a) FLAMMABLE ANAESTHETIC MIXTURES WITH AIR Which might have penetrated into the encLosure of

EQU
EQU
(o]o:
EQU
phy

b)
ovq
es(
EQU

En
pre
air
eng

c)
de-
reg
40.

d)
not
me

Complianc
and flow m

IFMENT UI Uf all EQUIFMENT pcllt D: |a“ iJU ICIIIUVUUI IL)_y vcuﬁ:aﬁun Il.JUfUIU t: 1T EQUIFMENT

IPMENT part can be energized, and subsequently the penetration of such mixturesg
bration shall be prevented by maintenance of overpressure within the equipygnT or

iPMENT part by means of air not containing flammable gases or vapours or by’meal
siologically acceptable inert gas (for example nitrogen).

The overpressure inside the encLosure shall be at least 0,75 hPagn ‘WorMAL conDITId
rpressure shall be maintained at the site of potential ignition evén if the air or iner
ape through openings in the encLosure which are necessaryfor the normal operat
IPMENT OF Of EQUIPMENT parts.

brgizing equipment shall only be possible after the required minimum overpressure
sent for a time sufficient to ventilate the relevant €xctosure so that the displaced v
or of inert gas is at least five times the volume.gf the encLosure. (However, EQuiPMH
brgized at any time or repeatedly if the overpressure is continuously present.)
If the overpressure drops below 0,5 hPa during operation, ignition sources shall bg
uirements and tests of Clause 40-do not apply, or comply with the requirements o
The external surface of théencLosure in which the internal overpressure is mainta
attain in NorRMAL conpiTioN-and NORMAL USE an operating temperature exceeding 150

asured in an ambient.témperature of 25°C.

b with the requirements of Sub-clauses 40.4a) to 40.4d) is checked by temperatu
easurements\and inspection of the pressure monitoring device.

*See rationale for 40.4

r
uring
he

s of a

N. The
t gas can
on of

has been
blume of
NT may be

2}

energized automatically by means .which either shall be located in a place where the

f Clause

ned shall
DC,

'€, PRESSURE
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40.5 EncLo

SURES With restricted breathing

Where eqQuiPMENT, EQUIPMENT parts or components are enclosed in an encrLosure with restricted breathing the
following requirements shall apply:

*a) encLosures With restricted breathing shall be so designed that the formation of a FLammABLE
ANAESTHETIC MIXTURE WITH AR inside the encLosure does not occur whilst the encLosURE iS
surrounded by a FLAMMABLE ANAESTHETIC MIXTURE WITH AIR Of a high concentration for a period of at
least 30 min but without any pressure difference to the space inside the EncLoSURE.

b) If the required tightness is obtained by gaskets and/or sealing, the material used shall

th

Co
ten

c)
wh
an

Complianc
the followin

After comp|
and 30 pu
direction o
of 1 s dura

£ L Y —y H
CIUTT UT 1Tolstalit iU ayciny.

nperature 70°C + 2°C, duration 96 h.

If the encLosure contains inlets for flexible cords, their gas-tightness.Shall be maint

en the cords are stressed by bending and/or pulling. The cords shalPbe fitted with
horages to limit these stresses (see Sub-clause 57.4a)).

g tests:

Is of the value shown in Table IX are applied-to each flexible cord alternately

Table 1X
Gas-tightniess of cord inlets

mpliance is checked by application of test B-b of IEC Publication 68-2-2, Clduse 1

P with the requirements of Sub-clauses 40.5a), 40.5b) and 40.5c) is checked by af

etion of the test of Sub-clause 40.5b) if relevant, <ah internal overpressure of 4 hP

the cord inlet and in the least favourable perpendicular direction, each pull withot
fion. At the end of the test the overpressuré-shall not be reduced to less than 2 hF

hined
adequate

pplication of

h /S created
in the axial
it jerks and
Pa.

Mass of EqQuiPMENT Pull

(kg) N)

Up to and ingluding 1 30

Over 1 up tojand including 4 60

Over 4 100
When the &ncLosure ofseQuIPMENT parts or components is sealed or gas-tight and no doubt ex|sts that the

ENCLOSURE (

The operat

omplies-with the aforementioned requirement, the encLosure Is tested by inspectio

ingtemperature of the external surface of the encLosure shall not exceed 150°C

an ambien

h only.

easured at
temperature of 25°C. The steady state operating temperature of the eEncLoSURE gLa// also be

measured.

*See rationale for 40.5
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41 Requirements and tests for caATEGORY APG EQUIPMENT, parts and components thereof
41.1 General

EQUIPMENT, EQUIPMENT parts or components shall not ignite FLAMMABLE ANAESTHETIC MIXTURES WITH OXYGEN OR
NITROUS oXIDE. This requirement applies both in NnormaL use and in the event of any applicable siNGLE FAuLT
conbiTion, as described in Sub-clause 3.6.

EQUIPMENT, EQUIPMENT parts or components which do not comply with the requirements of Sub-clauses 41.3
are tested by a continuous oPERATION test over a period of 10 min in an ether/oxygen mixture (ether volume
percentage 12,2% + 0,4%) after the thermal steady state condition has been attained, but not longer than
3 h after syitchmgonm:

41.2 *Powgr supply
Parts or components of caTEGORY APG EQUIPMENT Which operate in a FLAMMABLE ANAESTHETIC MIXTURE [WITH OXYGEN
or NITRous @xipe shall be supplied from a source which is isolated from earth by at least sasic iInduLaTION and
from LivE parts by DOUBLE OF REINFORCED INSULATION.
Compliancg is checked by inspection of circuit diagrams and measuremeint.
*See rationale for 41.2
41.3 *Temperatures and low-energy circuits
EQUIPMENT, fand EqQuiPMENT parts or components are considered to comply with the requifements of
Sub-clause| 41.1 without being tested according to Sub-Clause 41.1 if, in NORMAL USE, NORMAL cnDITION and
SINGLE FAULT| conDITIONS (See Sub-clause 3.6):
a) [no sparks are produced and no temperatures exceeding 90°C occur, or
b) |a temperature limit of 90°C is-not exceeded, EQuiPMENT OF EQUIPMENT parts contain cpmponents
whfch may produce sparks, in\NORMAL USE, NORMAL conpiTioN and applicable sINGLE FAULT FONDITIONS,
bufl the voltage U,,ax and the’current /.5, which can occur in their circuits, taking into|account
the| capacitance Cp,,¢.@hd the inductance L4y, comply with the following:
Unmax < UJg with a given L, see Figure 32, and

Unax&U,c with given Cax See Figure 33, as well as

Ihax € Lr With a given voltage U,g, see Figure 32, and

Imax S ;. with a given inductance L, and Upax < 24 V, see Figure 34.

— The graphs in Figures 32, 33 and 34 have been obtained with the test apparatus
according to Appendix F with the most readily flammable mixture of ether vapour with
oxygen (ether volume percentage 12,2 + 0,4%) for an ignition probability of 103. The
maximum allowable values of g (Figure 32), U,c (Figure 33) and I, (Figure 34)
include a sarety Factor 1,5.

— Extrapolation of the curves of Figures 32, 33 and 34 is limited to the areas indicated.
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— Voltage Unax is taken as the highest no-load voltage occurring in the circuit under
investigation, taking into account maiNs voLTAGE variations as required in Sub-clause

10.2.2.

— Current I, is taken as the highest current flowing in the circuit under investigation,

taking into account mains voLTAGE variations as required in Sub-clause 10.2.2.

— Capacitance C,,y and inductance L4, are taken as values which occur in
relevant circuit.

the

— If the equivalent resistance R in Figure 33 is less than 8 000 Q, U,,ay iS additionally

Compliance¢ is checked by inspection, temperature measurements, comparison with design da
measurement of Upay, Imax Ry Lmax @nt-Cnax @nd using Figures 32, 33 and 34.

tetermined-withrthe—actuat-reststance R
— If the circuit is supplied with a.c., the peak value is taken into account,

— If the circuit is complicated and consists of more than one capacitance, ind
and resistance or a combination thereof an equivalent circuit is‘Calculated to

Lictance
determine

the equivalent maximum capacitance, the equivalent maximgm»-inductance ard,
additionally, the equivalent U, and fyay €ither as d.c. values or a.c. peak values.

— If the energy produced in an inductance and/or capacitance in a circuit is li
voltage-limiting and/or current-limiting devices preventing the limits of Figures
33 and/or 34 being exceeded, two independent-cemponents shall be applied
the required limitation of voltage and/or currént is obtained even in the case
fault (short circuit or open circuit) in one of\these components.

This requirement does not apply to_transformers designed and made accordi

Standard and to wire-wound current*limiting resistors provided with a protecti
unwinding of the wire in the event of rupture.

*See rationale for 41.3

mited by
32 and/or
so that
pf a first

hg to this
bn against

a and/or by
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41.4 Heating elements

EQUIPMENT, EQUIPMENT parts and components which heat a FLAMMABLE ANAESTHETIC MIXTURE WITH OXYGEN OR
NniTRous oxipe shall be provided with a non-seLF-RESETTING THERMAL cuT-ouT, as an additional protection against
overheating.

Compliance is checked by the corresponding test of Sub-clause 56.6a).

The current-carrying part of the heating element shall not be in direct contact with the FLAMMABLE ANAESTHETIC
MIXTURE WITH OXYGEN OR NITROUS OXIDE.

Comp/ianc efs—chreckett I'Jy l.llapcbflluu.
41.5 Humidifiers
See ISO 8185.
SECTION EEVEN — PROTECTION AGAINST EXCESSIVE TEMPERATURES-AND OTHER |sareTy
HAZARDS
42 Excess|ve temperatures
42DV D2 Madification of 42 by adding the following:
Insplating systems (such as on transformers, motars, solenoids, inductors and the like)
where the measured temperatures exceed Class’A (105°C) limits during NORMAL USE and
NnoRmMAL conpiTion shall comply with the reguitfements in the Standard for Systems of
Insplating Materials — General, UL 1446.
*See-rationale for 42DV
42.1 *equigmenT parts having a safetysfunction and their environment shall not attain temperatures
exceeding the values given in Table-XA“during NorMAL use and NoRMAL conpiTion over the range| of ambient
temperaturgs specified in Sub-clause’ 10.2.1.

*See rationale for 42.1
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Table XA

Allowable maximum temperatures 1)

Maximum
temperature
Parts °C
Windings and core laminations in contact therewith, if the winding insulation is:
—of Class Amaterial? 3. . . .. ... . 105
—of Class Bmaterial? 3. . ... ... . . 130
—of Class E material? 3. . . ... .. ... 120
—of Class F material®: 3). . . . ... ... 155
JOTClassS H materal-’ > . .. . . .. ... ... i i, 180
Air adjacent fo switches and tHermosTaTs with Tmarking® %), .. ... ... ... . .. .. . . .0 T
Natural rubbgr or polyvinyl chloride insulation of internal and external wiring and flexible cords with T T
marking® ). | ..
Motor capacftors with marking of maximum operating temperature (C). . . . . .. .. .. it g P e tc-10
Parts in contpct with oil having a flash-point of ©°C . . ... ... ... o U t-25
Batteries (INTERNAL ELECTRICAL POWER SOURCE). . « « v« v v v v v et e ee e e e e e ee e N 7
Parts accesdible without the use of a TooL, except for heaters and their guards, lamps, and handles held in 85
NORMAL USE DY the OPERATOR. . . . . . o AN
Accessible sprfaces of handles, knobs, grips and the like of all equipmenT, which in NogmARUSE are continuously
held by the dreraTor:
dofmetal. ... ... e 55
- of porcelain or vitreous material . . . . ... .. AIN 65
- of moulded material, rubber or wood. . . . . ... L AN 75
Accessible sprfaces of handles, knobs, grips and the like, which in nérmat use are held by the operator for short
periods only |(for example, switches):
Hdofmetal. . ... RN 60
- of porcelain or vitreous material . . . . . ... L SN L 70
- of moulded material, rubber or wood. . . . (s L 85
EQUIPMENT pargs which may in norvaL use have a brief confact with apatient. . ... ... ... o o o 50

See explan

42.2 *EQUIP
in Table XH
temperatur

ations after Table XB.

(ENT parts and their environment shall not attain temperatures exceeding the valu
B when the equipmenT\is operated during normAL use and under NORMAL CONDITIONS at
b of 25°C.

*See rationale for 42.1

PS as given
an ambient
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Table XB
Allowable maximum temperatures 1)

Maximum
temperature
Parts °C
Pins of AppLIANCE INLETS:
—for hot conditions 8). . . . .. ... ... 155
—for other conditions. . . . . . ... 65
All terminals for external conductors (see Sub-clause 57.5)9). . . .. .. ... . 85
Air adjacent to switches, THErMosTATS Without Tmarking®. . .. ... .. ... .. . 55
Natural rubbfFor polyvinyl chioride msutation of mternal and external wirng and flexiple coras.
- if flexing of wiring occurs oris likely. . . ... ... . O 60
- if flexing does not occur oris unlikely. . . ... ... . ) 75
Natural rubbgr used for parts, the deterioration of which could have an effect on safety:
1 When used AS SUPPLEMENTARY OF REINFORCED INSULATION. © + v v v v v e v v v v e e e e e e e e N 60
Hdinother cases. . . ... N 75
Cord sheath$ used as SUPPLEMENTARY INSULATION. &« v v v v v v v v it e e e e e e e ONT 60
Material usegl as electrical insulation other than for wires or windings:
- impregnated or varnished textile, paper or press board:. . ... ... ... . NY. .o 95
- laminated bonded with:
* melamine-formaldehyde, phenol-formaldehyde or phenol-furfural resins. . ... ... ... .. 110
e urea-formaldehyde resin. . . .. ... ... o N 90
- mouldings of:
 phenol-formaldehyde with cellulose fillers. . , .Y ... .o o 110
 phenol-formaldehyde with mineral fillers. . . ... . ... ... . . . 125
e melamine-formaldehyde . . . . . ... NN 100
e urea-formaldehyde . . . .. ... 920
- thermoplastic material'®)
- polyester with glass-fibre reinforcement. .8 & . . . ... 135
 silicone rubber and the like!?)
- polytetrafluorethylene. . . . . . . . o 290
- pure mica and tightly sintered-ceramic material when such products are used as suppLEMENTARY OF 425
REINFORCED INSULATION. . . v v v v o o i i s e e e e e e e e e i e e e e e e e e e e et s e e e e e e e e e e e e s
- other materials'®)
Materials us¢d as thermal insulatiomand in contact with hot metal:
- laminates bonded with:
» melamine-formaldehyde, phenol-formaldehyde or phenol-furfural resins. . ... ... ... .. 200
“urea-formaldehyde resin. . . ... ... . 175
- mouldings.of:
 phenol-formaldehyde with cellulose fillers. . . . ... ... ... .. .. . . .. 200
 phenol-formaldehyde with mineral fillers. . . ... ... . ... . ... . . . 225
e melamine-formaldehyde . . . . . ... .. 175
e urea-formaldehyde . . . .. ... L 175
— other materials'®)
Wood in generall®. . . ... 90
Electrolytic capacitors, without a marking for . . . . . . .. . 65
Other capacitors, without a marking for fc. . . . . .. .. .. . 20
Supports, walls, ceiling and floor of the test corner as described in the test of Sub-clause 42.3. . ... ......... 20

Explanations for Tables XA and XB:
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1) It is recognized that higher maximum temperatures may be allowed for insulating materials under insulating oil and in
the absence of air or oxygen.

2) The classification is in accordance with IEC Publication 85.
Examples of Class A material are:

— impregnated cotton, silk, artificial silk and paper; enamels based on oleo or polyamide resins.
Examples of Class B material are:

— glass fibre, melamine and phenol-formaldehyde resins.

Examples of Class E material are:

— mouldings with cellulose fillers, cotton fabric laminates and paper laminates, bonded withmelamine-
formaldehyde, phenol-formaldehyde or phenol-furfural resins;

— cross-linked polyester, cellulose triacetate films, polyethylene terephthalate films;

— varnished polyethylene terephthalate textile bonded with oil-modified alkyd resin varnish;
— enamels based on polyvinylformal, polyurethane or epoxy resins.

Examples of Class F material are:

— glass fibre;

— varnished glass, fibre textile, built-up mica (with, or without supporting material), the foregoing impregnated
or bonded with alkyd epoxy, cross-linked polyester and polyurethane resins with superior thermgl stability or
silicone-alkyd resins.

Exagmples of Class H material are:
— glass fibre;
— varnished glass fibre impregnated or bonded with appropriate silicone resins or silicone elastomer;

— built-up mica (with, or without supporting materials), glass fibre laminates, the foregoing impregnhated or
bonded with appropriate silicone resins.

3) Motors are required to be marked with their insulation classes or certified by the manufacturer. Totally ¢nclosed
motprs with instilation Class A, B, E, F and H may have maximum temperature values as indicated, plus §°C.

4) T signifies'the maximum operating temperature.

H by the

value of the temperature limit are considered as being not marked. In this case Table XB applies.

6) This limit will only become applicable when IEC standards for high temperature wires and flexible cords are
available.

7) The operating temperature of an INTERNAL ELECTRICAL POWER source Shall not attain a value which causes a saFeTy HAzZARD.
Such a value shall be established by consultation with the supplier of the INTERNAL ELECTRICAL POWER SOURCE.

8) The possibility of reducing the maximum temperature of the pins of appLiance INLETS for hot conditions is under
consideration. See also IEC Publication 320.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

106B UL 60601-1 JUNE 30, 2003

No Text on This Page



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

JUNE 30, 2003 UL 60601-1 107

9) Terminals of TRANSPORTABLE OF HAND-HELD EQUIPMENT are excluded.

10) There is no specific limit for thermoplastic material which, however, must comply with the requirements for
resistance to heat, fire or tracking, for which purpose the maximum temperature must be determined.

11) As specified by the supplier of the material.

12) The limit is concerned with the deterioration of wood and does not take into account deterioration of surface
finishes.

13) Electrical or thermal insulating materials other than those given in Tables XA and XB may be used, subject to the
production of evidence from the manufacturer of the suitability of such materials for their intended use.

42.3 appLIEP PARTS Of EQuUIPMENT Not intended to supply heat to a paTienT shall not have surface(temperatures
exceeding f1°C.

Compliancg¢ with the requirements of Sub-clauses 42.1 to 42.3 is checked by operation of equipment and
temperature measurements as follows:

1) |Positioning and cooling

— Heating eouipmenT IS placed in a test corner. The testcorner consists of twg walls at
right angles, a floor and, if necessary, a ceiling, all 0fdull black painted plywgod of 20
mm thickness. The linear dimensions of the test:corner shall be at least 115% of the

linear dimensions of the equipment under test:

The equipvenT is positioned in the test cérner as follows:
a) eouipvent normally used*on a floor or a table is placed as near to the walls

as possible, provided thatthe manufacturer has not given special insfructions
concerning its use.

b) eouirment narmally fixed to a wall is mounted on one of the walls,
the other wall..and to the floor or ceiling as is likely to occur in NORMAL
provided the )manufacturer has not given special instructions concern|
installation.

c) eouirment normally fixed to a ceiling is fixed to the ceiling as near
asis likely to occur in normAL use, provided the manufacturer has not
Special instructions concerning its installation.

d) Other equirmenT shall be tested in the position of NORMAL USE.

AS near to
USE,

ing the

o the walls
given

. g - . | s .
v HAND-HELD EQUIFMENT 1S SUSUTTIUTU ITT lt.) rorirrial [JUDItlUI L, 1nmro

ill air.

e EQUIPMENT intended for installation in a cabinet or wall is built in as

required by installation instructions, using dull black painted plywood
walls, 10 mm thick when representing cabinet walls if the installation
instructions so specify and 20 mm thick when representing building
walls.

— Generally equipmeNnT Under test is operated at the prevailing ambient temperature, the
value of which is measured. If the ambient temperature changes during the test, such a
change shall be noted. Where doubts exist concerning the effectiveness of cooling
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2)

3)

Th

4)

Th
no
res

means the test may have to be conducted at the ambient temperature which

represents

the least favourable condition, provided that this temperature is within the ambient
temperature range specified in Sub-clause 10.2 of this Standard. If cooling liquid is

used during the test the conditions of Sub-clause 10.2 shall apply.

Supply

— eouirMeNT having heating elements is operated as in normAL use, with all heating
elements energized unless prevented by switching interlocks, the supply voltage being

equal to 110% of the maximum raTep voltage.
the least favourable voltage between 90% of the minimum raTep voltage alid
the maximum ratep voltage.

— Combined heating and motor operated and other equipment shall be tested

DUTY CYCLE

P EQUIPMENT IS operated:

— for the ratep Operating time for eQuiPMENT fOr SHORT-TIME OPERATION;
established for equiPmeNT for INTERMITTENT OPERATION, the "ON" and "OFF" perio
the ratep "ON" and "OFF" periods;

— for EQUIPMENT for conTINUOUS ORERATION

not increase in>1-h by more than 2°C;
b) for 2.5 hiwhichever is shorter.
Temperature measiirement

-uniform‘ar-severe complications are involved in making the necessary connectio
istance\measurement.

In

110% of the maximum raTep voltage and at 90% of the minimuithrATED voltage.

— over consecutive cycles of operation until:thermal-equilibrium conditions ar¢

——fotor-operatettEgorPvENT TS Operatettmter-mormat-foacard-mormatoorroycLe and

110% of

both at

s being

a) until the tempefature measured according to test 4) described belpw does

b temperature of windings is determined by the resistance method unless the windings are

s for the

his case the measurement is made by devices so chosen and positioned that they have a

negligible effect on the temperature of the part under test.

Devices used for determining the temperature of surfaces of walls, ceiling and floor of the test
corner shall be embedded in the surfaces or attached to the back of small blackened disks of
copper or brass, 15 mm in diameter and 1 mm thick, which are flush with the surfaces.

As far as possible, eouipmenT is positioned so that parts likely to attain the highest temperatures
touch the disks.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003 UL 60601-1

109

The value of the temperature rise of a copper winding is calculated from the formula:

wh

Ry -

at- BB osas o ) - (1, - 1)
1

ere.

At
the
me

culve of resistance against time can be plotted forascertaining the resistance at the

SWj

Th

sulface of the insulation at places wheré’failure could cause a short circuit, contact b

pa
CLE]

Th

lampholders are examples, of places where temperatures may have to be measured.

5)

Dul
the
ac(
an

At is the temperature rise in °C

R; is the resistance at the beginning of the test in Q

R, is the resistance at the end of the test in Q

t; is the room temperature at the beginning of the test in °C

t, is the room temperature at the end of the test in °C
resistance of windings at the end of the test be determined by taking resistance
asurements as soon as possible after switching-off, and then at short intervals so
tching off.
b temperature of electrical insulation, other than that of windings, is determined on

ts and AccessiBLE METAL PARTS, bridging of insulation or reduction of CREEPAGE DISTANC|
hrances below the values specified in Sub-clause 57.10.

P point of separation of cores of a multicore cord and where insulated wires enter

Test criteria

[ing the test\rHermAL cuT-outs shall not be de-activated and shall not operate. At th
test the maximum temperature of the parts listed in Table XA is determined takin
ountthe ambient temperature of the test environment, the temperature of the part
)l the.ambient temperature range specified in Sub-clause 10.2.

the beginning of the test, windings are to be at room temperature. It is recommendled that

that a
instant of

the
plween LIVE
ES O AIR

e end of
) into
s tested

For the eouipment parts listed in Table XB the temperatures measured during the test shall, if
necessary, be corrected to determine the values which would correspond to operation at an

am

bient temperature of 25°C.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

110

UL 60601-1 JUNE 30, 2003

42.4 Not used.

42.5 Guards

Guards intended to prevent contact with hot accessible surfaces shall be removable only with the aid of

a TOoOL.

Compliance is checked by inspection.

43 Fire prevention

43.1 Strengthramd-rigrchty

equipmenT shall have the strength and rigidity necessary to avoid a fire hazard which mayto¢cu

as a result

of a total of partial collapse caused by the abuses to which it is liable to be subjected i’ norRMAL USE.

Compliance is checked by the mechanical strength test for encLosures (See Claltise 21).
43.2 *Oxygen enriched atmospheres

No general requirement.

*See rationale for 43.2
43pPDV D2 Modification of 43.2 by adding 43.2D¥.1 — 43.2DV.9.5:
*See rationale.for 43.2DV

43]2DV.1 These requirements only;apply to EQuiPMENT that is normally
regcommended for use with oxygen -ar*oxygen enriched atmospheres and for whic
paiticular requirements exist that{address the EQUIPMENT'S USe with oxygen o
entiched atmospheres. Sub-clause 43.2DV.9 is relevant to installation and the prod
end use and can be addressetby their inclusion in the product’s operation and installal
manual. The manual’'s reference should cover those details needed to reduce the ri
oxygen related hazards\

43PDV.2 In ordet to reduce the risk of fire caused by electrical components which 1
be|a source eflignition in oxygen enriched atmospheres, at least one of the follo
requirementS¢shall be satisfied in enclosed compartments of EQUIPMENT conNtai
atmospheres:

used or

N no
oxygen

uct’'s

fion

sk of

hight
ving
ning such

— Electrical components shall be separated from compartments in which

accumulation of oxygen can occur, by a barrier complying with the requireme
of 43.2DV.3 — 43.2DV.3.2.

nts

— Compartments containing electrical components shall be ventilated according

to the requirements of 43.2DV.4 — 43.2DV.4.2.

— Electrical components which, in NORMAL USE OF SINGLE FAULT CONDITIONS Can

be a

source of ignition, shall comply with the requirements of 43.2DV.5 — 43.2DV.5.2.
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43.2DV.2.1 equipment that is marked as specified in 43.2DV.7 and 43.2DV.8 or does not

contain an oxygen enriched environment within the

43.

2DV.2 — 43.2DV.6.1 and 43.2DV.9.

EQuiPMENT Need not comply with

43.2DV.3 Any barrier required under the provision of 43.2DV.2 and 43.2DV.2.1 shall be
sealed at all joints and at any holes for cables, shafts or for other purposes.

43.2DV.3.1 Compliance is checked by inspection and, if applicable, by the compliance test
described in 40.5, for encLosures with restricted breathing.

43.2DV.3.2 The internal overpressure of 4 hPa specified in 40.5 is not applicable when, in

NORWAT CONDTTTON; & PRESSURE thfferenceexistshetweenthe-spaces-separated-by-theba

Sug

43,
su(
not
vel

43.

43,
sug

43,

h cases the compliance test of 43.2DV.4 — 43.2DV.4.2 applies.

PDV.4 The ventilation required under the provisions of 43.2DV.2 and 43.2DVi22.1 s
h that the oxygen content in the compartment containing electrical components §
exceed 4 percent volume above the ambient level. If this requirementyis met by fd
tilation a ventilation failure alarm shall be provided.

PDV.4.1 Compliance is checked by the following test:

PDV.4.2 The oxygen concentration is measured under the following conditions an|
h a period that the highest possible concentration ef*0xygen occurs:

— SINGLE FAULT CONDITION.

— The oxygen flow shall be equal to.the’ maximum set-point value in NOR
— Selection of the least favorable;control settings.

— Mains supply voltage deviations of  +10 percent.

— The measurements:shall be repeated after 18 h during which the time the
supply voltage shall-have been switched off and the gas supply shall have

remained on.

— The raté_of air exchange in the test room shall be between 3 and 10 times
hour.

2DV.5\\Electrical circuits which can produce sparks or generate increased su

temperatures or which might otherwise be a source of ignition shall be so designed
nonl;gnition occurs. At least the following requirements shall be satisfied in NORMA

rier. In

hall be
hall
rced

d for

MAL USE.

per

rface
that
L CONDITIONS

and SINGLE FAULT CONDITIONS:

— The product of the value of the rms no load voltage and the rms value of the

short circuit current shall not exceed 10 VA.

— The surface temperature of components shall not exceed 300°C.
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43.2DV.5.1 Compliance is checked by the following test:

43.2DV.5.2 Voltages and currents in steady-state condition are measured or calculated
and surface temperatures shall be measured in NORMAL CONDITIONS and SINGLE FAULT CONDITIONS.

Note — Short- and open-circuiting of resistors, capacitors and inductances complying with the

requirements of IEC Publication 65, fourth edition, Clause 14, shall not be considered as

CONDITIONS.

SINGLE FAULT

43.2DV.6 External exhaust gas outlets shall be located at least 20 cm from any electrical

component mounted on the outside of the eQuipMENT Which can spark in

NORMAL CONDITION OrF

SINGTE FAULT CONDITION.
43PDV.6.1 Compliance is checked by inspection and/or measurement.

43PDV.7 Hospital beds intended for use with oxygen administering EQUIPMEN
marked with the following notice or equivalent wording: "CAUTION 3 Possible fi
whpen used with oxygen administering equipment of other than the nasal, mask or 1/2
length tent type. Oxygen tent should not extend below mattreSs support level
itional statement "Lock hand control at foot of bed when_using oxygen administ
ipment, " or similar wording shall be included wheré: applicable (see 43.2[
432DV.5.2). The letter height shall not be less than _2,8’mm (7/64 inch) for the
"CAUTION" and not less than 2,4 mm (3/32 inch) forthe remainder of the notic
malrking shall be located on the outside vertical surface of the foot panel of the bed w
regdily visible.

43pPDV.8 When provided on beds intended~for use with oxygen administering
pemdant controls for
atmosphere shall be marked "CAUTION'— Possible fire hazard if hand control is not
at [foot of bed when using oxygen-administering equipment ", or with an ¢
wording. The letter height shall not.ke less than 2,8 mm (7/64 inch) for the word !
and not less than 2,4 mm (3/32.nch) for the remainder of the notice.

432DV.9 Installation related’'items

43PDV.9.1 The use of-oxygen in therapy requires that special care be taken to prever
Any materials which will burn in air and some that will not are easily ignited and

rapidly in highwconcentrations of oxygen. Accordingly, for safety it is necessary that
soyrces of ignition be kept away from EQUIPMENT, such as an incubator, and prefe
of the room’ in which it is being used. "NO SMOKING" signs should be pro|
displayed-

T shall be
re hazard
bed

". An
ating
V.5 —
word
. The
here

EQUIPMENT,

PATIENT USe which_have not been found suitable for use in ¢xygen

locked
quivalent
CAUTION"

t fire.
burn

all

ably out
minently

43.2DV.9.2 A spontaneous and violent ignition may occur if oil, grease or greasy
substances come in contact with oxygen under PRESSURE. These substances must be kept
away from oxygen regulators, cylinder valves, tubing and connections, and all other
OXygen EQUIPMENT.
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43.2DV.9.3 On high pressure oxygen cylinders, use only approved reducing or regulating
valves marked for oxygen service. Do not use these valves for air or gases other than
oxygen, since they may be hazardous when returned to oxygen service. Such EQUIPMENT
must be operated strictly in accordance with manufacturer’s directions.

43.2DV.9.4 In view of these considerations, and to avoid the necessity for handling heavy
cylinders in the nursery, it is recommended that wherever possible, the high PRESSURE
oxygen equipMenT be located outside the nursery. In any event, cylinders in use should be
fixed in place so they will not be knocked over, and should be located as far as practicable

from the incubator.

43,
cy
Sp
o)
in

El

441 Gene

The constr
by overflow

44.2 Overl

If EQUIPMENT]
iN NORMAL U
which is lig
restricted
EQUIPMENT i

Complianc
equal to 15

TRANSPORTAA
(if necessa

After these

lopropane may explode if ignited. Such mixtures may be ignited by electrical(s
rk discharges, or high temperature surfaces, in addition to all other more_com
rces of ignition. Only  equipmenT designed for use in hazardous locations sheuld b
perating and delivery rooms. Refer to Article 517 of the ANSI/NERA" 70, N3
ctrical Code, for the use of flammable anesthetics.

, spillage, leakage, humidity, ingress of liquids, cleaning, sterilization, disinfection
ibility
ral

iction of equipmeNT shall ensure a sufficient degre€ of'protection against saFeTy HAzA
, spillage, leakage, humidity, ingress of liquids,.cleaning, sterilization and disinfect

ow

incorporates a reservoir or liquid storage chamber that is liable to be overfilled or
se, liquid overflowing from the reservoir or chamber shall not wet electrical safet
ble to be adversely affected hy_such a liquid, nor shall a sareTy HazarD be crea
y a marking or by the instfuetions for use, no sarety Hazarps shall develop if TR
tilted through an angle of.15°.

b js checked by filling:the liquid reservoir completely and subsequently adding a furtl
% of the capacity of the reservoir which is poured in steadily over a period of 1 m

LE EQUIPMENT-IS Subsequently tilted through an angle of 15° in the least favourable
ry with refifling) starting from the position of NORMAL USE.

procedures, eouirment shall show no signs of wetting of uninsulated rive parts

e and
tatic
mon

e used
itional

rRDS caused
on.

to overflow
y insulation
ed. Unless
IANSPORTABLE

her quantity
.

direction(s)

br electrical

insulation d

fparts which may cause a sarety HAzARD. For electrical insulation in case of doubt th

€ EQUIPMENT

shall be subjected to the dielectric strength test as described in Clause 20.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

114

UL 60601-1

JUNE 30, 2003

44.3 Spilla

ge

EQUIPMENT requiring the use of liquids in NormAL use shall be so constructed that spillage does not wet parts

which may

Ccause a SAFETY HAZARD.

Compliance is checked by the following test:

The eouipment is placed according to subclause 4.6 a). A quantity of 200 ml of normal tap water is poured
steadily on an arbitrary point on the top surface of the equipment, for approximately 15 s, from a height not

exceeding
After the te
44.4 *| eak

EQUIPMENT S
a SAFETY HA

Since only]

exempted from this requirement.

Complianc

By means
rupture, md

After thesq
FAULT CONDIT

44,5 Humi

EQUIPMENT, |
which it is

Complianc

5cm.
s - ittt . o »
age

hall be so constructed that liquid which might escape in a siNnGLE FAULT conbpiTion doe
ARD (See also subclause *52.4.1).

small amounts of liquid will escape when they leak, sealedorechargeable ba

P S checked by the following test:

ving parts being in operation or at rest, whicheyer is least favourable.

procedures, the eouirment shall comply with all the requirements of this Standaf
IONS.

*Seelrationale for 44.4
ity

ncluding any detachable-parts, shall be sufficiently proofed against the effects of
iable to be subjected\in’NORMAL USE.

b /s checked by the preconditioning treatment and tests (see Sub-clause 4.10).

CONDITION.

5 Not cause

\tteries are

of a pipette, drops of water shall be applied to céuplings, to seals and to hoses Wwhich might

d for siINGLE

humidity to
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44.6 Ingress of liquids

ENcLOSURES designed to give a specified degree of protection against harmful ingress of water shall provide
this protection in accordance with the classification of IEC Publication 529.

Compliance is checked by the tests of IEC 529.

equipvenT shall withstand the dielectric strength test specified in clause 20. Inspection shall show that
water which may have entered equipment can have no harmful effect; in particular, there shall be no trace
of water on insulation for which creepAGe pisTANCES are specified in subclause 57.10.

44.7 Clear
For EquipmE|
EQUIPMENT O

capable of
disinfection

Mg Sterizatromard-oisinfection
NT parts which come in contact with the paTiENT in NORMAL UsE, See Sub-clausé, 6:8.2
r EQUIPMENT parts, including appLiED PARTS and parts into which paTients may exha

withstanding without damage or deterioration of safety provisions thé ¢leaning, ste
processes which are likely to be encountered in normaL use or WhHich are spec

manufacturer in the instructions for use.

Should the
EQUIPMENT &
Sub-clause

Complianc
with the me
with satura
has cooled|
treatment
dielectric s
44.8 *Com

No general

45 *pressu

The requirg

instructions for use restrict cleaning, sterilization or disififection to specific meth
s a whole or for parts of it, then only these specified ‘methods shall be applied
6.8.2d).

b js checked by sterilizing or disinfecting the equipiyent or eQuiPMENT parts 20 times in
thods specified. If no special method of sterilization or disinfection is specified, the
fed steam at 134°C + 4°C for 20 cycles, eath of 20 min duration (with intervals un
to room temperature). There shall be no-appreciable signs of deterioration. At the
ind after an adequate cooling and drying period, eouipvenT or parts of it shall wi
rength test specified in Clause 20:
patibility with substances used- with the equiPMENT
requirement.

*See rationale for 44.8
RE vessels and parts subject to  PRESSURE

*See rationale for 45

mehts of this clause apply to vessels and parts subject to pressure, the rupture of

d).

e, shall be
rilization or
fied by the

ods for the
. See also

accordance
est is made
til EQUIPMENT

end of the
fhstand the

vhich could

cause a SAFETY HAZARD.

45.1 Not used.
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45.2 *If a pressuRrE vessel has a pressure volume greater than 200 kPa x |, and pressure greater than 50
kPa, it shall withstand the HYDRAULIC TEST PRESSURE.

Compliance is checked by the following tests:

The test pressure shall be the maximum PERMISSIBLE WORKING PRESSURE multiplied by a factor obtained from
Figure 38.

The pressure is raised gradually to the specified test value and shall be held at that value for 1 min. The
sample shall not burst nor suffer from permanent (plastic) deformation nor leak. Leakage at a gasket
during this test is not considered to constitute failure unless it occurs at a pressure below 40% of the

required te

No leakag

substances.

Where pipé
these may

st-vattre, or-betow-the mAxmoM PERVISSIBTE WORRING PRESSURE, WHICHevertsgreater—

al

is allowed for pressure vessels intended for toxic, flammable or otherwise

work and fittings (e.g. of steel and copper) made to relevant National Standards a
be considered to have adequate strength.

Where unnparked pressure vessels and pipes cannot be hydraulically tested, integrity shall be

other suita
test.

45.3 *The
CONDITION SH

The maxim
a)
b)

c)

asy

Complianc

45.4 Not u

ble tests, e.g. pneumatic using suitable media, at the same“test pressure as for th

*See rationale for 45/2

maximum pressure to which a part can be“subjected in normaL conbiTion and
all not exceed the maxiMum PERMISSIBLE WORKING PRESSURE for the part.

um pressURE iN use shall be considered to be whichever is the highest of the folloy
the raTED maximum supply presSURE from an external source;
the pressure setting of a-pressure-relief device provided as part of the assembly;

the maximum pressURE that can be developed by an air compressor that is part of
embly, unless the pressure is limited by a pressure-relief device.

b /s checked Dy inspection.
*See rationale for 45.3

sed)

hazardous

e provided,

verified by

e hydraulic

BINGLE FAULT

ving:

the

45.5 Not used.

45.6 Not used.
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45.7 equirment shall incorporate pressure-relief device(s) where excessive pressure could otherwise occur.

A PRESSURE-

relief device shall comply with all of the following requirements:

a) it shall be connected as close as possible to the pressure vessel or parts of the system that
it is intended to protect;

b) it shall be so installed that it is readily accessible for inspection, maintenance and repair;

c) it shall not be capable of being adjusted or rendered inoperative without the use of a Toot;

d)
dirg

e)
not

f)
MA
the

9)
intq

h)
Complianc
The contro
RATED load
setting of t
45.8 Not u
45.9 Not u

45.10 Not

46 *Human errors

it-shat-haveitsdtschargeopening—sotocatedanddirected-that thereteasedmate
pcted towards any person;

it shall have its discharge opening so located and directed that operation ofithe d¢g
deposit material on parts which may cause a SAFETY HAZARD;

t shall be of adequate discharge capacity to ensure that the rressure will not exce
IMUM PERMISSIBLE WORKING PRESSURE Of the system to which it is confiected by more th
event of a failure in the control of the supply PRESSURE;

there shall be no shut-off valve between a pressure-relief-device and the parts tha
nded to protect;

the minimum number of cycles of operation shalkbe 100 000, except for bursting
b s checked by inspection and functional.test.

for 100 000 cycles of operation akd shall prevent the pressure from exceeding
e pressure-relief device undersany condition of NORMAL USE.

sed.

sed.

Lsed.

*See rationale for 46

ial is not

vice will

pd the
an 10% in

itis

Hisks.

device responsible for limiting the pressure in the vessel shall be capable of perfoming under

90% of the

Not used.

47 Electrostatic charges

Not used.
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48 Biocom

patibility

Parts of equipvenT and accessories intended to come into contact with biological tissues, cells or body
fluids, shall be assessed and documented according to the guidance and principles given in ISO 10993-1.

Compliance is checked by inspection of the information provided by the manufacturer.

49 *Interru

ption of the power supply

*See rationale for 49

49.1 THERM
cause a sa

Complianc

49.2 *eQuiA
result in a

Complianc

49.3 Mean
of failure of

Complianc
49.4 Not u

SECTION
HAZARDO

50 Accura
50.1 Mark

Not used. §

L e ) - - L Ll L L
KT CUT-OUTS at OVER-CURRENT RELCEASES Witim—attontatieresetting—snharrot-oe—tused

ETY HAZARD by such resetting.
b s checked by a functional test.

ent shall be so designed that an interruption and restoration of the\power supp
AFETY HAZARD Other than interruption of its intended function.

b s checked by interruption and restoration of relevant power.supplies.
*See rationale for 49.2

S shall be provided to allow the mechanical constraints on a paTiEnT to be removed
the suppLY MAINS.

b s checked by functional testing.

Sed.
FIGHT — ACCURACY OF OPERATING DATA AND PROTECTION AGAINST
US OUTPUT

Ly of operating data
ng of controls andihstruments

bee Sub-clause’ 6.3.

if they may

ly shall not

n the event
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50.2 Accuracy of controls and instruments

Not used.

51 Protection against hazardous output

51.1 *Intentional exceeding of safety limits

No general

requirement.

*See rationale for 51.1

51.2 *Indid

No general

51.3 Relia
Not used (3
51.4 Accid
Where Eequ
outputs for
intensity ou
output term
Complianc

51.5 *Inco

No general

ental selection of excessive output values

P jS checked by inspection.

[rect output

ation of parameters relevant to safety
requirement.

*See rationale for 51.2
bility of components

ee also Sub-clause 3.61)).

PMENT iS a multi-purpose unit designed for providing both low-intensity and hi
different treatments, appropriate steps shall\be taken to minimize the possibilit
tput being selected accidentally e.g. interlocks in order to achieve deliberate action
inals.

requirement.

*See rationale for 51.5

ph-intensity
y of a high
, separated
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SECTION NINE — ABNORMAL OPERATION AND FAULT CONDITIONS; ENVIRONMENTAL TESTS

Note — The content of this Section has been augmented and rearranged, to include a wider range of hazards and
their possible causes.

52 Abnorm

al operation and fault conditions

52.1 equirmenT shall be so designed and manufactured that even in SINGLE FAULT CONDITION NO SAFETY HAZARD
exists (see Sub-clause 3.1 and Clause 13). Additionally the safety of equipmEnT incorporating
programmable electronic systems is checked by applying the rules of the future IEC Collateral Standard
601-1-4 (see Appendix L).

It is assumed
Complianc

The introdd
lead direct

52.2 Notu
52.3 Not u
52.4 The f
5241 *
-6
—d

-t
52)

that equipvenT is operated according to the conditions of normaL usg, unless specified otherwise inthef

b /s fulfilled if:

ction of any of the sincLe FauLT conpiTions described in Sub-clause 52.5,yone at a tin
Y to any of the sarety HazarDs described in Sub-clause 52.4.

Sed.
sed.

bllowing sareTy HAzARDs shall be taken into consideration:

mission of flames, molten metal, poisonous or ignitable substance in hazardous q
eformation of encLosures to such an ‘extent that compliance with this Standard is ir

bmperatures exceeding the maximal values shown in table Xl, during the tests of s
5.10 d) through 52.5.10 /)These temperatures apply for an ambient temperature

Table XI
Maximum temperatures under fault conditions

bllowing tests.

e, does not

hantities;
npaired;

ub-clauses
of 25°C.

RParts Maximum temperatures °C

Walls, ceiling
Supply cord}
SUPPLEMENTAR
materials

175
175
1,5 times the values shown in Table XB minu

and floor-efthe test corner?)

and\reinrForcep INsuLaTion other than thermoplastic

b 12,5°C

1) For motor

operated equipvenT without heaters, these temperature measurements are not made.

Temperatures shall be measured as prescribed in Sub-clause 42.3 4).

The requirements of Sub-clause 52.1 and the corresponding tests shall not be applied to components the
construction or the supply circuit of which limits the power dissipation in siNGLE FAULT conpiTion to 15 W or

less.

After the test of Sub-clauses 52.5.10d) through 52.5.10h), the insulation between the mains parT and the
EncLOsURE, When cooled down to approximately room temperature, shall withstand relevant dielectric
strength tests.
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However the tests according to this sub-clause shall be performed in the sequence indicated in Appendix
C (C23, C25, C26, C27).

For suppLEMENTARY and REINFORCED INsuLATION Of thermoplastic materials, the ball-pressure test specified in
Sub-clause 59.2b) is carried out at a temperature 25°C higher than that measured during these tests.

For equipment Which is immersed in, or filled with, conducting liquid in NormAL usk, the sample is immersed
in or filled with the conducting liquid or water, as appropriate, for 24 h before the dielectric strength test
is made.

After the tests of this section THERMAL cuT-ouTs and over-cuRRENT RELEASES Shall be inspected to determine
that their settimgtasnotchanged—thy heating;—vibrationmorothercauses)sufficrentty-to—affectitheir safety
function.

*See rationale for 52.4.1

52}4.1DV DE Modification of 52.4.1 by replacing the second paragraph with the follgwing
tex:

The requirements of 52.1 and the corresponding tests shall not*be’applied to components
when their construction or the supply circuit limits the power ‘dissipation in BINGLE FAULT
coNpiTion to 15 W or less.

52.4.2

— Bxceeding of the limits for LEAKAGE CURRENT in SINGLE FAULT conpiTion as indicated in Sub-clause
193, Table IV;

— Bxceeding of the voltage limits in case of a sinGLE FAULT conpiTioN (in & BAsIC INSULATIQN) for the
paits indicated in Sub-clause 16a) 5)-
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52.4.3 Starting, interrupting or locking of movements, particularly for equipmenT (parts) supporting, lifting or
moving masses (including paTiENTS) and suspension systems of masses in the vicinity of paTiEnTs. See also
Clauses 21, 22 and 49.

52.5 The following sinGLE FAULT conpiTioNs are the subject of specific requirements and tests:

During the insertion of only one fault at a time, AR cLearances and creepace pisTANCEs for which
requirements are specified in this Standard but are less than the specified value shall be short-circuited
simultaneously or consecutively in a combination which produces the less favourable result. See also

Sub-clause

s 17a) and 17g).

52.5.1 Ovs
Tests are d
52.5.2 Fall

THERMOSTATY
and 56.6 fd

52.5.3 Shg
Each cons
52.5.4 Intg
Tests are ¢
52.5.5 Imp

Contrary td
practice ar

— S

-V

- b

1 iuo.u';l IU Uf |||ai| [IS) auppiy tl al IDfUI LLLL=1RS) ;I 1 EQUIFMENT
escribed in Sub-clause 57.9.

Lre of THERMOSTATS

are short-circuited or interrupted, whichever is less favourable. See-also Sub-clau
r overloading situations.

rt-circuiting of either constituent part of a DOUBLE INSULATION
ituent part of a pousLe INnsuLATION IS short-circuited independently.
rruption of the  PROTECTIVE EARTH CONDUCTOR
escribed in Sub-clause 19.4.

airment of cooling

possible statements in the insttuctions for use impairments of cooling which m
b simulated, for example:

ingle ventilation fans are-locked consecutively;

entilation throughi openings in top and sides is impaired by,
e coveriflg' of openings in the top of the encLosure, or
e\pasitioning of equipmeNnT against walls;

locking of filters is simulated;

ses 52.5.10

[y occur in

— the flow of a cooling agent is interrupted.

Temperatures shall not exceed 1,7 times the values of Clause 42, Tables XA and XB, minus

17,

5°C. Test conditions of Clause 42 are applied as far as possible.
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52.5.6 Locking of moving parts

Moving parts are locked if EQuiPMENT:

—h

as accessible moving parts liable to be jammed, or

— Is liable to be operated while unattended (this includes equipment which is automatically or
remotely controlled), or

— has one or more motors with a locked rotor torque smaller than the full load torque.

If EQUIPMENT
further test

52.5.7 *Int

Motors wit
capacitor s

The test W
complying
or remote (

For further

52.5.8 *Ad
For every

exemptions
CONDITION, &

a)

b)

has—more—tharmonme—moving-partas—tescribetabove,onty-onepart-at-a—tmre—Ts
requirements see Sub-clause 52.5.8.

brruption and short-circuiting of motor capacitors

1 a capacitor in the circuit of an auxiliary winding are operated with a locked rof
hort-circuited or open-circuited in turn.

ith a short-circuited capacitor is not performed if the motor is provided with
with IEC Publication 252 and eouipment is not intended for wnattended use (includin
tontrol).
tests, see Sub-clause 52.5.8.
*See rationale for'52.5.7

ditional tests for motor operated EQUIPMENT
fest in the sinGLE FauLT conbiTion Of Sub-clauses 52.5.6 and 52.5.7, taking into
stated in Sub-clause 52.4.1,wthotor-operated equipment shall be operated starting
[t RATED VOltage or at the uppek-limit of the ratep voltage range for the following peri
30 s for:

— HAND-HELD [EQUIPMENT,

— equirMENT Which has to be kept switched on by hand,

—EQuiPMENT Which has to be kept under physical load by hand;

Jocked. For

or, with the

h capacitor
) automatic

iccount the
y from coLp
bds of time:

5.min for other eouiPmenT not intended for unattended use;

c) for the maximum period of a timer, if such a device terminates the operation, for eQuiPMENT
not listed under a) or b);

d) as long as necessary, to establish steady thermal conditions for all the remaining EQuiPMENT.

Note — equipment which is automatically or remotely controlled is regarded as

equipmenT for unattended

use.

Temperatures of windings are determined at the end of the specified test periods or at the instant of
operation of fuses, THERMAL cuT-ouTs, motor protective devices and the like.
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Temperatures are measured as specified in subclause 42.3 4).

Temperatures shall not exceed the limits of Table XII.

Table XII

Temperature limits of motor windings, in °C

Insulation class
Type of equiPMENT Class A | ClassB [ClassE |[Class F [Class H
eqQuipmenT provided with a timer and not intended for
unattended use and equipvent to be operated for 30 s or 5
min 266 225 245 240 260
Other gouiPMENT
1 if impedance-protected, maximum value 150 175 165 190 210
1 if protected by protection devices which operate 200 225 215 240 260
uring the first hour, maximum value
+ after the first hour, maximum value 175 200 190 215 235
+ after the first hour, arithmetic average 150 175 165 190 210
*See rationale for 52.5.8
52.5.9 Faifure of components

Failure of g

This requiri
Capacitors
polarity of §
simulated.

NO

52.5.10 O

a)

ne component at a time, which failure could cause a sarety HazArRD a@s mentioned in|Sub-clause
52.4, is sinpulated.

bment and relevant tests shall not be applied to failures of pousLE OF REINFORCED INSYLATION.

(X1 and X2) complying with IEC 38414, which are connected between parts ppf opposite
e mains PART, are exempted from thisrequirement. Thus, failure of such capacitors shall not be

[E — For information concerning.X4.and X2, see IEC 384-14, subclause 1.5.3.

erload

EouiPmeENT having héating elements is checked for compliance as follows:

1) fopthermostatically controlled eouipment having heating elements, which is|intended

fof built-in or for unattended operation, or which has a capacitor not protected by a fuse
ar'the like connected in parallel with the contacts of the tHermosTAT: by the tegts of Sub-
Clauses 52.5.10c) and 52.5.10d);

2) for equipmenT having heating elements with short-time rating:

by the tests of Sub-clauses 52.5.10c) and 52.5.10e);

3) for other eouirmenT having heating elements:

by the test of Sub-claus

e 52.5.10c).

If more than one of the tests is applicable to the same eouipmenT, these tests shall be made
consecutively.
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If, in any of the tests, a non-seLF-RESETTING THERMAL cUT-oUT operates, a heating element, or an
intentionally weak part ruptures, or if the current is otherwise interrupted before steady
conditions are established without the possibility of automatic restoration, the heating period is
ended. However, if the interruption is due to the rupture of a heating element or of an
intentionally weak part, the test shall be repeated on a second sample. Open circuiting of a
heating element or of an intentionally weak part in the second sample does not in itself entail a
failure to comply. Both samples shall comply with the conditions specified in Sub-clause 52.4.1.

b)

eouipMENT having motors is checked for compliance as follows:

1) for the motor part of the eouipmenT, by the tests of Sub-clauses 52.5.5 through 52.5.8

c)
wit
Vo

=

If &
the
op
Swj
to

Fo
tim

d)

(2o W R WY AN Jodo o d Ol TH ol
aria Jd4. 9. LUl uanouyrr 9<.9.LUINJ, ds aPuuliauic,

2) for eouipmENT CcOntaining motors as well as heating parts, the tests shall-be
at the prescribed voltage, with the motor part and the heating part gperated
simultaneously so as to produce the least favourable condition;

3) if more than one of the tests is applicable for the same eguiPMENT, theSe tg
made consecutively.

EouirmMENT having heating elements is tested under the cohditions specified in Clau
hout adequate heat discharge, the supply voltage being 90% or 110% of the RATED
fage, whichever is the least favourable.
Nnon-seLF-RESETTING THERMAL CUT-OUT Operates, orifithe current is otherwise interrupf
possibility of automatic restoration before steady thermal conditions are establish
brating period is ended. If interruption of the~Current does not occur, equiPMENT Sha
tched off as soon as steady thermal conditions are established and shall be allowi
hpproximately room temperature.

" eQuiPMENT With short-time ratingithe duration of the test shall be equal to the raTe
e.

Heating parts of equipvenT are tested under all of the following conditions:
1) as specified in Clause 42;
2) with.ihe eouiPmMENT Operated in NORMAL CONDITION;

3)\with a supply voltage being 110% of the ratep supply voltage;

performed

Sts are

5e 42, but
supply

ed without
bd, the

be

pd to cool

b operating

4) disabling any control which serves to limit the temperature required in Sed

tion

Seven, except a THERMAL cuT-OUT;

5) if the eouipmeNT IS provided with more than one control, they are disabled in turn.

e) Heating parts of equipment are additionally tested under all of the following conditions:

1) as specified in Clause 42;
2) with the eqouiPvENT Operated in NORMAL CONDITION;

3) with a supply voltage being 110% of the raTep supply voltage;
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4) without any control which serves to limit the temperature required in Secti
disabled;

on Seven

5) until steady thermal conditions are established, irrespective of the ratep operating

time.

f) Motors are checked for running overload protection if they are:

by

RAT

1) intended to be remotely controlled or automatically controlled, or

2) liable to be operated continuously whilst unattended,

operating equipment under normal load conditions at ratep voltage or at the maxif

=D voltage range, until steady thermal conditions are achieved (see Section.Severn).

Um of the

The load is then increased so that the current is increased in appropriate,steps, the supply
volfage being maintained at its original value.
When steady thermal conditions are established, the load is again‘iocreased. The logdd is thus
prdgressively increased in appropriate steps until the overload protection operates, of until no
further temperature rise is noted.
The motor winding temperature is determined during each steady period and the maximum
value recorded shall not exceed:
Insulation clgss A B E F H
Maximum temperature °C 140 165 155 180 200

Ift
EQU

9)

he load cannot be changed in appropriate steps in eouiPMeNT, the motor is removed
iPMENT N order to perform the test:

EQUIPMENT RATED for sHORT-TIVENOI INTERMITTENT OPERATION Other than:
— HAND-HELD EQUIPMENT,
— eouipvenT. Which has to be kept switched on by hand;
— equipmENT Which has to be kept under physical load by hand;

—\eoUiPMENT With a timer and a back-up system;

is {

pperated under normal load and at ratep voltage or at the upper limit of the raTep

from the

oltage

range until steady thermal conditions are established, or until the protective device operates.

Motor winding temperatures are determined when steady thermal conditions are established or
immediately before the operation of the protective device and shall not exceed the values
specified in Sub-clause 52.5.8.

If in normAL use a load-reducing device in eouiPmMENT Operates, the test is continued with eQuiPMENT
running idle.
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h) eouirmenT with three-phase motors is operated with normal load, connected to a three-phase
(suppLy mains) with one phase disconnected. Periods of operation shall be according to Sub-

cla

use 52.5.8.

53 ENVIRONMENTAL TESTS

See Sub-cl

ause 4.10 and Clause 10.

SECTION TEN — CONSTRUCTIONAL REQUIREMENTS

54 *General

The followi

insofar as the safety of equipmeNT is concerned.

The aim is
in design a

As allowed

those deta
Section arg
term "shall
54]
wit]
Th
red
acq
54.1 *Arra
Not used.

*See rationale for 54

Ng requirements in Section Ten specify details of the electrical and meghanical ¢

o specify requirements in such a manner as to allow manufacturers.the widest pos
hd construction.

in Sub-clause 3.4, a manufacturer may make use of matefials and constructions di

led in this Section, if an equivalent degree of safety is-obtained. The requirem

considered as not more than one means of achieving the required degree of saf

, where used, should be understood accordingly:

DV DE Modlfication of 54 by replacing the sécond sentence of the third paragrap
h the following text:

p requirements of this section are not:to be considered the only means of achieving
uired degree of safety and the-ierm
ordingly.

hgements of functions

*See rationale for 54.1

onstruction

sible choice

ffering from
bnts of this
ety and the

the

"shall,” where used, should be ungerstood
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54.2 *Serviceability
Not used.
*See rationale for 54.2
54.3 *Inadvertent changing of settings
Not used.
*See rationale for 54.3
55 encLosuRes and covers
Not used. $ee Clauses 16, 21 and 24.
55DV D2 Addition of 55DV.1 — 55DV.5:
*See rationale for 55DV
55PV.1 The following requirements are additionally used to ‘evaluate polymeric ENCLOSURES

angl covers:
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55DV.2 Conductive coatings applied to nonmetallic surfaces shall comply with the
applicable requirements in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C, unless it can be determined by investigation that flaking

or peeling of the coating does not result in the reduction of spacings or the bridging of LIVE
parts that may present a risk of injury.

55DV.3 Flame Spread
55DV.3.1 An external surface of combustible material having an area of more than 9,47 m

(100 ft2) or a single dimension of 3,7 m (12 ft) — including a diagonal — shall have a flame
spread rating of 75 or less when subjected to the Steiner Tunnel Test in ASTM E 84, Test

55DV.3.2 An external surface of combustible material having an area of more than“4,y4 m 2
(50 or less
wh Lirface

Flammability of Materials Using a Radiant Heat Energy Source), or the steiner tunnel test
(AS$TM E 84, Test Method for Surface Burning Characteristics of Building Materials).

55PV.4.1 In addition to the other requirements in this Standard, flammability, mechanical
ablise and mold stress tests shall be conducted. Polymieric EncLosurRes and covers shall
comply with the requirements for resistance to impact and drop as indicated below, |Jand

the| requirements for mold stress release distortion.in the Standard for Polymeric Matefials

— Use in Electrical Equipment Evaluations, UL 746C. The minimum flammability rating for
TRANSPORTABLE EQUIPMENT Shall be V-2, and V-0~for FIXED EQUIPMENT OI STATIONARY EQUIPMENT.

55PV.4.2 Flammability tests are not reguired for ENcLOSURES housing only circuits supplied
fron a source, which is separated frem'the suppLY MAINS, by one of the methods described
in 17 g), and where the available power does not exceed 15 W.

55DV.4.3 The top, sides, and\front of the  encLosure shall withstand a single impac} of 6,78
N-th (5 ft-Ib) without exposing Live electrical components or connections or develdping a
risk of electric shock, fife, or injury to persons. The impact applied is to be obtained ffom

a dJolid, smooth, ste€lysphere 50,8 mm (2 inch) in diameter and weighing approxinjately
0,535 kg (1,18 In).)The sphere is allowed to fall freely from rest through the disfance
required to cause ‘it to strike the top of the EncLosurRe With an impact of 6,78 N-m (5 ft-lb).
For surfaceswother than the top of the  encLosure the sphere is to be suspended by a cord
and allowedto fall as a pendulum through the distance required to strike the surface with

the| specified impact. The encLosure is placed so that the surface tested is vertical andl in the
sarpe vertical plane as the point of support of the pendulum. Parts of the ENCLosquE that may
interfere with the cord of the pendulum are to be removed.

55DV.4.4 An appliance intended to be hand-held or hand-guided shall withstand a drop
test without exposing wuve electrical components or connections or developing a risk of
electric shock, fire, or injury to persons. Each of three samples of the appliance is to be
dropped three times from a height of 1,22 m (4 ft) onto a tile covered concrete surface, in
such manner as to test the component whose failure would create a risk of fire or electric
shock in the most severe manner.

55DV.5 See also Clause 16, Clause 21 and subclause 59.2.
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55.1 *Materials
Not used.
*See rationale for 55.1
55.2 *Mechanical strength
Not used.

*See rationale for 55.2

55.3 Accesp covers
Not used.
55.4 Grips|and other handling devices
Not used. [Moved to Sub-clauses 21c) and 24.6.
56 Compohents and general assembly
56.1 Geneal

a) [Not used.

*b)| Marking of components

R

QD

ings of components shall not conflict:with the conditions of use in equiPMENT.

Alllcomponents in the mains parT anid in the aprpLieD PART shall be marked or otherwise jdentified
so [that their ratings can be ascefrtained.

The markings may be integral with the parts themselves, or made available by referepce to
cornstruction drawings, parts lists, or in the ACCOMPANYING DOCUMENTS.

Compliance is chécked by inspection of the ratings of components to ascertain that o conflict
exists with theccondition of use in EQUIPMENT.

¢) |Suppotting of components

Nof used.

d) Component fixing

Components, the unwanted movement of which could result in a sareTy HAzARD, shall be
mounted securely to prevent such movement.

Compliance is checked by inspection.
e) Resistance of components to vibration.

Not used.
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f) Fixing of wiring

Conductors and connectors shall be so secured and/or insulated that accidental detachment
shall not result in a sarety HazarD. They are not considered to be adequately secured if on
breaking free at their joint and moving about their support point they are capable of touching
circuit points giving rise t0 @ SAFETY HAZARD.

One instance of breaking free shall be considered to be a SINGLE FAULT CONDITION.

Compliance is checked by inspection.

*Seetationatefor 56t
56.2 Screws and nuts
Not used.
56.3 Conngctions — General
For connedtions and connectors in the mains PART See Sub-clauses 57.2%and 57.5.
a) [Construction of connectors
Depign and construction of electrical, hydraulic, pnedmatic and gas connection terminals and
comnectors shall be such that incorrect connection:of accessible connectors, removalle without
the| use of a TooL, shall be prevented where a sAreTY HAZARD May be caused.
— Connectors shall comply with Sub*clause 17g).
— Plugs for connection of paTienT circuiT leads shall be so designed that they ¢annot be
connected to other outlets.0h the same equipment intended for other functions| unless it

can be proven that no sAreTy HAZARD can result.

— Medical gas connections on equipment for different gases to be operated in NormAL USE
shall not be intérchangeable. See also Sub-clause 6.6 and ISO Recommendation R407.

Compliance is chécked by inspection, if possible by interchanging of connections, to pstablish
thg absence of.a SAFETY HAZARD (LEAKAGE CURRENT exceeding the values in NOrRMAL CONDITION,

mdvement,_temperature, radiation, etc.).

b) |Connections between different parts of equipmenT. See also Clause 58.

Detachable flexible cords used for interconnection of different parts of equipment shall be
provided with means for connection such that accessisLe METAL PARTS cannot become uive when a
connection is loosened or broken due to the disengagement of one of the connecting means.

Compliance is checked by inspection and measurement and, if necessary, by a test with the
standard test finger according to Sub-clause 16a).

*c) Any connector in a lead having a conpucTive connEcTION t0 @ PaTIENT Shall be constructed in
such a manner that no conoucTive connecTion Of that part of the said connector which is remote
from the paTiENT Can contact earth or possibly hazardous voltages.
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Compliance is checked by inspection and by applying to the conpbuctive connecTion Of that part of
the connector identified above those of the following tests which are applicable:

56,

56
cof
as

56,

— the said part shall not come into contact with a flat conductive surface of not less than
100 mm diameter;

— for single-pole connectors, the straight unjointed test finger with the same dimensions
as the standard test finger of figure 7 shall not make electrical contact with the said part
if applied in the least favourable position against the access openings with a force of 10
N+ 2N;

—if-abteto-bepruggecHintoamarms-socketthe-sard-part-shait-beprotected-flom

making contact with parts at mains voLTaGe by insulating means providing a.€REePAGE

pistance of at least 1,0 mm and a dielectric strength of 1 500 V.
*See rationale for 56.3

3DV DR Modification of item (a) by adding 56.3DV.1 and 56.3DV.2:

*See rationale for 56.3DV

BDV.1 A connector, plug, pin, or the like that is attached-to a PATIENT-CONNected lead or

tact shall be constructed so that it cannot engage any“part on the EQUIPMENT + including
pparable cord set — that can introduce a risk of eléetric shock, fire, or injury to persons.

3DV.2 In addition to the above requirement,\a connector, plug, pin or the like that is

attached to a paTiENT-CcONNected lead or contaet, and that is used with a product thgt may

be
ins

ouflet or separable cord set.

56.4 *Con

-
PAR

-(
PAR

=
sha

used without professional supervision,“shall be constructed so that it cannof be
brted or otherwise manipulated to make' contact with the LIvE parts of a power receptacle
hections of capacitors

apacitors shall not be connected between Live parts and NON-PROTECTIVELY EARTHED ACCESSIBLE
rs where the failure of Such a capacitor could result in AccessiBLE PARTS becoming L|VE.

apacitors conngcted directly between the mAINS PART and PROTECTIVELY EARTHED ACCESSIBLE METAL
rs shall comply with the requirements of IEC Publication 384-14 or equivalent.

he enelasure of capacitors connected to the mains parT and providing only Basic INSPLATION
|l not be secured directly to NON-PROTECTIVELY EARTHED ACCESSIBLE METAL PARTS.

— Capacitors or other spark-suppression devices shall not be connected between the contacts
of THERMAL cuT-oUTS.

Compliance is checked by inspection.

*See rationale for 56.4
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56.5 Protective devices

equipmenT shall not be fitted with protective devices which cause disconnection of the equipment from the
suppLY MAINS by producing a short-circuit which results in operation of an overcurrent protection device. See

also Sub-cl

ause 59.3.

Compliance is checked by inspection.

56.6 Temperature and overload control devices

a)

Application

Co

Th

THH

conditions described in Section Nine.

SEL|

op
No

Du
the

— THERMAL cuT-ouTs With a safety function which have to be reset by a soldefin
which may affect the operating value shall not be fitted in eQuiPmeNT.

— Thermal sareTy pevices shall be provided where necessary to prevent opera
temperatures exceeding the limits specified in Section Nine and_ in Sub-claus

— Where a failure of a tTHermosTAT could constitute a sarety ¥iazarp an indepen
SELF-RESETTING THERMAL cuT-ouT shall additionally be provided. The temperature
operation of the additional device shall be outside that attainable at the extre
of the normal control device but shall be within the safe temperature limit for
intended function.

— Where the consequent loss of function af\equipmenT caused by operation of
CUT-OUT presents a sarety HAzarD, an audible warning shall be given.

mpliance is checked by inspection and, if-applicable, by the following tests:

brmal saFETY DEVICES may be tested-separately from eQuiPMENT.

RmAL cuT-ouTs and over-cURRENT RELEASES Shall be tested by operating the equiPMENT
F-RESETTING THERMAL CUT-OuTs and self-resetting over-currenT ReLEAses Shall be cause
brate 200 times.

n-self resetting ‘over-cURRENT RELEASES Shall be caused to operate 10 times.

ring the\tests, forced cooling and resting periods may be introduced to prevent da
EQuIPMENT. After the tests, the samples shall show no damage impairing their furthj

g operation

ing

b 57.9.
Hent non-
of

ne setting
ts

A THERMAL

Lnder the

f to

nage to
er use.

equipmenT Which incorporates a fluid filled container having heating facilities shall be provided
with a sareTy pevicE to safeguard against overheating in the event of the heater being switched
on with the container empty, if dangerous overheating can occur in the absence of fluid.

Compliance is checked by operating the relevant equipment with an empty container. No
overheating shall occur which causes damage to the equiPMENT resulting in a SAFETY HAZARD.

b)

Temperature settings

— Where means are provided for varying the temperature setting of THermosTATs, the

temperature setting shall be clearly indicated.
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— The operating temperature of THErRMAL cuT-ouTs shall be clearly indicated.

Compliance is checked by inspection.

56.7 Batteries

a)

Housing

Housings containing batteries from which gases can escape during charging or discharging
shall be ventilated to minimize the risk of accumulation and ignition.

Ba . . ) .
baJ:ery where such short circuits could result in a saFeTY HAZARD.

Co
b)

If 4
EQU

Su

Co

*C)

N

o

mpliance is checked by inspection.

Connection

SAFETY HAZARD Might develop by the incorrect connection or replacement of a batte
ipvenT shall be fitted with a means of preventing incorrect polarity of connection. S
D-clause 6.2d).

mpliance is checked by:

1) Establishing whether there is a possibility of making an incorrect battery ¢

2) Where such a possibility exists, establishing the effect of an incorrect batt
connection.

Battery state
general requirement.

*See rationale for 56.7

iting the

ry,
ee also

pnnection.

Ery
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56.8 Indicators

Unless indication is otherwise apparent to the orerator from the normal operating position, indicator lights
shall be provided:

— to indicate that equipmeNT iS energized (see subclause 6.3 a)).

— On equirpMENT incorporating non-luminous heaters to indicate that the heaters are operative if a
SAFETY HAZARD could result.

Thi

s does not apply to heated stylus-pens for recording purposes.

=
Cirg

Co

In EQuUIPMEN
shall be vig

o indicate that an output exists where an inadvertent or prolonged operation of.the
uit could constitute a SAFETY HAZARD.

ours, of indicator lights are described in Sub-clause 6.7.

[ incorporating a means for charging an INTERNAL ELECTRICAL POWER“SGURCE the cha
ibly indicated to the operaTOR.

b output

'ging mode
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Compliance is checked by inspection of the presence and function of indicating means visible from the
position of NORMAL USE.

56.9 Pre-set controls

Not used.

56.10 Actuating parts of controls
a) Protection against electric shock
AC(ESSTBrEPARTS Ofefectricatcontrots—shattcompty-with-theregairementsof-Sub-ctause 16¢).
b) |Fixing, prevention of maladjustment

— All actuating parts shall be so secured that they cannot be pulled-off or woik loose
during NORMAL USE.

— Controls, the adjustment of which can present a sarFety HAZARD tO the paTiENT|OF
operATOR While EquipMENT is in use, shall be so secured that the indication of any scale
always corresponds with the position of the control.

The indication in this case refers to "On" or "Qff{*position, scale markings or |other
indications of position.

— Incorrect connection of the indicating device to the relevant component shall be
prevented by an adequate constructiery if it can be separated without the use of a TooL.

Compliance is checked by inspection and*manual tests. For rotating controls, the torques as
shown in Table XlII shall be applied between the control knob and the shaft for not lgss than
2 in each direction alternately. The test shall be repeated 10 times.

The knob shall not rotate withirespect to the shaft.

If gn axial pull is likely to.be applied in normaL use, compliance is checked by applying for 1 min
an|axial force of 60(Nyfor electrical components and 100 N for other components.
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Table XIII
Test torques for rotating controls

Gripping diameter of control knob Torque
(mm) (Nm)

10<d<23 1,0

23<d<31 18

31<d<41 2,0

41<d<56 4,0

56<d<70 5,0

Std
co
vic

Co
Shq

Limitation or movement

ps of adequate mechanical strength shall be provided on rotating or movable_part
trols, where necessary to prevent an unexpected change from maximum.to‘minimny
p-versa, of the controlled parameter where this could produce a sAFeTYNHAZARD.

mpliance is checked by inspection and manual tests. For rotating .controls the torq|
pwn in Table Xl shall be applied for not less than 2 s in each diréction alternately

sh

No|sarety Hazarp shall develop if an axial pull is likely to be applied in normAL use. CoOl
shall be checked by applying for 1 min an axial force 6f'60 N for electrical componer}

N

56.11 Cordl-connected hand-held and foot-operated control devices

a)

Ha
Ccol
val

Co

b)

Il be repeated 10 times.

r other components.

Limitation of operating voltages
hd-held and foot-operated control devices and associated connection cords shall g
ductors and components operating at voltages not exceeding 25 V a.c. or 60 V d
Lle in circuits isolated from the-mains parRT by one of the means specified in Sub-cla
mpliance is checked by inspection and, if necessary, voltage measurements.

Mechanical strength

— Hand-held control devices shall comply with the requirement and test of Su
21.5;

—'Foot-operated control devices shall be able to support the weight of an ady

5 of
um, or

les as
The test

npliance
ts and 100

ontain only
c. or peak
use 17g).

b-clause

It human

being.

c)

Compliance is checked by application to the foot-operated control device, in its position
of normAL Usg, Of an actuating force of 1 350 N for 1 min. The force is applied over an
area of 625 mm?. There shall be no damage to the device resulting in a saFETY HAZARD.

Inadvertent operation

Hand-held and foot-operated control devices shall not change their control setting when
inadvertently placed in an abnormal position.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

JUNE 30, 2003 UL 60601-1

135

Compliance is checked by turning the device in all possible abnormal positions and placing it as
such on a supporting surface. There shall not be any inadvertent change of control setting
resulting in a SAFETY HAZARD.

d)

Entry of liquids

— Foot-operated control devices shall be at least IPX1 according to IEC 529.

Compliance is checked by the tests of IEC 529.

— The electrical switching parts of foot-operated control devices of equipmenT, specified

Co

e)

Th
at
su

Compliance is checked by performance of the tests of Sub-elause 57.4.
57 wmaiNs pARTS, components and layout

57DV DR Modification to 57 by adding the following:

57DV.1 General

57PV.1.1 Permanently connectéd equipment shall have provision for the connection

of
70.

571
or
ma
as

57.1 Isolatfonfrom the suppLy mAINS

1 ") £ & £ e L [T IT=AVZa) (H PR T oyl
Uy Ui TTardaraciur? 101 usc 1T UpyTratiiiy TUUITIS, Stidlil U TEAOC AdLLUTUITTY U 1 -C 529

mpliance is checked by the tests of IEC 529.
Connection cords
e connection and anchorage of a flexible cord to a hand-held or foet-operated con

he entry point to the control device shall comply with the requir€ments specified fq
LY corps in Sub-clause 57.4.

*See rationate for 57DV

he wiring systems that js\in-accordance with the National Electrical Code, ANSI/N

DV.1.2 Fixed and stationary X-ray equipmenT supplied from a branch circuit  ra
ess, and EQuiPMENT that is not strictly portable but obviously is intended to be statio
y be acceptable if provided with a length of attached hard service flexible cord —
Type S, 6r'the equivalent, for supply connection.

rol device
I POWER

of one
FPA

rep at 30 A
nary,
such

a)

Isolation

— equipmenT shall have means to isolate its circuits electrically from the suppLy
poles simultaneously. This isolation shall include each uive supply conductor,
PERMANENTLY INSTALLED EQUIPMENT connected to a polyphase suprpLy mains may be
with a device which does not interrupt the neutral conductor, but only if local

mains on all
except that
provided

installation

conditions are such that in NormAL conpiTion the voltage on the neutral conductor can be

expected not to exceed extra-low voltage.

— Means for isolation shall either be incorporated in equipment or, if external, shall be

specified in the accompanyING DocUMENTS (See Sub-clause 6.8.3).
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Table XIV.|Not used.

57.2 MAINS |cONNECTORS, APPLIANCE INLEFS and the like

b) Not used.
c) Not used. See Sub-clause 57.1a).

d) Switches that are used to comply with Sub-clause 57.1a) shall comply with the creerace
DISTANCES and AR cLEARANCES as specified in IEC Publication 328.

e) Not used.

f) Mains switches shall not be incorporated in a power suppLY corb Or any other external flexible
lead.

g) |The directions of movement of the actuators of switches that are used to comply)yith Sub-
clapse 57.1a) shall comply with IEC Publication 447.

h) [In NON-PERMANENTLY INSTALLED EQUIPMENT @ Suitable plug device used to isolate equipmEnT from
the| suppLy mains shall be considered as complying with the requirements _of Sub-clausg 57.1a).

appLIANCE coupLERs and flexible cords with mains pLucs are suitable pldg devices.
J) Not used. See Sub-clause 57.1a).

k) INot used.

[) INot used.

m)| Fuses and semiconductor devices shall-pet’be used as isolating devices in the sgnse of this
sulp-clause.

Compliance is checked by inspection.

a) [Not used.
*b)| Constructien

No|general.requirement.

c) Naobused.

d) Not used.

*@) AUXILIARY MAINS SOCKET OUTLETS ON NON-PERMANENTLY INSTALLED EQUIPMENT, intended for the
provision of mains supply to other equipmenT, or to separated parts of equipmvenT shall be of a type
that cannot accept a mains pLuG. See also Sub-clause 56.3.

This requirement does not apply to emerceNcy TRoLLEYs, on which however the number of such
sockets shall be limited to 4.

These auxiLiary MaINs sockeT-ouTLETS Shall be properly marked (see Sub-clause 6.1 k)).
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Compliance is checked by inspection.
f) Not used.

*g) Except where a functional earth needs to be provided, cLass 1| AppLIANCE INLETS Shal
used in CLASS Il EQUIPMENT.

*See rationale for 57.2

57.2DV D1 Modlification of 57.2 by adding 57.2DV.1 — 57.2DV.6:

L3

| not be

ey b Lok f e 2
QCT Tauuriaic 1ur o7

2DV
57,
exi
INST
a h
de

Re

PDV.1 For paTiENT Ccare eqQuipmenT, Where a “Hospital Grade” or “Hospital Only?
s5ts for the particular electrical rating in question, the MAINS PLUG, Of bhon-
ALLED EQUIPMENT With a protective earth connection shall comply with the,requiremen
ospital grade attachment plug ( mains pLug) or the non-hazardous(lgcation locki
bignated “Hospital Only” as specified in the Standard for Attachment Plugs
ceptacles, UL 498 and the product shall comply with 57.2DV.2.

57)2DV.2 Cord connected equipmenTt employing "Hospital’ Only " or "Hospit
attachment plugs shall be provided with instructions to indicate that grounding reliabi
can only be achieved when the EequipmenT is connected, to an equivalent receptacle
"Hospital Only”
eqUipmenT itself or on a tag attached to the supply ¢ord of the EQUIPMENT.
572DV.3 For equirvent intended for radiography and in which the plug constitutg
control-disconnecting means, the attachment plug shall be acceptable for a current
less than 50 percent of the maximum, current input to the EQuIPMENT for rad

setftings.

57DV.4 Except for X-ray equibmenT, the attachment plug shall be acceptable for usg
cuirent not less than 125 perecent of the  ratep current, when measured at a voltage
the| rateD voltage of the, “equipment (corresponding to the plug cap configuration).
eqUrmenT is intended forbeing adapted for use on two or more different values of vo
by ffield alteration of{internal connections, the attachment plug provided with the

shall be acceptable)for the voltage for which the
when shipped«rom the factory.

57 DV.5\When a polarized attachment plug is used, the circuit conductors in the flg

MAINS PLUG
PERMANENTLY
s for

ng type
and

hl Grade ”
ity
marked

or "Hospital Grade". The necessary/ifistructions shall be included ¢n the

s the
not
iographic

e with a
equal to
If the
tage
EQUIPMENT

EQUIPMENT iS configured to be connected

xible

cord shall be connected to the plug and to the wiring in the EQUIPMENT SO that

ny of the

follpwing devices used in the primary circuit shall be connected in an ungrounded sidg¢ of

the line: the center contact of an edison-base lampholder, a single pole switch, an
automatic control with a marked off position, a solitary fuseholder, and any other

single-pole overcurrent protective device.
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57.2DV.6 When a second fuseholder or other overcurrent protective device is provided in

the

application, it may be placed in the grounded side of the line.

57.3 POWER SUPPLY CORDS

a)

Application

— equipMenT shall not be provided with more than one connection to a particular suppLy

MAINS.

— If a facility for alternative connection to a different supply system, e.g. exter

nal battery,

Co
b)

PO

(IE
Pu
Po
me

co

Co

Th
shd

Co

. HA| ('l 1 Il L L . .
1S PITUVIUTU TTU SAFETY RHAZARD Shiall ULLUTl WITTTT TTTUTT tl Iart Uric bUIIIICthUII 1S5 111

simultaneously.
— maiNs pLuGs shall not be fitted with more than one Power suPPLY CORD.

— equipMeNT wWhich is not intended to be permanently connected o, fixed wiring
provided with either a POWER SUPPLY CORD OF an APPLIANCE INLET(

mpliance is checked by inspection.

Types

ER suPPLY corps shall be not less robust than ordifiary tough rubber-sheathed flexil
C Publication 245, designation 53) or ordinary palyvinyl chloride sheathed flexible
blication 227, designation 53).

yvinyl chloride insulated power suppLy corbs shall not be used for equipmMeNT having
tal parts with a temperature exceeding*75°C and which may be touched in NormAL
d, unless it is ratep for that temperature (see also Table XB).

mpliance is checked by inspeetion and measurement.

Cross-sectional area of ‘eonductors

b NOMINAL Cross-séctional area of conductors of power suppLY corps shall be not lesq
wn in Table XV.

mpliance‘is-checked by inspection.

de

shall be

ble cord
cord (IEC

external
ust by the

than that
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Table XV

NOMINAL Cross-sectional area of POWER SUPPLY CORDS

NOMINAL Cross-sectional

RATED current of equipmeNT (A) area (mm?2 Cu)

Up to and including 6

over 6 up to and including 10
over 10 up to and including 16
over 16 up to and including 25
over 25 up to and including 32
over 32 up to and including 40

0,75
1
15
2,5

over 40 up t¢ and including 63

10

d) |Preparation of conductors
Stranded conductors shall not be soldered if fixed by any clamping means.
Compliance is checked by inspection.

573DV D2 Modification of 57.3 by replacing the text of items (b) and (c) with the

follpwing:

b) Types

A DETACHABLE POWER SUPPLY CORD fOr NON-,PERMANENTLY INSTALLED EQUIPMENT (cord-
connected equirvenT) shall be of a type that can be shown to be unlikely to
become detached accidentally, unless:it can be shown that detachment will rot

constitute a SAFETY HAZARD tO @ PATIENT Or OPERATOR. A POWER suppLY corp Shal|l comply
with the following requirementsi

1) The flexible cord’shall be of a type that is acceptable for the parti¢ular

application. It shall be acceptable for use at a voltage not less than the

RATED Voltage of the appliance and shall have an ampacity, as given i
National Electrical Code, ANSI/NFPA 70, not less than the current ra
the appliance. It shall be constructed in accordance with the Standar
Flexible Cords and Fixture Wire, UL 62, or the equivalent Appliance
Material (AWM).

2) The flexible cord shall be not smaller than No. 18 AWG, and the
mechanical serviceability shall be:

n the
ing of
i for
\Viring

i) Not less than that of Type SJE, SJT, SJO, or equivalent cord, for

TRANSPORTABLE EQUIPMENT Such as hospital beds and instrument carts;

and

i) Not less than that of Type SV for light-duty EQUIPMENT Where

extreme flexibility or weight is a factor. EQUIPMENT Weighing
(1-1/4 1b) or less would qualify for consideration.

567 g


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

140 UL 60601-1

JUNE 30, 2003

iii) An oil-resistant cord is required if the EQUIPMENT iS likely to be

subjected to grease or oil.
*See rationale for 57.2DV
57.4 Connection of POWER SUPPLY CORDS

a) Cord anchorages

— EQuIPMENT and maiNs connecTors provided with power suppLy corbs shall have cord

anchorages such that the conductors are relieved from strain, including twist

ing, where

L (] skl L (| W L (] L
they-areconmected- Wit tne EgurvERT antr Wit te MATNS CONNECTOR - atTott

insulation of the conductors is protected from abrasion.

shall not be used.
— Cord anchorages of power suppLY corps shall be made:
1) of insulating material, or
by SUPPLEMENTARY INSULATION, Or
failure of the power suppLY corp Could render Live conductive accessisL
PROTECTIVELY EARTHED. This lining-shall be fixed to the cord anchorage,
clause, and shall comply,with the requirements for Basic INSULATION.
— Cord anchorages of powgr surpLY corps shall be so designed that the cord
clamped by a screw whigh bears directly on the cord insulation.
not serve to fix'any component other than parts of the cord anchorage.
— Conductors of the power suppLy corp shall be so arranged that if the cord a
fails the\PRoTECTIVE EARTH CONDUCTOR iS NOt subject to strain as long as the pha

conductors are in contact with their terminals.

Compliahce is checked by inspection and by the following tests:

Strain relief methods, such as tying the cord into a knot or tying the,ends with string,

2) of metal, insulated from conductive AGCESSIBLE PARTS NOt PROTECTIVELlY EARTHED

3) of metal provided with an insulating lining, if otherwise a total insujation

E PARTS NOt
unless it is

a flexible bushing which forms part of the cord guard specified in this| sub-

iIs not

— Screws, if any, which have to be operated when replacing the power suprpLY|corp shall

hchorage
5e

eouipMeNT, If designed for a power suppLy corb, IS tested with the cord supplied by the
manufacturer.

The power suppLy corp conductors should, if possible, be disconnected from the main
or from the mains connecTor Of the EQUIPMENT.

s terminals

The cord shall be subjected 25 times to a pull on the sheath of the value shown in Table XVIII.

The pulls shall be applied in the most unfavourable direction without jerks, each time

for 1 s.

Immediately afterwards, the cord shall be subjected for 1 min to a torque of the value shown in

Table XVIII.
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Note — Table XVII not used. Table XVI incorporates (see Sub-clause 57.10a)) Tables XVI and XVII of the

first edition.
Table XVIII
Testing of cord anchorages
Mass of EquiPMeENT Pull Torque
(kg) N) (Nm)
Up to and including 1 30 0,1
over 1 up to and including 4 60 0,25
over 4 100 0,35
After the tests, the cord sheath shall not have been longitudinally displaced by mote’than 2 mm
angl the conductor ends shall not have moved over a distance of more than 1 nwm frgm their
notmally connected position.
CRHEPAGE DISTANCES and air cLearAances shall not be reduced below the values specified|in Sub-
clapse 57.10.
Fof the measurement of the longitudinal displacement, while theyeord is subjected to [the pull, a

ma
Su

Aft
ab

Its
intq

rk is made on the cord at a distance of approximately 2 cm from the cord anchora
fable point, before starting the tests.

br the tests, the displacement on the cord sheathin relation to the cord anchorage
pve other suitable point while the cord is subjected to the pull, is measured.

hall not be possible to push the cord into&guiPvENT to such an extent that the cord
brnal parts of the eouipment, could be damaged.

ge or other

or the

, Or
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b) Cord guards

POWER suPPLY corps Of other than staTionary equipmeNnT shall be protected against excessive
bending at the inlet opening of equipment by means of a cord guard of insulating material.

Alternatively, an opening in equipmenT shall be so shaped that the applied Power supPLY coRD,
even if not provided with a guard, passes the following flexing test.

Compliance is checked by inspection, by measurement and by the following test(s):
EoQuiPMENT designed for a power suppLy corp IS fitted with a cord guard or opening and the power

SURPTYTORD-Shatthave-armexposed-fengthrofapproximatety +66-mm—FhesgormenT1s150 held

that the axis of the cord guard, where the cord leaves it, projects upward at an apgle|of 45° to
thg horizontal when the cord is free from stress.

A Ipass equal to 10 D?g is then attached to the free end of the cord, D being the ovdrall
diameter, in millimetres, or, for flat cords, the minor overall dimensions f,the power JuppPLY CORD
defvered with the eouiPMENT.

If the cord guard is temperature sensitive, the test is made at 23°€ + 2°C.

Flat cords are bent in a direction perpendicular to the plane-containing the axis of thg cores.

Immediately after the mass has been attached, the €urvature of the cord shall nowhere be less
than 1,5 D, being checked by a cylindrical rod with-a diameter of 1,5 D.

Guards which fail the above dimensional test-shall have to pass the test described in| IEC
60835-1, Amendment 6, 1988, subclause 25:10.

c¢) |Accessibility of the connection
The space inside equipment designed for fixed wiring or a rewirable power suppLY corb[shall be
adequate to allow conductorsito be easily introduced and connected, and covers, if any, to be
fitted without risk of damage-to the conductors or their insulation. It shall be possible fo check
that the conductors are'correctly connected and positioned before the cover is fitted.

Compliance is chécked by inspection and by an installation test.
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57.5 wmains

*a)

TERMINAL DEVICES and wiring of MAINS PART

General requirements for MAINS TERMINAL DEVICES

equipMeNT intended to be permanently connected to fixed wiring and equipmenT intended to be
connected by means of rewirable non-petacHABLE POWER suppLY corps shall be provided with mains
TERMINAL DEVICES iN Which connection shall be made by means of screws, nuts, soldering,
clamping, crimping of conductors or equally effective methods.

Reliance shall not be placed upon the terminals alone to maintain the conductors in position,
unless barriers are provided such that creepace pDISTANCES and AIR CLEARANCES between Live parts

angrotherconductivepartscanmot-bereduced-totessthanthe-vattes—specifredimSt;

57

Te

10, should the conductor break away.

minals of components other than terminal blocks may be used as terminalslintend

external conductors if they comply with the requirements of this sub-clause-and are p

mal
Sc
ex(
unl

Co

b)

Co

rked according to Sub-clauses 6.2h), j) and k).

ews and nuts which clamp external conductors shall not serve t@)fix any other cor
ept that they may also clamp internal conductors if these areso arranged that the
kely to be displaced when fitting the supply conductors.

mpliance is checked by inspection.

L Arrangement of MAINS TERMINAL DEVICES

— For equipmenT with rewirable cords.whére terminals are provided for the con
external cords or power suppPLY corpsy these terminals together with any proTe
TerMINAL Shall be closely grouped,“so as to provide a convenient means of co
— For details of proTECTIVEXEARTH CONDUCTOR connections see Clause 58.

— For marking of MAIRS\TERMINAL DEVICES See Sub-clause 6.2.

— maINs TERMINAL BEVICES Shall not be accessible without the use of a TooL, ever
LIVE parts aré€ mot accessible.

mpliance isschecked by inspection.
—MaiNs TERMINAL DEvICEs Shall be so located or shielded that, should a wire of 4

conductor escape when the conductors are fitted, there is no risk of accident
between uive parts and accessisLE PARTs and, for cLass 11 EQuiPMENT, between Liv

p-clause

ed for
roperly

hponent,
y are

nection of
LTIVE EARTH
hnection.

if their

| stranded
hl contact
E parts and

conductive parts separated from ACCESSIBLE PARTS DY SUPPLEMENTARY INSULATION O

Compliance is checked by inspection and, in case of doubt, by the following test:

nly.

The end of a flexible conductor having the nominaL cross-sectional area specified in Sub-clause

57.

3c) (Table XV) is stripped of its insulation for a length of 8 mm.

A single wire of the stranded conductor is left free and the rest of the conductor is secured to
the terminal.
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The free wire is bent in every possible direction without pulling back the insulating sheath and
without making sharp bends around partitions.

The free wire of a conductor connected to a vive terminal shall not come into contact with any
ACCESSIBLE PARTS OF parts connected to ACCESSIBLE PARTS, OF, for cLass i1 eQuiPMENT, parts which are

separated from ACCESSIBLE PARTS DY SUPPLEMENTARY INSULATION Only.

The free wire of a conductor connected to a proTECTIVE EARTH TERMINAL Shall not come into contact
with any vive part (see Sub-clause 57.5a)).

¢) Fixing of mains terminals

Tefminals of equipvenT shall be so fixed that, when the means for clamping the condictors are
tightened or loosened, the internal wiring is not subjected to stress and creeraGE BISTANCES and
AR |cLEARANCES are not reduced below the values specified in Sub-clause 57.10.

Compliance is checked by inspection and by measurement after fastenifig and loosening a
comductor of the largest cross-sectional area specified 10 times.

*d)| Connections to mains terminals

— For equipmenT with rewirable flexible cords to be cennected by clamping megans the
cord terminals shall not require special preparation of the conductor in order {o effect
correct connection, and they shall be so designéd or placed that the conductgr is not
damaged and cannot slip out when the clamping screws or nuts are tightenegl.

— For further requirements limiting cornductor preparation in Power suppLY corgs and
DETACHABLE POWER SUPPLY CORDS See Sub-clause 57.34).

Compliance is checked by inspection-of the terminals and of the conductors after the|test of
Sup-clause 57.5c¢).

e) |Fixing of wiring

Nof used. See Sub-clatse 56.1f).

*See rationale for 57.5

576DV D2\Moadification of 57.5 by adding the following to item b):

—~If leads are provided for connection to the branch circuit and one end of thg
lead terminates in a wire binding screw, a terminal block, or the like within th¢
eQuiPMeENT, the free end shall be in a compartment separate from that containing
the wire binding screws, terminal block, or the like. This may be in a separate
wiring compartment provided as part of the EQUIPMENT, & Separate recessed
mounted splice (junction) box described in the installation instructions, or the
like. See Figure 52DV.
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— The free length of a lead inside an outlet box or field-wiring compartment shall

be 152 mm (6 inches) or more. A lead may be less than 152 mm (6 inch) in |
if it is evident that the use of a longer lead might result in a risk of fire or elec
shock.

*See rationale for 57.2DV

57.6 Mains fuses and oVER-CURRENT RELEASES

ength
tric

Fuses or over-current ReLeEAses shall be provided in each supply lead for ciass 1 EQuipmMENT and cLass i
eQuiPMENT having a functional earth according to Sub-clause 18/) and in at least one supply lead for other

single-phag
The curren
normal ope
circuit carry

- A

- F
Complianc

57.7 *Loc4

Not used.

57.8 Wirin

a)

Th

to fhat of the individual ‘sonductors of power suppLY corps complying with IEC 227 or 2

coff
Co
Th

of
an

C CLASS T EQUIFMENT.

t rating of mains fuses and over-currenT ReLEAsEs shall be such that they. teliabl
ing the mains supply current.

PROTECTIVE EARTH conpucTor shall not be fused.

Or PERMANENTLY INSTALLED EQUIPMENT the neutral conductor shall\net be fused.

P S checked by inspection.

tion of interference suppressors in the maiNs PART

*See rationale for 57.7

J Of the MAINS PART

Insulation

e insulation of an individual conductor in the mains pART shall be at least electrically
ductor shall be ¢onsidered to be a bare conductor.

mpliance isschecked by the following test:

P insulation is regarded to be electrically equivalent, if it withstands a dielectric stre
P 000"V for 1 min. The test voltage is applied to a sample of the wire between the

y carry the

rating current and shall not be greater than the current rating of any compowent i the mains

equivalent
45, or that

ngth test
conductor

‘aluminum foil wrapped around the insulation for a length of 10 cm.

b)

Co

Cross-section

— Internal wiring in a mains PART between the mains TERMINAL DEVICE and the protective
devices shall have a cross-sectional area not less than the minimum required for the

POWER SUPPLY CORD as specified in Sub-clause 57.3c).

mpliance is checked by inspection.
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— The cross-sectional area of other wiring in the mains parT and the sizes of tr
printed wiring circuits shall be sufficient to prevent any fire hazard in case of
fault currents.

acks on
possible

If any doubt exists concerning the adequacy of incorporated overcurrent protection,
compliance is checked by connecting the equipmENT to a specified suppLy mains from
which the most unfavourable short-circuit current expected can be drawn in the event of

a fault in the mains PART.

Subsequently, a fault in a single insulation in the mains PART IS Simulated so that the fault

current is the least favourable. No sarety HAzArD shall arise.

57.9 *Main

Mains supq
57.9.1 Ovg

— N
ov{
shg

Co
-\
prd
shd

bef
ino

Co

Maximu

s supply transformers

*See rationale for 57.9
ly transformers shall comply with the following requirements:
Prheating
flains supply transformers used in mebicaL ELECTRICAL EQuiPMENT Shall be protected ag
rheating of BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION in the
rt-circuit or overload on any output winding.
mpliance is checked by the tests described in Sub-clauses 57.9.1a) and 57.9.1b).
Vhere protective devices external to the tratisformer or transformer encLosure provi
tection against overheating, e.g. fuses, \OVER-CURRENT RELEASES, THERMAL CUT-0UTS, the
Il be connected in such a way that failure of any component other than wiring inte
ween the protective devices and the transformer cannot render the protective devi
perative.
mpliance is checked by jnspection.
Table XIX

M allowable temperatures at 25°C ambient temperature of mains supply transform
windings under overload and short-circuit conditions

ainst
event of

de the

se devices
rposed

ces

Parts Maximum temperature °C

Windings anfl coreaminations in contact therewith, if the winding
insulation is:

- of.Class A material 150

— of Class B material 175

— of Class E material 165

— of Class F material 190

— of Class H material 210

a)

Short-circuit

Compliance is checked by application of the following tests under the conditions specified in
Clause 42:
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— Mains supply transformers, provided with a protective device for limitation of the
winding temperatures, are connected to a supply voltage which is the least favourable
within the limits of 90% of the lowest to 110% of the highest ratep supply voltage or the

RATED Supply voltage range. Each secondary winding is short-circuited in turn,
windings, except the primary winding, being loaded as in NORMAL USE.

— Any protective device for a secondary winding shall be operative.

all other

— The protective device shall operate before the maximum temperatures of Table XIX

are exceeded.

b)

M3
no

—VWhere—aprimary-protectivedevicetloes notoperatethemaxmmumntempet
Table XIX shall not be exceeded in steady thermal condition.

Overload

ins supply transformers including their protective devices, if any, are\tested in con
'mal operation:

— under the conditions specified in Clause 42 until steady.thermal conditions
obtained;

— the supply voltage being maintained at 90%.0r,"110% of raTep Supply voltag
110% of the highest value of the raTep supply vVoltage range, whichever is thd
favourable;

— the tests are made on each windinger section in turn, the other windings d
being loaded as in the relevant eQuiPMENT in NORMAL USE;

— the section or winding of the transformer under overload is loaded as follow

e Mains supply transformers having fuses in accordance with IEC Pu
127 and 241-as protective devices, are loaded for 30 min and 1 h re{
SO that the“test current in the fused circuit is in accordance with Tabl
the fuses replaced by links of negligible impedance.

 Mains supply transformers having fuses deviating from IEC Publica
and 241 as protective devices, are loaded for 30 min so that the test
the fused circuit is as high as possible according to the characteristio
by the fuse manufacturer, but does not cause the fuse to operate. TH
shall be replaced by links of negligible impedance.

tures of

fitions of

are

e or at
b Jeast

r sections

S!

blications
spectively,
e XX with

jons 127
current in
s supplied
e fuses
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Table XX

Test current for mains supply transformers

Ratio between test current and  ratep current of the fuse-
Marked value of ratep current of protecting fuse-link (A) link
Up to and including 4 2,1
over 4 up to and including 10 1,9
over 10 up to and including 25 1,75
over 25 1.6

e If the current under short-circuit condition is smaller than thetest cy
specified above, the transformer section or winding is shorttcircuited
thermal condition is attained.

e Mains supply transformers having THErmAL cuT-oUuFs\as protective de
loaded so that the current through the transformer section or winding|
maximum which does not cause the cut-out to. operate, the test being continued
until steady thermal condition is attained.

e Mains supply transformers having oVeR*CURRENT RELEASES as protectiy
are loaded so that the test current.jnthe circuit is as high as possiblg
to the trip current stated by the manufacturer of the over-cURRENT RELAASES but

rrent
Lntil steady

ices are
is the

e devices
according



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

146B UL 60601-1 JUNE 30, 2003

No Text on This Page



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

JUNE 30, 2003 UL 60601-1

147

does not cause the releases to operate, the test being continued until a steady
thermal condition is obtained. The over-cURReNT RELEASES Shall be replaced by

links of negligible impedance.

e On mains supply transformers not provided with a protective device for
limitation of the winding temperature, the output terminals of the secondary

winding or of a section of such a winding which gives the least favou

rable

results shall be short-circuited. The test shall be continued until steady thermal

condition is attained.

For the purpose of these tests, the tripping current is for:

57

57

sul
ha

tim
rep
the
req
noft

57,
Cird
loa]
ulti

57.9.2 Die

— an oVER-CURRENT RELEASE Without time-delay: the lowest current whic
the release to operate;

— an oVER-CURRENT RELEASE With delay: the current which causes the re
starting from room temperature, to operate with maximtn delay or a
whichever is the shorter period.

During the tests, the temperature shall not exceed the value given in
0.1DV D2 Modification of 57.9.1 by adding 57.9.1DV.1'ahd 57.9.1DV.2:
*See rationale for 57.91DV

9.1DV.1 For an electronic circuit used toncomply with the requirements of
-clause, a fuse or manual reset protectormay be left in the circuit. If such compon
e not been investigated (such as those hot investigated for calibration of openingd
£ vs. current or temperature) and functions to terminate the test, the test shal
eated two additional times. For the\overload test the maximum loading not resultir]
circuit switching to its limiting{unode is to be used until the ultimate results. T
uirement is not an alternativelto enable the use of fuses, breakers, and the like th
comply with 3.10DV.

0.1DV.2 A positive ‘temperature coefficient resistive device (PTC) is to be left i
uit for the short €ircuit test until ultimate results. For the overload test the maxim

Mmate results.are known.

ectric strength

The electrical

insulation between the primary winding and other windings, screens and the core of a mains supply

N causes

ease,
ter 1 h,

Table XIX.

this

ents
for

| be

g in
his

ht do

n the
um

(ding not resulting in the PTC switching to its high resistance mode is to be used yintil

transformer is

presumed to have been investigated by the dielectric strength tests performed on the assembled equipment as described in Clause
20. They shall not be repeated.

The dielectric strength of the electrical insulation between turns and layers of the primary and secondary
windings of a mains supply transformer shall be such that after the humidity preconditioning treatment
(see Sub-clause 4.10) it passes the following tests:

— Transformers not having any winding with a ratep voltage exceeding 500 V are tested with a
voltage across the winding of five times the ratep voltage or five times the upper limit of the
RATED Voltage range of that winding and a frequency not less than five times the raTep
frequency.


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

148

UL 60601-1

APRIL 25, 2003

— Transformers having any winding with a ratep voltage exceeding 500 V are tested with a
voltage across that winding of twice the raTep voltage or twice the upper limit of the raTep
voltage range of that winding and a frequency not less than twice the ratep frequency.

In the two cases above, however, the stress on the turn and layer insulation of any winding of
the transformer shall be such that the test voltage appearing at the winding with the highest
RATED Voltage does not exceed the voltage specified in Sub-clause 20.3, Table V, sasic
InsULATION, if the raTeD Voltage of such a winding is considered as reference voltage U. If this
should occur, the test voltage on the primary winding shall be reduced accordingly. The test
frequency may be adapted to produce in the core approximately the magnetic induction present

in NORMAL USE.

— Three-phase transformers may be tested by means of a three-phase testing devicé
three consecutive tests using a single-phase testing device.

— The value of the test voltage with respect to the core and to any screen_between p
seg¢ondary windings shall be in accordance with the specification of therelevant trang
thg primary winding has an identified connection point for the neutral~of'the suppLy ma
pomt shall be connected to the core (and screen if present) unless\the core (and scré
spécified for connection to an unearthed part of the circuit. To_ simulate this the core

screen) are connected to a source with an appropriate voltage and frequency with re
thq identified connection point.

If quch a connection point has not been identified, each’side of the primary winding i
be|connected to the core (and screen if present) unless the core (and screen) are sp
comnection to an unearthed part of the circuit.

Tol|simulate this, the core (and screen) shall*be connected to a source with an appro
volfage and frequency with respect to.each side of the primary winding in turn.

— During the test, all windings not.intended for connection to the suppLy mains shall be
unloaded (open circuit). Windirigs-intended to be earthed at a point or to be operateq
pomt nearly at earth potential.shall have such a point connected to the core, unless {
specified for connection to an unearthed part of the circuit.

To|simulate this, the core is connected to a source with an appropriate voltage and fi
with respect to such windings.

— Initially notsmore than half the prescribed voltage shall be applied, then it shall be 1
a period @f.10 s to the full value, which is then maintained for 1 min, after which the
shall be reduced gradually and switched off.

or by

rimary and
former. If
vs such a
ben) are
and

spect to

0 turn shall
ecified for

briate

left
with a
he core is

equency

hised over
oltage

— Tests are not conducted at resonant frequencies.

— During the test, no flashover or breakdown of any part of the insulation shall occur.
shall be no detectable deterioration of the transformer after the test.

There

Slight corona discharges are neglected, provided that they cease when the test voltage is
temporarily dropped to a lower value, that this value is higher than the reference voltage (U)

and that the discharges do not provoke a drop in test voltage.
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57.9.3 Housing

Not used.

57.9.4 Construction

a) The separation of primary and secondary windings having a coNDUCTIVE CONNECTION tO APPLIED
PARTS OF tO ACCESSIBLE METAL PARTS NOt PrRoTECTIVELY EARTHED Shall be achieved by one of the

fo

Compliance is checked by inspection.

llowing methods:

— wound on separate bobbins or formers;

— wound on one bobbin or former with an imperforate insulating partition hetyeen
windings;

— wound on one bobbin or former with concentric windings and having an imperforate
protective copper screen with a thickness of not less than 0,13 mm;

— concentrically wound on one bobbin with windings separated by pousLe Or REINFORCED
INSULATION.

b) |Not used.

¢) [Means shall be provided to prevent displacement of end turns beyond the interwinding
insplation.

d) |If a protective earthed screen has only*one turn, it shall have an insulated overlap| of not less

than 3 mm. The width of the screen shall be at least equal to the axial winding length of the

primary winding.

e)

primary and secondary winding shall consist of:

f)
pri

In transformers with REINFORCED INSULATION OF DOUBLE INSULATION the insulation between the

— one insulafign layer having a thickness of at least 1 mm, or
— at least-two insulation layers with a total thickness of not less than 0,3 mm/| or

—three layers provided that each combination of two layers can withstand the dielectric
strength test for REINFORCED INSULATION.

For transformers complying with Sub-clause 57.9.4a) the creeraGe pisTANCES between the
mary and secondary windings shall comply with the requirements for REINFORCED INSULATION

(A-e, Table XVI, Sub-clause 57.10) with the following allowances:

— enamel or lacquer of winding wires are considered as contributing 1 mm each to
these CREEPAGE DISTANCES.

— CREEPAGE DISTANCES are measured through the joint between two parts of an insulation
barrier, except when:
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)

« either the two parts forming the joint are bonded by heat sealing or other
similar means at the place where this is of importance;

« or the joint is completely filled with adhesive at the necessary places and the
adhesive bonds to the surfaces of the insulating barrier so that humidity cannot
be sucked into the joint.

— CREEPAGE DISTANCES Within moulded transformers are considered not to exist if it can be
shown that no gas bubbles are present and the thickness of the insulation between
enamelled or lacquered primary and secondary windings is at least 1 mm for reference
voltages U not exceeding 250 V and increased proportionally for higher reference
vUIllayco.

The exit of the wires from the internal windings of toroidal transformers shall.be” pfovided

with double sleeving complying with the requirements for pousLe insuLaTion apd having a total

wa|l thickness of at least 0,3 mm, extending at least 20 mm outside the winding.

Compliance with the requirements of Sub-clauses 57.9.4c) through 57.:9.4g) is checked by

inspection.

57.10 *CREEPAGE DISTANCES and AIR CLEARANCES

a)

b)

*See rationale for 57.10

Values

— CREEPAGE DISTANCES and AR cLearaNees Shall comply with at least the values gf Table
XVI.

For a number of insulations Sub-clauses 20.1 and 20.2 apply.
— The value of the referénce voltage (U) is as given in Sub-clause 20.3. In cgse the

reference voltage has a value between those given in Table XVI, the higher of the two
values shall be applied.

Values for referénce voltages above 1 000 V a.c. or 1 200 V d.c. are under consideration.

— For slot insulation of motors a reduction to 50% of the values of Table XVI [for
creepAeE DISTANCES Shall be allowed, with a minimum of 2 mm at 250 V.

=~ Between DEFIBRILLATION-PROOF APPLIED PARTS @nd other parts, cREEPAGE DISTANCE$ and AR
cLearances shall be not less than 4 mm.

Application

— For insulation in the mains PART between parts of opposite polarity (see Sub-clause
20.1 A-f) the minimum creepAGe DISTANCES and AIR CLEARANCES are not required if short-
circuiting of each single one of these crReepAGE DISTANCES and AR CLEARANCES in turn does
not produce a SAFETY HAZARD.

Operation of a protective device shall not be considered as a sareTy HAZARD.
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— The contribution to the creepace pisTancEs Of any groove or air gap less than 1 mm

wide shall be limited to its width (see Figures 39 through 47).

The ar cLearaNcEs required between uive parts shall not apply to the air gap b
switching contacts of THERMOSTATS, THERMAL CUT-OUTS, OVER-CURRENT RELEASES, SWi

etween the
tches of

microgap construction and the like, or to the air gap between the current-carrying parts
of such devices where the clearance varies with the movement of the contacts and

where adequacy of ratings has been proved.

— When assessing creerpAGE DISTANCES and AR CLEARANCES, the effect of insulating linings

of metal enclosures or covers shall be taken into consideration.

c)
d)
Co

Fo

Mg
he:

AIR
wit]
les|

=

CRH
mg

If n

Not used.

mpliance is checked by measurement taking into account the rules in Figures 39 {

co
qu;p/y conductors of the largest cross:sectional area specified and also without cond

hds are tightened in the Jéast favourable position.

— AIR CLEARANCE alone is only acceptable for isolation between Live parts and(a
and AccessiBLE PARTS NOt PROTECTIVELY EARTHED if the relative positioning is(such
relevant parts are rigid and located by mouldings or the design is otherwise S
there is no likelihood of a distance being reduced by deformation,or moveme
parts.

Where limited movement of one of the relevant parts is normal or likely, this
taken into account when computing the minimum clearance.

Measurement of cREEPAGE DISTANCES and AIR CLEARANCES

EQuiPMENT provided with an appLiANCE INKET; the measurements are made with an a
nector inserted. For other equiPMENT dACOrpoOrating Power suppLY Corps, they are ma

vable parts are placed in thelleast favourable position; nuts and screws with non-g

CLEARANCES and crREERAGE DISTANCES between terminals and accessiBLE pPARTs are also
h the screws or nuts unscrewed as far as possible, and the air cLearances shall the
5 than 50% of the values shown in Table XVI.

EPAGE DISTANCES and Air cLEARANCES through slots or openings in external parts shall
asured to’ the standard test finger of figure 7.

PLIED PARTS
that the
uch that
nt of the

shall be

hrough 47.
bpropriate
de with
Lictors.
ircular

measured
n be not

be

ecessary, a force is applied to any point on bare conductors and to the outside off

metal

ENCLOSURES In an endeavour to reduce the creerace pisTANCES and AR cLEARANCES While taking the

me

asurements.

The force is applied by means of a standard test finger having a tip as shown in Figure 7 and
having a value of:

2 N for bare conductors;

30 N for encLOSURES.
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Table XVI
CREEPAGE DISTANCES and AR CLEARANCES in millimetres 1)
d.c. voltage | 15 36 75 150 300 450 600 800 900 |1 200
a.c. voltage | 12 30 60 125 250 400 500 660 750 |1 000
Equivalent to sasic 0,4 0,5 0,7 1 1,6 2,4 3 4 4,5 6 AR
INSULATION between CLEARANCES
parts of opposite A 0,8 1 13 2 3 4 55 7 8 11 | creepace
polarity DISTANCES
BASIC INSULATION OF A-al, A-b, 0,8 1 1,2 1,6 2,5 3,5 4,5 6 6,5 9 AR
SUPPLEMENTARY A-c, A-j CLEARANCES
INSULATION B-d B.c 17 2 23 3 4 5 g 105 12 16 REEPAGE
DISTANCES
DOUBLE INSULATIION Or A-a2, A-e, 1,6 2 2,4 3,2 5 7 9 12 13 18) |lar
REINFORCED A-k ICLEARANCES
INSULATION B-a, B-e 3,4 4 4,6 6 8 12 16 21 24 32  ||creePacE
DISTANCES

1 This table

eplaces Tables XVI and XVII of the first edition.

58 Protect

58.1 The (
corbps shall
the aid of
protected 3

ve earthing — Terminals and connections

lamping means of the proTtecTivE EARTH TERMINAL for fixed<supply conductors or p
comply with the requirements of Sub-clause 57.5¢). Itsshall not be possible to loosg
A TooL. Screws for internal protective earthing corinections shall be completely
gainst inadvertent loosening from the outside of EquiPmeENT.

58.2 For i
wrapping,

582DV D2 Modification of 58.2 by adding the following:

Soldering alone shall not be usedxConnections shall be made mechanically secure as
as |peing soldered.

58.3 Not used. See Sub-clauseé 57.5b).
58.4 Not used.
58.5 Not used.

58.6 Not used.

ternal protective earthing connections, clamping by means of a screw, soldering
elding or a reliable pressure contact arerallowed.

*See rationale for 58.2DV

DWER SUPPLY
n it without
covered or

), crimping,

well

58.7 Where an appLiaNce INLET forms the supply connection to equipmenT, the earth pin of the appLIANCE INLET
shall be regarded as the PROTECTIVE EARTH TERMINAL.
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58.8 The proTECTIVE EARTH TERMINAL Shall not be used for the mechanical connection between different parts
of the equipmenT or the fixing of any component not related to protective earthing or functional earthing.
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58.9 Protective earth connection

Where the connection between mains supply conductors and equipmenT or between separated parts of
eQuibMeNT Which can be operated by the operaToRr is made via a plug and socket device, the protective
earth connection shall be made before and interrupted after the supply connections are made or
interrupted. This applies also where interchangeable parts are connected to protective earth. See also
Sub-clauses 57.1, 57.2 and 57.3.

Compliance with the requirements of Clause 58 is checked by inspection of materials and construction,
by manual tests and by the test of Sub-clause 57.5.

59 Constryctiomanttayout

59.1 Interrjal wiring

For fixing gf wiring in the appLiED PART and the mains PART, see Sub-clause 56.17).
a) |Mechanical protection

— Cables and wiring shall be adequately protected against’contact with a moying part or

from friction at sharp corners and edges, if there is arefative movement between the

part and cords or wiring.

— Wiring having sasic insuLaTion only shall be‘protected by additional fixed slegving or by

other similar means where it is in direct cantact with metal parts and where spch wiring

is subject to a relative movement in NnormAL use during which it is in direct contact with

metal parts.

— equipMmeNT shall be so designegd that wiring, cord forms or components are npt likely to

be damaged in the normal process of assembly or replacement of covers or the

opening or closing of inspection doors.

Compliance is checked by jnspection and, where appropriate, by manual test.

b) |Bending

Gujding rollers of leads shall be constructed in such a manner that movable leads in NorRMAL usE
arg not bent reund a radius of less than five times the outer diameter of the lead conferned.

Compliance s checked by inspection and measurement of the relevant dimensions.

c¢) |Insulation

— If insulating sleeving is needed on internal wiring, it shall be adequately secured.
Sleeving is regarded as adequately secured if it can only be removed by breaking or
cutting or if it is secured at both ends.

— Inside equipvenT the sheath of a flexible cord shall be used as suPPLEMENTARY INSULATION
only where it is not subject to undue mechanical or thermal stresses and if its insulation
properties are not less than those specified in IEC Publications 227 or 245.
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— Insulated conductors which in normAL usE are subject to temperatures exceeding 70°C
shall have an insulation of heat-resistant material if compliance with this Standard is

likely to be impaired by deterioration of the insulation.

Compliance is checked by inspection and, if necessary, by special tests. Temperatures shall be
determined as indicated in Clause 42.

Compliance of the sheath mentioned in the second dash is checked as follows:

The insulation shall withstand a dielectric strength test of 2 000 V for 1 min. The test voltage is
applied between a metal rod inserted into a sample of the sheath and metal foil wrapped

ar
d)

Al
Co
*e)
No

f)

Co
mo
co
ele

Co

59.
fol,

Th
of
req
shd

tethemsatation-for-atfengthrof-+6—cmm:
Materials
minum wires of less than 16 mm?2 cross-section shall not be used.

mpliance is checked by inspection.
Separation of circuits

used. See Clause 17.

Applicable requirements

hnecting cords between equipMENT parts, e.g. parts of an X-ray installation or a paTi

ctrical installations (in hospitals or otherwise).
mpliance is checked by application of the relevant tests of this Standard.
*See rationale for 59.1

1DV DR Modification of 59.1 by replacing the text contained in item (f) with the
pwing:

b installation. 0f 'connecting cords between EQuipMENT parts shall meet the requ
the National Electrical Code, ANSI/NFPA 70, as applicable. In addition
uirements in this standard, a cable used as external interconnection between
Ul be as follows:

1) If exposed to abuse, the cable shall be Type SJT, SJTO, SJO, ST, SO, S
equivalent flexible cord or similar multiple-conductor appliance-wiring material
such as computer cable.

2) If not exposed to abuse, the cable shall be as indicated in item (1) above
shall be:

i) Type SPT-2, SP-2, or SPE-2, or equivalent,

hitoring installation or a data-processing_installation or combinations thereof shall e
sidered as belonging to the equirmeEnT and not be subject to requirements for wiring of

ENT

irements
o the
Linits

TO, or

or

i) Type SVT, SVTO, SVE, or equivalent flexible cord or similar multiple-

conductor appliance-wiring material, or
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59.2 Insulation

iii) An assembly of insulated wires each with a NOMINAL insulation
thickness of 0,8 mm (1/32 inch) or more, enclosed in acceptable insul

ating

tubing having a n~owminaL wall thickness of 0,8 mm (1/32 inch) or more.

iv) Interconnecting cables operating at a voltage not exceeding 25 Vac
(RMS) or 60 Vdc or peak supplied from a source which is separated from

the suppLy maiNs by one of the methods described in Subclause 17(g).

If exposed to abuse, flexible cord or cable is considered protected from abuse from a
ing table or similar  equipmenT at a time when such equipment is likely to be used in the
vicinity of the equipmenT if one or more of the following conditions are met:

roll

This sub-c

59.1c).

a)

Nof used.
*b)| Mechanical strength and resistance to heat and fire

The insulating«characteristics, mechanical strength and resistance to heat and fire sh
retained by all~types of insulation, including insulating partition walls, even in the casd

ex

nded\use.
Cot[wliance is established by inspection and, if necessary, in conjunction with the fol

a) The entire cord or cable is 914 mm (3 ft) or more above the floor.
b) The cord or cable is guarded from contact by such EQuUIPMENT, Alcord (¢
exposed to abuse, or

¢) The entire cord or cable, which may be a retractable heli¢ally coiled type
constructed so as to retain its retractability, supplies a hand-held device. The
cord length is limited so that the unstretched cord does hot contact the floor

while the control device is in stored position or while-the control device is
positioned 610 mm (2 ft) above the floor.

*See rationale for 59:1DV

ause refers to parts of equipment other than wire insulation which is covered in

Fixing

r cable

that may touch the floor under any condition of intended use is to be ‘considefed

Sub-clause

bll be
of

owing

tests:

— resistance to moisture, etc. (see Clause 44);
— dielectric strength (see Clause 20);

— mechanical strength (see Clause 21).

Resistance to heat is established by the following tests which need not be performed if
satisfactory evidence of compliance is provided:
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1) For parts of the encLosure and other external insulating parts, the deterioration of

which could influence the safety of the equipment, by the ball-Pressure test:

encLosures and other external parts of insulating material, except the insulation of

flexible cords, are subjected to a ball-rressure test using the test apparatus s

hown in

Figure 48. The surface of the part to be tested is placed in the horizontal position and a

steel ball of 5 mm diameter is pressed against the surface with a force of 20

N. The

test is made in a heating cabinet at a temperature of 75°C = 2°C or at a temperature of
40°C % 2°C plus the temperature rise of the relevant part of insulating material

measured during the test of Clause 42, whichever is the higher.

BAS]
prg
we
are

Ce
SUR

Pa
reg

Tlllt:' IIJC!IIII I‘D VVl.tlllLlllaVVIl affc'l 1 lll allul tlllb‘ Llll.alllb‘tc'l Uf tlllt:' I.III[JIC'DDI.UII Illaulc' by L
measured. It shall be not greater than 2 mm. The test is not made on parts_ g
material.

2) For parts of insulating material which support uninsulated parts of the mai
deterioration of which could influence the safety of the eouiPmENT,\DY the ball-A
test:

A test is made as described in Item 1), but at a temperature of 125°C + 2°C
temperature of 40°C + 2°C plus the temperature risé«<which was determined ¢
test of Clause 42 of the relevant part, whichever s the higher.

The test is not made on parts of ceramic mateérial, insulating parts of commu
brush-caps and the like, on coil formers notused as REINFORCED INSULATION and
insulation of cords.

Note — For suppLEMENTARY INsuLATION @nd REINFORCED INsuLATION Of thermoplastic materials, see also
52.4.1.

Protection

C INSULATION, SUPPLEMENTARYAINSULATION and ReINFORCED INSULATION Shall be so designed
tected that they are not'likely to be impaired by deposition of dirt or by dust result
Ar of parts within thetequipmenT to such an extent that cReePAGE DISTANCES and AIR CLE
reduced below thevalues specified in Sub-clause 57.10.

[amic materialnot tightly sintered, and the like, and beads alone shall not be used
PLEMENTARY/INSULATION OI' REINFORCED INSULATION.

ts.af hatural or synthetic rubber used as sUPPLEMENTARY INSULATION iN CLASS Il EQUIPME
stant to ageing and be so arranged and dimensioned that cREEPAGE DISTANCES are I

1e ball is
f ceramic

s PART, the
RESSURE

or at a
juring the

ators,
the

bub-clause

or

ng from
ARANCES

as

T shall be
ot reduced

below the values specified in Sub-clause 57.10 whatever cracks may occur.

Insulating material in which heating conductors are embedded shall be considered as sasic
iINnsuLATion and shall not be used as REINFORCED INSULATION.

Compliance is checked by inspection, by measurement and for rubber by the following test:

Parts of rubber are aged in an atmosphere of oxygen under pressure. The samples are
suspended freely in an oxygen cylinder, the effective capacity of the cylinder is at least ten
times the volume of the samples. The cylinder is filled with commercial oxygen not less than
97% pure, to a pressure of 210 + 7 N/cm?P.
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The samples are kept in the cylinder at a temperature of 70°C + 2°C for 96 h. Immediately
afterwards, they are taken out of the cylinder and left at room temperature for at least 16 h.
After the test, the samples are examined and shall show no crack visible to the naked eye.

*See rationale for 59.2

59.3 Excessive current and voltage protection

— See Sub-clause 57.6.

— AN INTERNAL ELECTRICAL POWER SOURCE in EQuiPMENT Shall be provided with an appropriately raTeD

de

areg

H £ . H £ L ! () . bl
1L TUI plUtUbtlUll Clgalllbt e Tiazard Laustu Uy TALTSSIVE bullﬂlltb L} tl 1T LIUSS75T

thgl occurrence of a fire hazard in case of a short circuit.

Co

inspection of the design data.

— Huse elements replaceable without opening the encLosure of the EguipvenT shall be

en
uni

losed in a fuseholder. When fuse replacement can be carriedhout without the use
hsulated uve parts associated with the fuseholder shall beé:shielded to enable fuse

repglacement without a sarFeTy HAZARD.

Co

mpliance is checked by inspection and by the usé of'the standard test finger.

— Rrotective devices connected between an r-1YPe“apPLIED PART and the encLosure for ¢

of

Co

~F

59.4 Oil ca

-(
pos
oll
ma

-

broviding protection against excessive voltagées shall not operate below 500 V r.m.
mpliance is checked by testing the.operating voltage of the protective devices.

Or THERMAL CUT-0UTS and OVER-CURRENT RELEASES See Sub-clause 56.6a).

ntainers

il containers in rorTABLE EQUIPMENT Shall be adequately sealed to prevent loss of oi
ition. The container*design shall allow for the expansion of the oil.

containers<nvoeiLe EQuiPMENT Shall be sealed to prevent the loss of oil during tran
y be fittedavith a pressure-release device which can operate during NorRMAL USE.

artially sealed oil-filled equipmvenT Or EQuUIPMENT parts shall be provided with means f

the

oil level.

ctional

a and layout of the internal wiring or the rating of connected components may-give¢ rise to

mpliance is checked by inspection for the presence of protective meansand if nedessary by

ully
of a Toot,

he purpose
5.

in any

sport but

br checking

Compliance is checked by inspection of equipment and technical description, and by manual test.

60DV D2 Addition:

*See rationale for 60DV
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60DV.1 Separate power units
60DV.1.1 General
*See rationale for 60DV.1.1

60DV.1.1.1 A separate power unit (adapter, power supply, battery charger, or the like)
employing a separable connector for supplying the equipmenT shall be, (a) packaged with the
equipmenT, or, (b) be referenced by the following or equivalent marking on the EQUIPMENT:
" (equipment descriptive name) __ Model . " "Use only with

(manufacturers name or equrvalent) Model Adapter (power supply, battery charger,

"If a
reference is made to a manual, the manuaI shall be provided with the eQuipMENT and shall
cleprly tabulate the adapters (or the like) with which the EQuUIPMENT is intended to’b¢ used by
manufacturer’'s name and model number. Also, the eQuipMeNT shall be marked with Symbol
14 |of Table DI in Appendix D, if a reference is made to a manual.

60DV.1.2 Direct plug-in units

60PV.1.2.1 These requirements supplement the requirements in\this Standard.
60DV.1.2.2 Construction

60DV.1.2.2.1 A direct plug-in unit shall comply withithé mechanical assembly, ENCLOSURE,
input connections, accessibility of Live parts, andygrounding requirements specified in the
Stgndard for Class 2 Power Units, UL 1310.
60DV.1.2.3 Performance

60PV.1.2.3.1 A direct plug-in unit shall comply with the direct plug-in requirements for
Clgss 2 Power Units, UL 1310,
60DV.1.2.3.2 During the tests specified in Sub-clause 57.9.1 a) and 57.9.1 b), the external
ENndLosURE temperaturenrise of a direct plug-in unit shall not exceed 65°C, exgept a

tenpperature rise of 125°C is acceptable if the unit permanently opens within one hour pfter
initjation of the test.
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60DV.1.2.4 Markings

60DV.1.2.4.1 A direct plug-in unit provided with a mounting tab shall be marked in
accordance with the requirements for semipermanent mounted units specified in the
Standard for Class 2 Power Units, UL 1310.
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Figure 1 — Example of the defined terminals and conductors (see Clause 2).

® ®

|
-

1
|
J

®

ool [
o

]‘/@
@
o

|
|

|
|
® ®

J

APPLIANCE INLET (seée also Figure 5 MAINS PART

APPLIED PART MAINS TERMINAL DEVICE
Cpnduit POWER SUPPLY CORD

DETACHABLE POWER SUPPLY CORD SIGNAL OUTPUT PART

ENCLUSURE PROTECTIVE EARTH CONDUCTOR

Fixed wiring PROTECTIIVE EARTH TERMINAL
FUNCTIONAL EARTH CONDUCTOR MAINS PLUG
FUNCTIONAL EARTH TERMINAL POTENTIAL EQUALIZATION CONDUCTOR

SIGNAL INPUT PART

®EEAFIA®®EOE®

Means for the connection of a POTENTIAL
MAINS CONNECTOR EQUALIZATION CONNECTOR

PERVWEOOOVOW®

SM948
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Figure 2 — Example of a cLass | EQuIPMENT (See Sub-clause 2.2.4).

©) ®
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)

S

@)

Of

©)

Plug with protective earthing contact
DETACHABLE POWER SUPPLY CORD
APRLIANCE COUPLER

Protective earth contact and pin
FUNCTIONAL EARTH TERMINAL

BASIC INSULATION

ENCLOSURE

Ik

SM9028

SNSNONCEOEONORONONCRORS)

Intermediate Circuit
MAINS PART
APPLIED PART

Motor with accesible shaft

SUPPLEMENTARY INSULATION or PROTECTIVELY EARTHED

screen
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SM979

®

Figure 3 — Example of a metal-enclosed cLass i EQuiPMENT (See Sub-clause 2.2.5).

®

©

MAINS PLUG

POWER_SUPPLY CORD

BASIC INSULATION

SUPPLEMENTARY INSULATION

ENCLOSURE

® Q0 @ © @ © 6

@ ©

FUNCTIONAL EARTH TERMINAL

MAINS PART

APPLIED PART

REINFORCED INSULATION

Motor with accessible shaft
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Figure 4 — Not used.
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Figure 5 — Detachable mains connection (see Clause 2).

NN

SMe98 ©C)

1 APPLIANCE COYPLER

2 APPLIANCE INLHT

5 DETACHABLE POWER SUPPLY CORD

6 EQUIPMENT

7 FIXED MAINS SOCKET-OUTLET

8 MAINS CONNECTOR

9 MAINS PLUG
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Figure 6 — Not used.
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Figure 7 — Standard test finger (see Clause 16).
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Linear dimengions in millimetres

Tolerances or} dimensions without specific tolerance:
on gngles: +0/-10°
on linear dimensions:

dp to 25 mm: +0/-0,05

over 25 mm: 0,2
Material of parts 1, 2 and 3 metal (e.g. heat-treated steel)
Both joints of this finger may be bent through an angle of 90 (+10°/0) but in one and the same direction only.

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

0 to +10° tolerance.
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Figure 8 — Test pin (see Clause 16).
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Figure 9 — Test hook.(see Clause 16).
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Figure 10 — Measuring supply circuit with one side of the

SUPPLY MAINS at approximately earth
potential (see Sub-clause 19.4 b)).

LCND s o r—
T, e . ( ) ' ! !
. - —77° I
I I
I I
I I
Mains I I
I I
) | |
NCL) [ |
©— | |
I I
L | B
—~—{ )e——— 1] I
\S.= . - | o I
SM932
See legends #fter Figure 27
Figure 11 — Measuring supply circuit with the SUPPLY MAINS approximately symmetrical to| earth
potential (see Sub-clause 19.4 b)).
N1
I I
S, P, I I
Ly . . -———to |
(o T, | |
I I
(\/ V, | |
N I I
I, I I
Mains II : :
I I
L (\/ Vs, ! I
S. P, | |
.\o—o -————-0 |
I I
I I
SM933 L———J

See legends after Figure 27
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Figure 12 — Measuring supply circuit for polyphase

eQuipMeNT Specified for connection to a
polyphase suppLY MaINs (See Sub-clause 19.4 b)).
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® QF ===
€1 I I
SM943 ' feo

See legends #fter Figure 27
Figure 13 — Measuring supply circuit for single-phase eQuipMeNT specified for connectiop to a
polyphase suppLy mamns*(see Sub-clause 19.4 b)).
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See legends after Figure 27
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Figure 14 — Measuring supply circuit for either EQUIPMENT Supplied from a specified class |
single-phase power supply or for  equipmenT supplied from a specified class Il single-phase power
supply, not using in this case the protective earth connection and S g (see Sub-clause 19.4 b)).
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See legends gfter Figure 27
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Figure 15 — Example of a measuring device and its frequency characteristic (see Sub-clause
19.4e)).
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Equivalent to the above in subsequent figures.
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Figure 16 — Measuring circuit for the

EARTH LEAKAGE CURRENT Of cLASS | EQUIPMENT, With or without

APPLIED PART (See Sub-clause 19.4 f) and notes to Table IV). Example with the measuring supply
circuit of Figure 10.

L<ND

Mains

NCLD

f

SM936

T

—e

Ss R

T

—o FE

o PE

| 0
S R
R
r QS
R
pa— v

See legends after Figure 27

Measure in all possible combinations of positions of Sg, S;9 and Sy, with:

S, closed (normAL conbiTion), and

S, open (sinGLE FauLT conpiTion) and for measurement in accordance with Sub-clause 19.4a), Table IV, notes 1 up to and

including 4

S1 Open (SINGLE FAULT CONDITION)
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Figure 17 — Measuring circuit for the  EaRTH LEAKAGE CURRENT Of EQuIPMENT, With or without APPLIED PART,
specified for use with a specified class | single-phase power supply using the measuring
supply circuit of Figure 14 (see Sub-clause 19.4 f) and notes of Table IV).
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SM937 -

See legends fter Figure 27

Measure with MD1 and MD2, with Sg closed and S;, S, and S3 closed and under all possible combinations of positions of Sg, S,
S1;1 and Sp, (NORMAL CONDITION).

Measure with MD2, with Sg open (singLe FauLT conpiion) if the specified power supply is proTecTiveLy earTHED @and with Sq, S, and Sz
closed under all possible combinations of positions of Sg, S19, S1; and Sq,.

Additionally, with Sg closed and one of the switches S;, S, or S; opened in turn (sinGLe FauLT conpiTion) but only for measurements
in accordance with notes to Table IV.
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Figure 18 — Measuring circuit for the  ENCLOSURE LEAKAGE CURRENT . FOr cLAss Il EQUIPMENT the protective
earth connection and S ; are not used. Example with the measuring supply circuit of Figure 10
(see Sub-clause 19.4 g)).

L(N
) T2 <9
Mains
V)V
N(L) () 2
O,
1 e
HI&H
@
© 1 . O = ,—:—:——
Mpins VD3
V)V
© P
Sy I O L L=—
|
S P |
10 Jods FE I
|
— O tore | |
|
|
|
|
MD1 }
Si2 O‘Pl _______ _:
Sr938A =

See legends after Figure 27

Measure (with S; closed if cLass 1 equipmenT) under all possible combinations of positions of S;, Ss, Sg, S1g and Sy,. S; open is siNGLE

FAULT CONDITION.

Class | only:

Measure with S; open (sinGLE FauLT conpiTion) and with S; closed under all possible combinations of positions of Sg, Sg, S1g and Sy,.
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Figure 19 — Measuring circuit for the  ENCLOSURE LEAKAGE CURRENT Of EQuUIPMENT With or without AppLIED
PART, intended only for use with a specified single-phase power supply. For a specified single-

phase supply circuit of Class Il, the protective earth connection and S - are not used. Example
with measuring supply circuit of Figure 14 (see Sub-clause 19.4 aq)).
L) T 39
Mains
NO) Op
O,
O,
/ >
@ @ _——F
o ST Y R
[
Mains
NL) ©w
N S ’.’z_ < S ?'_ Liand
I
St O 22_ e i
5 e e |
I
i ) |
O ~4—~FE !
Kl O Pl i
I
- =) |
Siz Py !
O ___________ J
SM939A =

See legends gfter Figure 27

Measure with[MD1 and MD2 (with Sg closed if'specified power supply is of class I) under all possible combinations pf positions of
S1, S5, Sg and S11. S; Open IS SINGLE FAULT CENDITION.

Specified power supply of class | only:

Measure with[MD1 and MD2 with S; open (sincLe FauLT conpimion) and with S; closed under all possible combinations Jof positions of
S5, Sg and Slll

Measure with[MD3 and MD4 (with S closed if the equipment itself is of Class | and with Sg closed if the specified power supply is of
class 1) with:

* Sy, S, and Sz closed (NormAL conpiTion), and
* S, 0r S, or Sz open (sinaLE FAULT conpimion) under all possible combinations of positions of S and of Sy, Sy, S1; and
S
Measure with MD3 and MD4 with either (SINGLE FAULT CONDITION):
¢ S; open (when the equirment is of Class 1) or

* Sg open (when the specified power supply is of class I) and with S;, S, and Sz closed under all possible combinations
of positions of Sg and of Sg, S1g, S11 and Sy,.
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Figure 20 — Measuring circuit for the  paTIENT LEAKAGE cURRENT from the AppLIED PART tO earth. For crLass
Il EQUIPMENT, the protective earth connection and S ; are not used. Example with the measuring
supply circuit of Figure 10 (see Sub-clause 19.4  h)).

LCND
Ss

T T — R

.'\‘ Ov ::l l::

Mains

NCLD

1

s, T 0 : = Il =

Su A
Oo——————OFE

S, R
Ot

<
|w]
¢ O

SM940

See legends aftersFigure 27

Measure (with S; closed if Class ) under all possible combinations of positions of S;, Sg and of Syq.
S1 Open iS SINGLE FAULT CONDITION.

Class | only:

Perform, if applicable, the test of Sub-clause 17a) (SINGLE FAULT CONDITION).

Measure with S; open (sincLe FauLT conpiTion) and with S; closed under all possible combinations of positions of Sg, S;9 and S;3.
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Figure 21 — Measuring circuit for the

caused by an external voltage on the

PATIENT LEAKAGE CURRENT Vi@ an F-TYPE APPLIED PART tO earth
APPLIED PART. FOr cLass 11 EQUIPMENT the protective earth

connection and S ; are not used. Example with the measuring supply circuit of Figure 10 (see

LIND

Mains

NCLD

I

Sub-clause 19.4 h)).

© 6

T & OFE = =
CV V,
.y P,

S O = =
<=1
S R | -
=

S, R [j

L(ND
O, Te

Mains

N,

NMD
Ss R
B S
—

SM941

See legends after Figure 27

Measure (with S; closed, if cLass 1 EquipmenT) with S; closed under all possible combinations of positions of Sg, Sg, S1g and S;3 (siNGLE

FAULT CONDITION).
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Figure 22 — Measuring circuit for the  paTiENT LEAKAGE cURRENT from the appLIED PART tO earth caused
by an external voltage on a  SIGNAL INPUT OF @ SIGNAL OUTPUT PART. FOr cLAss Il EQUIPMENT the protective
earth connection and S ; are not used. Example with the measuring supply circuit of Figure
10 (see Sub-clause 19.4 h)).

L<ND S
O— —
Mains
V)V,
NCLD C
©
1 O
H&H
®
L) . Sy = @
' SN O = =
Mains
V)V,
NCLD C
© ) P
S O l = =
Sio R
O + o FE
S, R
. O o PE
®
R
MD O
Sz
SM942 -4

See legends after Figure 27

Measure (with S; closed, if Class 1) with S; closed under all possible combinations of positions of Sg and Sg, S;g and S;3 (siNGLE

FAULT CONDITION).
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Figure 23 — Measuring circuit for the  pATIENT LEAKAGE cURRENT from the AppLIED PART tO the ENcLOSURE

of INTERNALLY POWERED EQUIPMENT (See Sub-clause 19.4 h)).

®

MD

SMI10

See legends after Figure 27

Measure between the appLieD PArRT and the encLosure (NormAL conprmion). Perform, if applicable, the test of Sub-clause 17a).
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Figure 24 — Measuring circuit for the = PATIENT LEAKAGE CURRENT Via an F-TYPE APPLIED PART tO the
ENCLOSURE Of INTERNALLY POWERED EQUIPMENT (See Sub-clause 19.4 h)).

@

+1

®
@

n

y
[ I

I

Mains

N O,
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See legends after Figure 27


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

180 UL 60601-1 APRIL 25, 2003

Figure 25 — Measuring circuit for the  pATIENT LEAKAGE CURRENT from the appLIED PART tO earth of
INTERNALLY POWERED EQUIPMENT, caused by an external voltage on a  SIGNAL INPUT OF SIGNAL OUTPUT PART
(see Sub-clause 19.4 h)).

LCND
T, P,

O

Mains

NCLD

i

|||—

]
Lz ]
®
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See legends after Figure 27
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Figure 26 — Measuring circuit for the  PATIENT AUXILIARY CURRENT. FOr cLAss Il EQUIPMENT, the protective
earth connection and S ; are not used. Example with the measuring supply circuit of Figure
10 (see Sub-clause 19.4 ))).

T- 0"

Reseau
Mains

() MD
N

NCLY

—e_|| P,
S O — —
Su R
O o e

- — — — 0 PE

SM934

See legends after Figure 27

Measure (with S; closed if Class I) under all possible combinations of positions of S;, Sg and Sy.
S1 Open iS SINGLE-FAULT CONDITION.

Class | only:

Measure with S; open (sincLe FauLT conpition) and with S; closed under all possible combinations of positions of Sg and S.
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Figure 27 — Measuring circuit for the

Sub-clause 19.4 ))).

PATIENT AUXILIARY CURRENT Of INTERNALLY POWERED EQUIPMENT (See

]
| |

@ MD
|

-] _

SMP11

See legends

Legends of dymbols for Figures 10 to 27

EQUIPMENT ENCLOSURE

Specified power supply

SIGNAL INPUT OF SIGNAL oyTpuT*PART Short-circuited or loaded

INTERNAL ELECTRICAL POWER SOURCE

APPLIED PART

ACCESSIBLE METAL PART NOt being an APPLIED PART and NOt PROTECTIVELY EARTHED

Single-, double-, polyphase isolation transformers with sufficient power rating and adjusta
Voltmeters indicating r.m.s. value, using, if relevant and possible, one meter with a comm|
Single=pole switches, simulating the interruption of a power supply conductor (sINGLE FAULT|
Cemmutator switches to reverse the polarity of the mains voLTace

Single-pole switches, simulating the interruption of a single proTECTIVE EARTH CONDUCTOR (SIN
Switches for connecting a FuncTionaL EarRTH TERMINAL tO the earthed point of the measuring
Switch for connecting an r-tvpe appLiED PART tO the earthed point of the measuring supply

pble output voltage
utator switch

CONDITION)

LE FAULT CONDITION)
upply circuit.
ircuit

and-not
SHRE-ROHPF

MD(1,2,3,4)
FE
PE

Suateh faor connacting to aqrth on not-baina-an
WHER—B+ RReEHAgH St ESSIBEE-MEFAPART-ROt-BEHgaR-APPHED—PART

Sockets, plugs or terminals for the supply connection of the equipmenT
Sockets, plugs or terminals for the connection to a specified power supply
Sockets, plugs or terminals for the paTiENT conNECTIONS

Measuring devices (see Figure 15)

FUNCTIONAL EARTH TERMINAL

PROTECTIVE EARTH TERMINAL

Optional connection.

Impedance for protection of user of test apparatus.

TECTIVELY EARTHED
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Figure 28 — Example of a circuit for dielectric strength test at operating temperature for heating
elements (see Sub-clause 20.4).

L,
L.

|

@ Test tronsformer

@ Isolating transformer
(3) EQUIPMENT

SM947
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Figure 29 — Maximum allowable current |,z as a function of the maximum allowable voltage U ,5
measured in a purely resistive circuit with the most readily flammable mixture of ether vapour
with air (see Sub-clause 40.3).

N\
AN Test appargtus
‘\/_ ]zR A UzR =50 w
N
, \
Non—allowable combinations
1
\
\
\
0.5 \
— Allowable combinations \
0.2 w.
|"U:R =42V
0.1 |
10 20 . 50 100
{ -

UzR
SM900 773/88
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Figure 30 — Maximum allowable voltage U .- as a function of the capacitance C 5 measured in a
capacitive circuit with the most readily flammable mixture of ether vapour with air (see Sub-

clause 40.3).
VvV 500 |
Uzc* | | |
_&Uzc = 242V RE>80000Q *
- —— | \\
v — c I \
T T 5
100 N Test apparatus —]
-
g [ ]
50 NN Non—allowable combinations.
N
Allowable cpmbinations \\’J\ "
S 72eu = 1amp
I~
20 ~7/
NG |
.
.
10 —
0.05 0.1 0.2 0.5 1 2 5 10 20 ~

— uF

*

000Q or the actual resistance, if R is less than 8006

774/88

SM901

Figure 31 + Maximum allowable current |, as a<unction of the inductance L 5, measiired in an
inductivg circuit with the most readily flammable mixture of ether vapour with air (see Sub

clatse 40.3).
mA 1000 T T T 17T I T T 111 I I
!sz [ T T1T11 [ TT1ITR I |
| o |
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o 14 24V
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N
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Lmox = 900 mH——| ™N|
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2 5 10 20 50 100 200 500 ‘ 1000
—&= mH
Lmox

SM986
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Figure 32 — Maximum allowable current | ,5 as a function of the maximum allowable voltage U g,
measured in a purely resistive circuit with the most readily flammable mixture of ether vapour
with oxygen (see Sub-clause 41.3).
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Figure 33 — Maximum allowable voltage U ,¢ as a function of the capacity C ,ax, measured in a
capacitive circuit with the most readily flammable mixture of ether vapour with oxygen (see
Sub-clause 41.3).
100 T T T 117
I A I I |
\% R>80000 * —

Uw? 50 v . —

T T -

Test opparatus

20 Uge =17V Non-allowable combinations
- - L e e
Allowable combinations —
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2 |
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B —— F
L Cooe

*80000Q, or the actual resistance, if R is less than,'80000Q

SM908A

Figure 34 + Maximum allowable current |, as a<function of the inductance L 5, measiired in an
inductivie circuit with the most readily flammalle mixture of ether vapour with oxygen (see
Sub-elause 41.3).
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Figure 35 — Not used.
Figure 36 — Not used.

Figure 37 — Not used.

Figure 38 — Ratio between HybrRAuULIC TEST PRESSURE and MAXIMUM PERMISSIBLE WORKING PRESSURE (See
Sub-clause 45.2).
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Figure 39 — Example 1 (see Sub-clause 57.10).
<1 mm

Condition: Path under consideration includes a parallelzor converging-sided groove of any
depth with a width less than 1 mm.

Rule: CREEPAGE DISTANCE and AIR cLEARANCE are measured directly across the groove as
shown.

Figure 40 — Example 2 (see Sub-clause 57.10).
]
< e Ly
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W 4
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. > 4
N > 4
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N\ v 4
) ¥ v 4
N v 4
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N v 4
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h v 4
" ™ 4
N o>
g o
. o5
N >
" >
P~ >
S3410C

Condition: Path under consideration includes a parallel-sided groove of any depth and
equal to or more than 1 mm.

Rule: AIR cLEARANCE iS the “line of sight” distance. Creepage path follows the contour of

the groove.
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Figure 41 — Example 3 (see Sub-clause 57.10).

1

AN

S3411B

Condition: Path under consideration includes a V-shaped,groove with a width greater than
1 mm.
Rule: AR cLEARANCE IS the “line of sight” distanCe! Creepage path follows the contour of

the groove but “short-circuits” the bottom of the groove by a 1 mm link.

— T T T AR CLEARANCE == CREEPAGE DISTANCE

$3408C
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Figure 42 — Example 4 (see Sub-clause 57.10).

S34112A

Condition: Path under consideration includes a rib.

Rule: AIR CLEARANCE iS the shortest direct air path’ over the top of the rib. Creepage path
follows the contour of the rib.

Figure 43 — Example 5 (see Sub-clause 57.10).
<1 mm < T mm
— ———— —— ———
S3413C

Condition: Path under consideration includes an uncemented joint with grooves less than 1
mm wide on each side.

Rule: CREEPAGE DISTANCE and AR cLearRance path is the “line of sight” distance shown.
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Figure 44 — Example 6 (see Sub-clause 57.10).
> 1 mm > 1 mm

=
S34148B
Condition: Path under consideration includes an unceménted joint with grooves equal to or
more than 1 mm wide on each side.
Rule: AR cLEARANCE IS the “line of sight” distanCe! Creepage path follows the contour of

the grooves.

— T T T AR CLEARANCE == CREEPAGE DISTANCE

$3408C



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003

UL 60601-1

193

Figure 45 — Example 7 (see Sub-clause 57.10).

> 1 mm
e BEEEEE—

<1 mm

S3415C

Condition:

Rule:

$3408C

Path under consideration includes an unceménted joint with a groove on one
side less than 1 mm wide and the groovenythe other side equal to or more

than 1 mm wide.

AIR CLEARANCES and CREEPAGE DISTANCES ate.as shown.

— T T T AR CLEARANCE

TTEITET CREEPAGE DISTANCE



https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003

194 UL 60601-1
Figure 46 — Example 8 (see Sub-clause 57.10).
> 1 mm
7/}
T' 4 .
I
|
1mm et
L__[N
P
/
I
S3419C
Gap between|head of screw and wall of recess wide enough to be taken into’account.

Figure 47 — Example 9 (see Sub-clause 57.10).
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Gap between head of screw and wall of recess too narrow to be taken into account.

Measurement of creepace pisTance is from screw to wall when the distance is equal to 1 mm.

— T T T AR CLEARANCE == CREEPAGE DISTANCE

$3409C
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Legends to Figures 39 to 47 (see Sub-clause 57.10)

1) The following methods for determination of creerAGe pisTancEs and AR cLEARANCES Shall be
used in interpreting the requirements of this Standard.

The methods do not differentiate between gaps and grooves nor between types of insulation.

The following assumptions are made:

a) A transverse groove may have parallel, converging or diverging sides.

2)

pa
co
elg

3)

the
les]
att

4)

CRH
cas

5)

b) Any corner with included angle less than 80° may be assumed to be bridg
insulating link of 1 mm moved into the least favourable position (see Eiglire 4

c) Where the distance across the top of a groove is 1 mm or motes No creep,
exists across the air space (see Figure 40).

d) CRrREEPAGE DISTANCES and AIR CLEARANCES measured between_parts moving reld
each other are considered in their least favourable position.

e) Computed creerPAGE DISTANCE IS never less than measured AR CLEARANCE.

f) Any air gap less than 1 mm wide is ignoréd in computing the total AR cLEAA
Figures 39 to 47).

Live parts which are varnished, enamelled-0¥ oxidized only are considered to be bj
ts. Coverings of any insulating material, however, may be considered as insulatior
ering is equivalent to a foil of insulating material of equal thickness with respect ta
ctrical, thermal and mechanical praperties.

If CREEPAGE DISTANCES OF AIR CLEARANCES are interrupted by a floating conductive part,
sections shall be not lessthan the minimum specified value given in Table XVI. [
5 than 1 mm are not taken into consideration. If the reference voltage is above 1 (
bntion should be paithto the voltage division by the capacitances.

If there are graoves transverse to the creerace pisTance, the wall of the groove is @
EPAGE DISTANCE ONIy if the width of the groove is more than 1 mm (see Figure 40).
es the gfaove is neglected.

In the case of barriers placed on the surface of insulation or held in a recess, the

DIS

ed with an

1).

RGE DISTANCE

tive to

ANCE (See

HIe LIVE
0, If the
its

the sum of
Distances
00 V,

ounted as
n all other

ICREEPAGE

'ANCE may be measured over the barrier only if the latter is so fixed that dust and 1

noisture

cannot penetrate into the joint or recess.

6) Narrow gaps, running into the direction of a possible creepage path and being some tenths
of 1 mm wide only, should be avoided as far as possible, for dirt and moisture may deposit
there.

7) In figures 43 to 45 uncemented joints are mentioned for conditions of examples 5 to 7. For a
description of cemented joints see subclause 57.9.4 f), second dash, in this Standard.
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Figure 48 — Ball- pressure test apparatus (see Sub-clause 59.2 b)).

7TINS” / K N
SPHERICAL SAMPLE

S15988B

Figure 49 + Not used.
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Figure 50 — Application of test voltage to bridged PATIENT CONNECTIONS fOI DEFIBRILLATION -PROOF APPLIED

PARTs (See subclause 17 * h))

Ry 100 k0

1/ R1 1 kQ

j———— — -

|

|

|

| Unearthed

I ACCESSIBLE

I|I: jI—|L I : S

—= SIGNAL SIGNAL /ports of ENCLOSURE
INPUT OUTPUT

PART PART
R 500 R 100 Q

Foil in contact\with non—con

| S

Foil at base of R <100

EQUIPMENT

(CLASS | EQUIPMENT)

Protective earth %C 32 uF

= S39#4A =

See legends aftersFigure 27.

MAINS =
PART 1 ! —
: DT S

= 5KV

| R1OOQ[ Vr| Je
— PATIENT - |
p— CIRCUIT |

HE———— | L 500 uH

V: Test voltage

S Switch for applying the test voltage

R1,R, Toleranced at 2%, not less than 2 kV; other components toleranced at 5%

CRO Cathode-ray oscilloscope (Z;j, = 1 MQ)

D,,D, Small signal silicon diodes

ductive


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

198

UL 60601-1

APRIL 25, 2003

Figure 51 — Application of test voltage to individual

PATIENT CONNECTIONS fOr DEFIBRILLATION -PROOF
APPLIED PARTS (See subclause 17 * h))
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; T R1000Q
' e o——|||
|
—= PATIENT ) |
N CIRCUIT TF LA
N | *——
Foil at base of
EQUIPMENT
Protective earth
(CLASS | EQUIPMENT)
—  S394¢
See legends aftersFigure 27.

ductive

100 Q

—

5kV
VT d.c.

uH
Q

L F

Vy

S Switch for

Rl,R2

Test voltage

applying the test voltage

CRO Cathode-ray oscilloscope (Z;j, = 1 MQ)

D;,D, Small

signal silicon diodes

Toleranced at 2%, not less than 2 kV; other components toleranced at 5%
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Figure 52DV D2 Addition:

Figure 52DV — Example for 57.5DV
B

>

B

7

o O

//D

d
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s

— Field Wiring Compartment

— Barrier
— Terminal Block Not Intended for Field Wiring

— Factory Wire Compartment

OO >»

S2274
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APPENDIX A
GENERAL GUIDANCE AND RATIONALE"

Al General Guidance

This general safety Standard for MEDICAL ELECTRICAL EQUIPMENT iS necessary because of the particular
relationship of such equipmenT to the paTiENT, the oPERATOR @nd the surroundings. The following aspects play
an important role in this relationship:

a) Fhemabitity-of PAreENT Ot oPERRTORtotetectthepresenceof certampotenttat-trazayds, such
as jjonizing or high-frequency radiation.

b) |Absence of normal reactions of the paTient who may be ill, unconscious, anaésthetized,
immobilized, etc.

c¢) |JAbsence of normal protection to currents provided by the paTienT's™Skin, if this is pgnetrated
or freated to obtain a low skin-resistance.

d) [Support or replacement of vital body functions may depefd on the reliability of eqyiPmeNT.
e) [The simultaneous connection to the patient of moresthan one piece of eQuiPMENT.

f) Combination of high-power equipmenT and sensitive low-signal equipmenT often in ad[hoc
comnbinations.

g) [The application of electrical circuits directly to the human body, either through contacts to
the| skin and/or through the insertion of gprebes into internal organs.

h) |Environmental conditions, particularly in operating theatres, may present a combination of
humidity, moisture and/or fire orlexplosion hazards caused by air, oxygen or nitrous a@xide
combined with anaesthetic média and cleaning agents.

“In the first edftion Appendix A was entitled “Survey of medical electrical equipment.” It has been deleted and replaced py the present
appendix.
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Al.1 Safety of mebicAL ELECTRICAL EQUIPMENT, as described in IEC Publication 513, is part of the total safety
situation, comprising safety of equiement, safety of the installation in medically used rooms of medical
establishments and safety of application.

Safety of equipmenT is required for NormAL use and NorMAL conpiTion and for siNGLE FAULT conpiTions. Reliability
of functioning is regarded as a safety aspect for life-supporting equipment and where interruption of an
examination or treatment is considered as a sareTy HazarD for the PATIENT.

Adequate construction and lay-out which serve to prevent human errors are regarded as safety aspects.

Safety precautions are considered acceptable if they provide adequate protection without an undesirable
restriction gfrormrat-fomction:

Generally if is presumed that equipvenT is operated under the jurisdiction of qualified or.licensg¢d persons,
that the orgraTor has the skill required for a particular medical application and that he lacts dccording to
the instructjons for use.

The total safety of euipmenT may consist of:
— Rrotective precautions incorporated in the equipmenT (unconditional safety).

— Additional protective precautions, such as the use of shields or protective clothing (conditional
safgty).

— Restriction in the instructions for use concerning:transport, mounting and/or positioting,
connection, putting in service, operation and the“paosition of the oreraTor and his assigtants in
reldqtion to the equipvenT during use (descriptive-safety).

Generally, pafety precautions are presumed to be applied in the order as described here. They may be
attained by| sound engineering (which includes*knowledge of methods of production and enyironmental
conditions [during manufacture, transport;(storage and use), by application of redundancy|l and/or by
protective dlevices of a mechanical or €léetrical nature.

Reference |to other publications is*enly made if such publications are of a general nature, [that is, not
restricted tp particular equirmMeNT\typeS (see References in Appendix L). In other cases requir¢ments and
tests have peen adopted unmodified or slightly modified, without quoting the source.

Al.2 Guidance to the«second edition

In this second edition a number of clauses and sub-clauses from the first edition have been |deleted as,
e.g., when [nho_test requirements are available or when it is indicated "under consideration”.

In order to indicate the relevant subject the title is kept, so that Particular Standards may refer to this
sub-clause.

The paragraphs concerning the content of Particular Standards have been moved from Clause 1 to this
Appendix (A2 Sub-clause 1.3).

Specifications of environmental conditions formerly in Sub-clause 1.4 now appear as a requirement for
equipMenT in Clause 10, where it is stated that compliance with these requirements for operation is
considered to have been checked by application of the test of this Standard.
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The new specification of the scope (Sub-clause 1.1) refers to a new definition of MEDICAL ELECTRICAL
eQuiPMENT Which is considered to be more appropriate and more practical (see Sub-clause 2.2.15).

A new defined concept proTECTIVELY EARTHED has been introduced.

The term sareTy Hazarp and its definition will simplify referencing in the standard itself (see Sub-clause

2.12.18).

The standard now distinguishes between an operaTor Of EQuiPMENT and a user, who may be considered
responsible for its proper application and maintenance (see Sub-clauses 2.12.17 and 2.12.13).

The seque
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htion 536 (1976) and which were of descriptive nature have been deleted.

between accessiBLE PARTs and Live parts (see Clause 17). The paTient currents allg
TANCE and AR cLEARANCES are less than the values in Sub-clause 57,10'\were chang
INGLE FAULT cONDITION t0 those for NORMAL CONDITION.

ment in Sub-clause 18¢) for a facility for connection of a POTENTIAL EQUALIZATION CON
hnd replaced with requirements for the construction of suéh & connection if provide

es to an additional proTECTIVE EARTH coNDUCTOR Were deleted, because the protectivg
ductor was no longer recognized.

nce of sub-clauses of Clause 18 was rationalized.

ix was added illustrating the connectign“~of the appLiED PART fOr measurement of
RENT and of the paTIENT auxiLiARY cURReNT(See Appendix K and Sub-clause 19.1e)).

ble ENCLOSURE LEAKAGE CURRENT fOILJEQUIPMENT With @ TYPE CF APPLIED PART iN NORMAL Cq
bm 0,01 mA to 0,1 mA.

ith a high earTH LEAKAGE~CURRENT due to compliance with requirements for radio-i
N was recognized.

S 19.4a) and 20.4a) were changed.
5. meter Was recognized as a suitable instrument for LEAKAGE CURRENT Measuremen

vas, rearranged in a number of ways:

erived from

bments for the separation between an appLiED PART and Live parts were, also applied to the

wed where
ed from the

DUCTOR Was

d.

function of

the pATIENT

NDITION Was

nterference

Z

-1

he requirements for the insulation between the mains pPArRT and other parts were ex

include all uive parts, but restricted to cases where a saFety HazarD Would develop.

ended to

— For each patrticular insulation a statement was added to clarify that such insulation would be

BAS

IC, SUPPLEMENTARY, DOUBLE OI' REINFORCED INSULATION.

— As a result all references to the Class of equipment (I, 1l, INTERNALLY POowERED) could be deleted
and Tables V, VI and VIl replaced by one new much simplified Table V. Test voltages for
reference voltages of more than 10 000 V were referred to Particular Standards.
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— The insulation between an r-1ypPe appLIED PART and the encLosure of the equipMENT Was reviewed
to distinguish the case where such an appLiED PART Would contain voltages which would make the
pATIENT LIVE When the insulation would become defective (see new categories B-d and B-e).

— Sub-clauses 20.1, 20.2, 20.3 and 20.4 were rearranged to include exclusively all statements
pertaining to their titles.

— The new version of Clause 20 has led to an important simplification of Sub-clause 57.10 in
Section Ten (AR CLEARANCES and CREEPAGE DISTANCES).

Al.3 Protection against electric shock hazards

Protection Lgainst electric shocks caused by currents not resulting from the specified physieal)y
of EQUIPMEN]

- B
pafts which are Live or may become uve in the case of an insulation failure, by means

en

—r
uni

pre

Generally,

— g

The value
stimulation
is made an

Currents of
ventricular
negligible,

The sensiti
of contact

msulation of adequate quality and eanstruction (see Clause 17).

may be obtained by a combination of the following measures:
revention of contact between the body of the paTienT, the operaToRr, Or a third persd
losing, guarding or mounting in inaccessible locations;
pstriction of voltages on or currents from parts which may bestouched intentionally
htentionally by the patient, the operaTor Or a third person. These voltages or currer
sent during NORMAL USE OF may appear in SINGLE FAULT CONDITION.
his protection is obtained by a combination of:

mitation of voltage and/or energy, or protective earthing (see Clauses 15 and 18);

nclosing and/or guarding of Live parts (see Clause 16);

bf electric current flowing in‘the human or animal body which may cause a certai
varies from individual to-individual, according to the way in which the connection
d according to the frequency of the current applied and its duration.

low frequency flowing directly into or through the heart considerably increase thg
fibrillation. For_currents of medium or high frequency, the risk of electric shoch
but the risk«afburning remains.

vity ofsthe human or animal body to electric currents, depending upon the degree

bhenomena

n and
of

or
ts may be

h degree of
lo the body

e danger of
is less or

and nature

with the equipvenT, leads to a system of classification reflecting the degree an;r

quality of

protection previded by the appLiED PARTS (Classified as Tvpes B, BF and cF APPLIED PARTS). TYPES B ar|d BF APPLIED

pARTs are generally suitable for applications involving external or internal contact with the paTienT, excluding
the heart. TvpPE cF APPLIED PARTS are suitable for biIRECT CARDIAC APPLICATIONS.

In conjunction with this classification, the requirements for allowable Leakage currenT have been
formulated. The absence of sufficient scientific data concerning the sensitivity of the human heart for
currents causing ventricular fibrillation still presents a problem.

Nevertheless, engineers are provided with data enabling them to design equipmenT; S0, for the time being,
the requirements represent what is considered reasonably safe.

The requirements for Leakace current were formulated taking into account:
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a) that the possibility of ventricular fibrillation is influenced by factors other than only electrical
parameters;

b) that the values for allowable LeakaGE CURRENTS in sINGLE FAULT conpiTion should be as high as is
considered safe, taking into account statistical considerations, and

c) that values for NorMAL conpITION are necessary to create a safe condition in all situations by
providing a sufficiently high sareTy FacTor with respect to SINGLE FAULT CONDITIONS.

The measurement of Leakace currents has been described in a way which enables the use of simple
instruments, avoiding different interpretations of a given case and indicating possibilities for periodic

checking b

The dielec
different pl

Al.4 Protg
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deterioratig
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ic strength requirements are included to check the quality of the insulation\mate

I
1068 in the EQUIPMENT.

ction against mechanical hazards

Nts in Section Four are divided into one part describing sarety Hazarps caused by
n of equipment (mechanical strength) and several parts describing hazards of a
ed by equipmenT (injury by moving parts, by rough surfaces, by sharp edges and

rial used at

damage or
mechanical
corners, by

by expelled parts, by vibration and noise and by breakdown of patient supp@rts and of

means for eQuiPMENT parts).

ay become unsafe because of parts damaged or.deteriorated by mechanical stresg
SURES, shocks, vibration, by ingress of solid patticles, dust, fluids and moisture and

gases, by fhermal and dynamic stresses, by corrosion{by loosening of fastenings of a movir

suspended
Effects of

- N
eX4d
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provision o

EQUIPMENT p
to withstan

mass and by radiation.
hechanical overloads, material failuke or wear can be avoided by:

heans which interrupt or rentér non-hazardous the operation or the energy-supply
imple, fuses, pressure valves) as soon as overloading occurs;

es such as
aggressive
g part or a

(for

heans which guard_against or catch flying or falling parts (caused by material failufes, wear

bverload) which may constitute a saFETY HAZARD.

hgainst breakdown of paTiEnT supports and suspensions can be provided by redund
safety catches.

brts.which are intended to be held in the hand or positioned on a bed must be suffici
'a_fall. They may be subject to vibration and shocks, not only when transported bu

ancy or the

bntly robust
[ also when

used in vehicles.
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Al.5 Protection against hazards from unwanted or excessive radiation

Radiation from mebicaAL ELECTRICAL EQuUIPMENT May occur in all forms known in physics. Safety requirements
are concerned with unwanted radiation. Protective measures are necessary for equiement and for the
environment and methods for determining levels of radiation must be standardized.

Limits for equirment may have to be exceeded for the intended application, where the medical supervisor
takes the responsibility. For ionizing radiation IEC requirements generally comply with ICRP
Recommendations. Their purpose is to provide data which are immediately usable by designer and user.

Their evaluation is possible only by adequate study of operating methods and duration of operation of

EQUIPMENT afraposttioningof orerrTorand-assistantsTbecauseappitcationof-worstcase—conditions would

give rise to| situations which might hamper proper diagnosis or treatment.

Recent ICRP publications also instruct the operaTor in methods for the restriction of intentional irradiation.

Al1.6 Protgction against hazards of ignition of flammable anaesthetic mixtures

Al.6.1 Applicability

Where eo(
disinfection
are mixed

Ignition of
temperatur

Sparks mg
connectors

IN HiIGH voLT|

iPMENT IS used in areas in which flammable anaesthétics and/or flammable
and/or skin cleaning are applied, an explosion risk may-éxist if such anaesthetic
vith air, or with oxygen or nitrous oxide.

such a mixture may be caused by sparks oriby contact with parts having a h

a}

y be caused where electrical circuits ‘are opened or closed by operation o
fuses or over-curRRENT RELEASES and the like.

hGE parts sparks may be caused.by corona. Static discharges may cause sparks.

The probability of ignition of such anhaesthetic mixtures depends on their concentration, the

minimum ig

The hazard

nition energy, the presence of high surface temperatures and the energy of spark

caused by an ighition depends on the location and on the relative quantity of the

agents for
5 or agents

gh surface

switches,

appropriate
ng.

mixture.
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Al1.6.2 Industrial equipvEnT @and components

The constructional requirements of IEC Publication 79 are generally not appropriate for MeEDICAL ELECTRICAL
eQuipmeNT for several reasons:

a) they lead to constructions of a size, weight or design which are not applicable for medical
reasons and/or which may not be sterilizable;

b) some constructions allow an explosion inside an encLosurg, but prevent propagation outside
it. Such a construction which may be inherently safe would be unacceptable in an operating

the

atre where continuity of operation of equipvENT IS essential;

c)

applied to mixtures with oxygen or nitrous oxide used in medical practice;

d)

However ¢
EQUIPMENT (4

Al1.6.3 Re
The locatio

— 9
mii

-3
ins

That stand
agents, th

flash-pointg.

humidity ar
or national

The requirgments, limits and tests of this section are based on the results of statistical cor

obtained fr
oxygen, ug
ether have

Where ten

ndustrial requirements were made for flammable agents mixed with air. They e&n

in medical practice flammable anaesthetic mixtures occur only in relatively small ¢

pome of the constructions described in IEC Publication 79 areCaeceptable for
ee Sub-clause 40.1).

7uirements fOf MEDICAL ELECTRICAL EQUIPMENT
h of flammable anaesthetic mixtures is described:

s much as necessary for the construction of equipmenT in Clause 37 of this Standal
imum for specified conditions of exhaust andsabsorption;

s much as necessary for the allocation\of*equipment and the construction of the eld
allation in IEC Publication 364.

brd additionally provides information on flammable concentrations of a number of
bir usual application concehtrations, ignition temperatures, lowest ignition €
Requirements for ventilation and exhaust of areas, maintenance of a minim
d permission to use certain eQuiPMENT types in certain areas may be subject to loc
and possibly legal régulations.

bm experiments with the most readily flammable mixtures of ether vapour with g
ng the tést-apparatus described in Appendix F. This is justified because combir
the lowest ignition temperatures and the lowest ignition energies of commonly usq

peratures or circuit parameters of equiPMENT USed iN @ FLAMMABLE ANAESTHETIC MIXT

hot be

uantities.

FATEGORY AP

d, as

ctrical

flammable
nergy and
m relative
hl (hospital)

siderations
ir and with
ations with
d agents.

VRE WITH AIR

exceed allowable limits and sparking cannot be avoided the relevant parts and circuits can be enclosed
in EncLosures With pressurized inert gas or clean air or in encLosures with restricted breathing.

ENcLOSURES With restricted breathing delay the build-up of an ignitable concentration. They are recognized
because it is assumed that a period in which equiPMENT IS USed IN @ FLAMMABLE ANAESTHETIC MIXTURE WITH AIR

is followed

by a period of ventilation during which such a concentration will disappear.

For EQUIPMENT containing or used in a FLAMMABLE ANAESTHETIC MIXTURE WITH OXYGEN OR NITROUS OXIDE,
requirements, limits and tests are far more stringent.
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Requirements apply not only to normAL conpiTion but, additionally, in the siNGLE FAuLT conpiTioN, as indicated
in Sub-clause 3.6. Only two exemptions from an actual ignition test are recognized, these being either the
absence of sparks and limited temperature or limited temperature and restricted circuit parameters.

Al1.7 Protection against excessive temperatures and other sAFETY HAZARDS

— Temperatures (see Clause 42)

Temperature limits are required to prevent hazards for almost all types of electrical euiPmENT
with the purpose of preventing rapid ageing of insulation and discomfort where eQuiPMENT iS
touched or manipulated, or injuries where pATIENTS may contact EQuIPMENT parts.

EQU

pefmanently.

Fo

y

Ex
ELE

Th

applicable.

— A

Att
PRE

-

— 1
INtq
Al.8 Accy
IEC _Public
requiremen

generally fd

It is also, f
needed, fo

IPMENT parts may be inserted into body cavities, usually temporarily but sometimés

PATIENT contact, special temperature limits have been set.
Preventing fire hazard (see clause 43)

Cept for caTeGory AP and cATEGORY APG EQUIPMENT prevention of\the fire hazard of mep)
CTRICAL EQUIPMENT may be subject to requirements in Particular Standards.

b normal limits for operating temperatures and requirements for overload protectio

RESSURE vessels (see clause 45)

bntion is drawn to the requirements dealing with pressure vessels and parts subjed
ssure, Where no local regulations areravailable.

hterruption of the power supply«(see clause 49)

brruption of the power supply’ may cause a saFeTy HAZARD.

racy of operating data and protection against incorrect output

htion 601-1 is(the guideline for all Particular Standards and must therefore co
ts of a more.general character in order to serve this purpose. So it is necessary to

rmulatedirequirements in Section Eight.

or the-time being, and for several reasons, impossible to provide standards, eV
anumber of kinds of MEDICAL ELECTRICAL EQUIPMENT.

CAL

nare

ntain some
have some

en urgently

Standardization bodies, including those outside IEC, have taken over the system of this IEC Publication
in order to have an unique system of standards. In such cases it is most important to give a guideline in
this section as a help towards "functional” paTient safety.
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Al1.9 Abno

rmal operation and fault conditions; environmental tests

EQUIPMENT OF parts of equibmMenT may cause, due to abnormal operation, excessive temperatures or other
SAFETY HAZARDS. Therefore these abnormal operations or fault conditions must be investigated.

A1.10 apPPL

IED PARTS and encLosures — General

Parts which are intended to contact paTIENTs can present greater hazards than other parts of the EncLosURE,
and these arpLiED PARTS are therefore subject to more stringent requirements, for example, for temperature
limits and (according to classification B/BF/CF) for LEAKAGE CURRENT.

NO
dent
may

In order to

parts whiclh are simply considered as the encLosure. However there can be(difficulties in

especially
do so for tk

The distinc
essential fd

If contact i
contact reg

results fronp action by the paTienT, the PATIENT iS in most respects no more at risk than any othef

the require

In order to
process is

a)
APP

b)

c)

co
cuf
PAT]

_ . .
anding than those for  encLosures of other kinds of equipmenT, because the patient may touch them,or
touch them and the patienT Simultaneously.

determine which requirements apply, it is necessary to distinguish befween appuie

vith parts which can be expected to contact the paTiENT ON SOmMe_@gccdasions but do
e eQuipMeNT to perform its function.

ion between encLosures and appLIED PARTS iS made accordifig to two criteria. Firstly,
r the NnormAL use of the equipmenT, the part is subject to-the’requirements for appLiED

5 incidental to the functioning of the equipmenT, the part is categorized according
ults from deliberate action by the paTienT or by.the oreraTor. Where contact is ing

ments for encLosures are sufficient.

assess which parts are APPLIED PARTS, PATIENT CONNECTIONS and PATIENT CIRcUITS, th
bmployed in the order shown:

Determine whether the equipMenT has an appLiep pPART and if it has, identify the exte
| IED PART (these decisionseing based on non-electrical considerations).

If there is no appLIED ‘PART, there are NO PATIENT CONNECTION(S) OF PATIENT CIRCUIT(S).

If there is an akpuiED PART, there may be one or more pPATIENT coNNECTION(S). Where 3
ductive part.0f‘the appLiED PART IS not in direct contact with the paTienT, but is not is
rent can_flow through such a part to or from the patient, it is to be treated as an in
ENT CONNECTION.

h are more
the opPeErATOR

b PARTS and
doing this,
not have to

f contact is
PARTS.
to whether

idental and
person, so

e following

ht of the

blated and
Hividual

d)

The paTIENT circuiT then consists of these pATIENT connecTION(S) and any other condd

ctive parts

from which they are inadequately insulated/segregated.

NOTE — Relevant separation requirements are those which relate to
comply with the dielectric strength tests in clause 20, and the
requirements in subclause 57.10.

CREEPAGE DISTANCE and

A2 Rationale to particular clauses and sub-clauses

Clause

APPLIED PARTS and are necessary to

AIR CLEARANCE


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 200

3 UL 60601-1

209

1 Particular Standards can in further sub-clauses specify the particular subject and it should be quite clear

as to what

is being referred to in the General Standard and in the Particular Standard.

Only such laboratory equipvenT is included in the scope of this Standard which is related to the paTienT in
such a way that the paTiEnT's safety can be influenced.

Laboratory

EQuiPMENT Within the scope of IEC SC 66E is not covered by this Standard.

Combinations of equirment developed by the user may not conform to this Standard even if they are

composed

of equipmenT that, taken separately, satisfy the requirements of this Standard.

Sub-claus
1.3 A Part
-G
-0

-G
cla

-3
A Particula
a)

b)
the

c)

d)

e)
Subclause
2.1.5 This

which part
requiremen

cular Standard may state:
auses of the General Standard which apply without amendment;
auses or sub-clauses (or parts of them) of the General Standard(which do not ap

auses or sub-clauses (or parts of them) of the General Standard which are replag
Lise or a sub-clause in a Particular Standard;

ny additional clauses or sub-clauses.
[ Standard may contain:
requirements which result in an increased-~degree of safety;

requirements which may be less stringent than the requirements in this General S
latter cannot be maintained because of, for example, the power output of equiPme

requirements concerning perfermance, reliability, interfaces, etc.;
accuracy of working data;

extension and limitation of environmental conditions.

General.Standard includes a definition for appLiED PART Which, in most cases, clearly
5 of the equipmenT need to be treated as appLieD pARTs and comply with mor
ts.than those for encLosuREs.

Ys

ed by a

tandard, if
T,

lestablishes
e stringent

Excluded are those parts which are only likely to be contacted following an unnecessary action by the
PATIENT. Thus:

— An infrared therapy lamp does not have an appLiED PART because it does not need to be
brought into direct contact with the paTienT.

— The only part of an X-ray table which is an appLiED PART is the top on which the paTient lies.
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— Likewise, in an MRI scanner, the only appLiED PARTS are the table supporting the patient and
any other parts which must be brought into direct contact with the paTiENT.

This definition may not always clearly establish whether an individual part of a particular item of equiPmENT
is an appLIED PART. Such cases need to be considered on the basis of the above rationale, or by reference
to the Particular Standards which should specifically identify the appLIED PART(s) in particular types of

EQUIPMENT.

Subclause

2.1.15 Where arprLIED PARTS have PATIENT cONNECTIONS, these should be adequately separated from specified

LIVE parts v
the dielectr]

used to vellify compliance with these criteria.

H I} [ I} £ ] £ L
ItIIIII tl 1T EQUIFMENT altd, 111 tl 1T LadstT Ul TYFPE BF AllU TYFPE CF APFLIED FARTS, TTUITI Ualtll

¢ strength of the insulation involved, and assessment of crReepAGE DISTANCE and aR(CL

Testing of
EARANCE are

The definition of the paTiEnT circuiT is intended to identify all the parts of the equipment which [can readily
provide cuifent to, or receive it from, the PATIENT CONNECTION(S).

For an r-mPE APPLIED PART the PATIENT circuiT extends as seen from the paYient into the equipMenT to the
point(s) where the prescribed insulation and/or protection impedance is*\completed.

For a Type g APPLIED PART, the pPATIENT circuIT may be connected to protective earth.

Subclause

2.1.23 On¢ of the potential hazards associated with the~application of an arpLiED PART is the fact that
LEakAGE cURRENT may flow through the paTienT via the“appLiep paArT. Particular limits are plaped on the

magnitude

NO
AUXI

The definit
APPLIED PART]
CURRENT Mg

In some ¢

measuremeénts to determine which parts of the appLiED PARTS are individual PATIENT CONNECTIONS.

PATIENT CONN
into electrid
which do 1

of these currents, both in the normAL conpiTion and in various fault conditions.

[E — The current which flows through the ~J paTient, between various parts of the
IARY CURRENT. The Leakace current Which'flows through the

APPLIED PART, IS KNo|
PATIENT tO earth is Known as  PATIENT LEAKAQ
on of pATIENT conNEcTION iScihitended to ensure the identification of each individual
between which currentsmay flow as paTiENT AuxiLIARY cURRENT, and from which paT
y flow into an earthed, PATIENT.

hses it will be( necessary to carry out PATIENT LEAKAGE CURRENT and PATIENT AUXILI

ECTIONS.@re not always accessible to touch. Any conductive parts of the appLIED PART
al eontact with the eaTient, or which are prevented from doing so only by insulation

WN as PATIENT

E CURRENT .
part of the
ENT LEAKAGE

ARY CURRENT

vhich come
or air gaps
GE DISTANCE

ot_comply with the relevant dielectric strength tests or AR cLEARANCE and CREEPA

requirements specified in this standard, are PATIENT CONNECTIONS.

Examples i

nclude the following:

— A table top supporting a pATIENT IS an AppLIED PART. Sheets do not provide adequate insulation
and the conductive parts of the table top would therefore be classified as PATIENT CONNECTIONS.
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— The administration set or needle of an infusion controller is an appLiED PART. Conductive parts
of the controller separated from the (potentially conducting) fluid column by inadequate
insulation would be PATIENT CONNECTIONS.

Where an appLiED PART has a surface of insulating material, subclause 19.4 h) 9) specifies that it is tested
using foil or saline solution. This is then considered as a PATIENT CONNECTION.

Subclause

2.1.24 tvpe B APPLIED PARTS provide the lowest degree of paTient protection of all the types of appLiED PART
and are not suitable for DIRECT CARDIAC APPLICATION.

Subclause

2.1.25 TvPE
PARTS. This
the equiPmE
PATIENT CON

However, T
Subclause
2.1.26 TYPH
achieved b
limiting the
DIRECT CARDI
Subclause
2.1.27 Ab
accordancs
defibrillator|
APPLIED PART|
Sub-clausdg
2.3.2 This

Sub-clause

2.3.4 Basic

BF APPLIED PARTS provide a degree of paTieEnT protection higher than provided/by T
degree of protection is achieved by isolation from earthed parts and @ther accessi
T, thus limiting the magnitude of current that would flow through the ®AriENT in the ¢
acting other LIvE EQUIPMENT.

VPE BF APPLIED PARTS are not suitable for biIRECT CARDIAC APPLICATION:

cF APPLIED PARTS provide the highest degree of pATENT protection. This degree of g

y increased isolation from earthed parts and other accessiBLe parTs of the equip
magnitude of possible current flow through the PATIENT. TYPE CF APPLIED PARTS are
AC APPLICATION.

EFIBRILLATION-PROOF APPLIED PART is protected only against discharges of defibrillators

with IEC 601-2-4. Sometimés defibrillators of other construction are used in ho
5 with higher voltages andipulses. Such defibrillators may also damage beririL
S.

definition dees not necessarily include insulation used exclusively for functional pu

INSULATION @and SUPPLEMENTARY INSULATION can, if required, be tested separately.

PE B APPLIED
BLE PARTS Of
pvent of the

rotection is
enT, further
suitable for

esigned in
bpitals, e.g.
| ATION-PROOF

rposes.

Sub-clause

2.3.7 The term "insulation system” does not imply that the insulation must be one homogeneous piece.
It may comprise several layers which cannot be tested separately as SUPPLEMENTARY OF BASIC INSULATION.

Sub-clause

2.4.3 This

definition is based on IEC Publications 364-4-41 and 536.

Sub-clause
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2.5.4 This is distinct from what was formerly referred to as "patient functional current” which is intended
to produce a physiological effect, for example, current necessary for nerve and muscle stimulation, cardiac
pacing, defibrillation, high-frequency surgical procedures.

Subclause
2.6.4 In mebicAL ELECTRICAL EQUIPMENT functional earth connections may be made by means of a FuncTionAL

EARTH TERMINAL Which is accessible to the oreraTor. Alternatively this Standard also allows a functional earth
connection for cLass 11 EQuiPMENT Via @ green and yellow conductor in a power suppLY corbp. In this case the

parts concerned have to be insulated from accessisLE parTs (See subclause 18 /).

Sub-claus
2.7.6 Cord|sets are covered by IEC Publication 320.
Sub-clause
2.11.2 Thg maxiMum PERMISSIBLE WORKING PRESSURE iS decided by a competent persen, taking into account the
original defkign specification, the manufacturer’'s rating, the current condition of the vesdel and the
circumstanges of use.
In some countries, the figure may be reduced from time to time.
Sub-clause
2.12.2 Thg mopeL or TYPE REFERENCE IS intended to establish its relationship to commercial arjd technical
publications, to accompanying DocumenTs and betweenseparable parts of EQuiPMENT.
Sub-clause
3.6 As stajed in Sub-clause 3.1 equipment IS required to remain safe in sinGLE FAuLT conpiTioN. Thus one
fault of a single protective means is allowed.
The probapility of simultaneous, oecurrence of two single faults is considered small engugh to be
negligible.
This conditjon can only bé relied upon if either:
a) [the probability of a single fault is small, because of sufficient design reserve, or thg presence
of @& double_protection prevents the development of a first single fault, or
b) |assingle fault causes operation of a sareTy pevice (e.g. a fuse, over-cURRENT RELEASE| Safety

catch, etc.) which prevents occurrence of a saFeTy HAzARD, OF

c) a single fault is discovered by an unmistakable and clearly discernible signal which becomes
obvious to the operaTOR, Or

d) a single fault is discovered and remedied by periodic inspection and maintenance which is
prescribed in the instructions for use.

Non-exclusive examples of the categories a) to d) are:

a)

REINFORCED OI' DOUBLE INSULATION;,
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b)

CLASS | EQUIPMENT in case of a fault in BasiC INSULATION;

c) Abnormal indications of displays, defect in a redundant suspension cord causing excessive
noise or friction;

d) Deterioration of a flexible protective earth connection which is moved in NORMAL USE.

Sub-clause

3.6 ¢)

The appea
a SIGNAL INP)
means in 0
a single fai
is very unli

However, S
earthed by
must have
supply fred
would appsd

In this hypd
Clause

4 In EQUIPM
constructio

surroundings, even though causing a deterioration in or a failure of performance of equiPmeNT.

Sub-clause

4.1 In ordg
manufactu
assembly

individually,

Such meag

a)

quality)would be related to safety;

TS

aliLtt Uf all c)\tcula: vuitauc Ul alt F=TYFE AFPFLIED PAKT (VV:I;L,;I Iray IUC bUIIdUbt;Vﬂ:y U
UT PART OF t0 a siGNAL ouTpuT PART) would have to be caused by a double failure(o
ther equipmenT, simultaneously connected to the paTient and complying with this Star
ure of protective means in equipmenT Not complying with this Standard. As such th
ely in good medical practice.

ince the main safety feature of equipmenT with an r-Tyre AppLIED RARY IS that the PA
the connection to the equirmenT, the electrical separation of an\E*TYPE APPLIED PART
a minimum quality. This is assured by the requirement that,\even if a hypothetica
uency and equal to the highest supply voltage to earth faresent in the paTIENT'S ¢
ar on the appLIED PART, the limit for the paTiENT LEAKAGE cURRENT Would not be exceed

thetical case the paTienT is supposed not to be conhécted to the ApPLIED PART.

enT there may be many pieces of insulation, components (electrical and mech
hal features in which a failure would* not produce a saFeTY HAZARD O PATIENT,

r to ensure that every, individually produced item of equirment conforms to this St
r and/or installer_should carry out such measures during manufacture and/or
to ensure that“each item satisfies all requirements even if it is not comple
during manufacture or installation.

ures may take the form of:

produetion methods (to ensure good manufacturing output and constant quality) w

pnnected to
f protective
dard, or by
s condition

TIENT IS not
from earth
| voltage of
nvironment
ed.

anical) and
PERATOR OF

hndard, the
installation
tely tested

here such

b)

production tests (routine tests) performed on every produced item;
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c) production tests performed on a production sample where results would justify a sufficient
confidence level.

Production tests may not be identical with type tests, but may be adapted to manufacturing conditions and
possibly invoking less risk for the quality of the insulation or other characteristics important for safety.

Production tests would, of course, be restricted to setting (possibly derived from type tests) which would
provoke the worst case situation.

Depending upon the nature of equipmenT, production methods and/or tests may concern critical insulation
of the mains parT, Of the appLIED PART @and the insulation and/or the separation between these parts.

Suggested |test parameters could be Leakace currenT and dielectric strength.
Where applicable, the continuity of protective earthing may be a major test parameter.
Sub-clause
4.3 Whethgr a sample is representative is decided by the test laboratory and the manufacturgr.
Sub-clause
4.8 The aim is to verify that equiPmeENT IS Operating properly.
Sub-clause
4.10
a) [The humidity preconditioning treatment and subsequent tests of MEDICAL ELECTRICAL EQUIPMENT
arg often performed in laboratories suitable for treatment and tests for household ang similar

elegtrical appliances.

Tolavoid unnecessary investments and costs for such laboratories, preconditioning treatments
ang tests should be aligned-as far as is feasible.

b) |According to IEG™529, the encLosure of EQuiPmMENT RATED IPX8 prevents, under statefl
conditions, the entry of an amount of water where its presence could cause a SAFETY HAZARD.

The test cardition as well as the acceptable amount and location of water are to be defined in
Pafticular.Standards. If no ingress of water is tolerated (sealed encLosures) the application of the
hurlnidity preconditioning treatment is inappropriate.

Parts sensitive to humidity, normally used in controlled environments and which do not influence
safety, need not be subjected to this test. Examples are: high-density storage media in
computer-based systems, disc and tape drives, etc.

c) To prevent condensation when equipMenT is placed in the humidity cabinet, the temperature
of such a cabinet must be equal to or slightly lower than the temperature of the equipment when
it is introduced. To avoid the need for a temperature stabilization system for the air in the room
outside the cabinet, the cabinet air temperature during the treatment is adapted to that of the
outside air within the limits of the range of +20°C to +32°C and then "stabilized"” at the initial
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value. Although the effect of the cabinet temperature on the degree of absorption of humidity is
recognized, it is felt that the reproducibility of test results is not impaired substantially and the
cost-reducing effect is considerable.

d) brIP-PROOF EQUIPMENT and sPLASH-PROOF EQUIPMENT may be used in an environment where the
humidity is higher than the humidity of the environment in which ordinary equipmenT is used.

Therefore such equipmenT is kept in the humidity cabinet for 7 days (see Sub-clause 4.10, 7th
paragraph).

Clause

5 equipvent may have a multiple classification.
Sub-clause

5.1 The sgfety of Class Ill equirmenT is critically dependent on the installationyand on other Class 1l
EQUIPMENT cpnnected thereto. These factors are outside the control of the orerATOR and this is|considered
to be unadceptable for mebicaL ELecTricAL EQuiPMENT. Additionally, limitation \of voltage is not $ufficient to
ensure safety of the paTienT. For these reasons this Standard does not récognize Class Il equigmenT in this
second edifion.

Sub-clause
6.1 1)

Although a|mopeL or TvPE REFERENCE Usually denotes.a.eertain performance specification, it mpy possible
not denote [the exact construction, including the applied components and materials. If this is required, the
MODEL OR TYPE REFERENCE May have to be suppleméented by a seriaL NumBER. The sSerRIAL NUMBER May also be

used for other purposes.

Indication ¢f a manufacturing series only may not be sufficient if local requirements requirg individual
identificatign.

]

Subclause
6.1 n)

For fuses in accordahce with IEC 127, the marking of the type and rating should be in accordance thereto.
Examples ¢f marking: T 315L or T 315mAL, F 1,25H or F 1,25AH.

Sub-clause

6.1 2)

The rubbing test is performed with distilled water, methylated spirit and isopropyl alcohol.

Isopropyl alcohol is defined in the European Pharmacopoeia as a reagent in the following terms:

C3HgO (MW60.1) — Propanol. Isopropyl alcohol. A clear colourless liquid with a characteristic odour,

mixable with water and with alcohol. It has a relative density of 0,785 at 20 °C, boiling point 82,5 °C at
1013 hPa.
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Subclause

6.2 e)

For fuses in accordance with IEC 127, the marking of the type and rating should be in accordance thereto.
Examples of marking: T 315L or T 315mAL, F 1,25H or F 1,25AH.

Subclause

6.4 No special colour is requested.

Sub-claus
6.7 For co
Sub-clause
6.8.1 The

Even a req
cannot be

Subclause

6.8.2 a)

—
it 19

— B

Po
rad

Sub-clause
6.8.2 b)
Responsibi

The instrud
importer ¢

ours of indicator lights see also IEC Publication 73.

bubject of languages used in markings and in AccoMPANYING DOCUMENTS-Cannot be sol
uirement that identifications and accompanying pocuments have tolbe in the nationa
ipheld worldwide.

is important to ensure that an equipmenT is not'used inadvertently in an applicatiorn
not intended.

xamples of interference would include:

ver supply transients, magnetie interference, mechanical interaction, vibration, the
iation, optical radiation.

ity of the manufacturer

tions for.use may contain a statement saying that the manufacturer, assembler,

bnsiders himself responsible for the effects on safety,

EQUIPMENT O

Niy_if:

ed by IEC.
languages

for which

mal

installer or

reliability and performaince of the

— assembly operations, extensions, readjustments, modifications or repairs are carried out by
persons authorized by him,

— the electrical installation of the relevant room complies with the appropriate requirements, and

— the equipmenT is used in accordance with the instructions for use.

Subclause


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003

UL 60601-1

217

6.8.3 a)

Accuracy and precision are not possible to define in this General Standard. These concepts have to be

addressed

in Particular Standards.

Sub-clause

10.2.1 These environmental conditions are based on the conditions in buildings without air-conditioning

in climates

where the ambient temperature occasionally reaches +40°C.

The equipmenT covered by this Standard may not be suitable for use in pressure chambers.

The equipvgnT should be safe according to this standard when operated under the conditions(of subclause
10.2 but it peed only be fully operable under conditions specified by the manufacturer i thie Accompanying
pocuMENTs (see also definition of NorRMAL USE).
Sub-clause
10.2.2 Bedause of the wide range of mepicaL ELECTRICAL EQUIPMENT covered in this Standard, it is not possible
to specify the permissible effects on performance of each particular typé.ef equipmMenT due t0 MAINS VOLTAGE
and frequepcy fluctuations.
In this Star|dard such effects are covered in a number of safetytests.
According o Fortescue’s theorem any unbalanced polyphase system can be resolved in thrge balanced
systems of|phases:
— g system of so-called positive sequence,components of equal magnitude and phasg angle,
buf having the opposite phase sequence;as the original system;
— g system of so-called negative séquence components of equal magnitude and phasge angle,
bufl having the same phase sequence as the original system;
— g system of so-called zere“sequence components of equal magnitude, no mutual phase angle
(injphase) and no phase.sequence (stationary vectors). Systems without a neutral copductor
cannot have zero se€gquence current components.
The zero spquence cugrent can be determined as the sum of the three phase currents dividgd by three.
Thus the ngutral eurrent is three times the zero sequence current.
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Literature: — Elements of Power Systems Analysis

W.D. Stevenson, jr.

McGraw Hill (page 272)

— |EEE Vol 37 Part Il (1918)
page 1329
— Modern Power Systems

Neuenswonder

page 183, Measurement of Zero Sequence.
Sub-clause
10.2.2 a)
An alternafing voltage is considered in practice to be sinusoidal if any instantane@us” value of the
waveform ¢oncerned differs from the instantaneous value of the ideal waveform at the same [moment by
no more thpn +5 % of the peak value of the ideal waveform, unless stated otherwise;
A polyphage voltage system is considered to be symmetrical if neither thesmagnitude of ifs negative
sequence [components nor the magnitude of its zero sequence compénents exceeds 2 % of the
magnitude [of its positive sequence components;
A polyphase supply system is considered to be symmetrical if, when-supplied from a symmetrncal voltage
system, the resulting current system is symmetrical. That is;\the magnitude of neither the negative
sequence qurrent components nor the zero sequence currenf.components exceeds 5 % of thg magnitude
of the posifive sequence current components.
Sub-clausse
14.1 b)
equipmenT, $pecified for an external d.c. power source (e.g. for use in an ambulance), has tp satisfy all
requiremernts for cLASS | OF CLASS Il EQUIPNIENT.
Subclause
14.5 b)
If INTERNALLY POWERED EQUIPMENT has a means of connection to a separate battery charger or pqwer supply
unit which |n turn haS/a-means of connection to the surpLy mains, the battery charger or power|supply unit
is considergd as part of the equipvenT and the requirements apply.
These reqirements do not apply to equipmenT (including any separate power supply unif or battery

charger) which is incapable of being connected to a suppLy mains and to a pATIENT SiImultaneously.

Subclause

14.6 equipvenT intended for pIRECT CARDIAC APPLICATION having one or more TYPE CF APPLIED PARTS may have
one or more additional Tyre B Or TYPE BF APPLIED PARTS Which may be applied simultaneously (see also
subclause 6.1 1)).

Similarly equipvenT may have a mixture of Tyre 8 and TYPE BF APPLIED PARTS.

Clause


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 200

3 UL 60601-1

219

16 encLosures and pPROTECTIVE covers are intended to provide protection for human beings against contact
with parts that are Live or may become uive after a single failure of protective insulation. They may, at the

same time,

provide protection against other hazards (mechanical, thermal, chemical, etc.).

"Accidental contact” means that parts are touched in normaL use by a human being, without the aid of a

TooL and w

ithout appreciable force.

Except in special cases, such as paTient supports and waterbeds, contact with euipMenT is supposed to be

made with:

— one hand, simulated by a metal foil of 10 cm x 20 cm (or less if the total equipmenT is smaller);

-0
sto

— 3
me;

— 9
ac

Other devig
Sub-clause
16 a) 5)

This sub-cl
a hand-he

multicondu

Usually co
currents ar

Protective

DOUBLE INSU

ne finger, straight or bent in a natural position, simulated by a test finger provided
p plate;

pencil or pen, held in a hand, simulated by a guided test pin;

necklace or similar pendant, simulated by a metal rod suspended~over openings
er;

screwdriver for adjustment of a preset control by the oreRaTOR, simulated by an in
tal rod;

n edge or slit that can be pulled outward allowing.subsequent entry of a finger, sir
ombination of test hook and test finger.

es are not permitted unless they are necessary for the compliance check.

huse is also intended to cover those cases where equiPMeNT iS remotely controlled b
Id control box, usually~connected to the mainframe of the equirmenT by nj
Ctor flexible cable.

htrol circuits afe joperated at extra-low voltage or even at sAFETY EXTRA-LOW VOLTA
d cross-sections of conductors are usually small.

parthing.of the encLosure of the control box would not be very effective (high resist

| ATioN would consume a lot of space and weight and control switches and push

with a

n atop

serted

nulated by

y means of
eans of a

ce. Control

hnce).

buttons of

miniature s

ze would not be available with REINFORCED INSULATION.

Where it is unlikely in normAL usk that the control box and a patient are touched simultaneously, the control
box may be made with Basic insuLaTion Only, with a metal encLosure or an encLosure made of insulating

material.

The insulat

ion may be designed for extra-low voltage.

Sub-clause
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16 c)

The compliance test for the protective earthing of accessisLe METAL PARTs Of EQuiPMENT (Sub-clause 18 f)) is
conducted with a current between 10 A and 25 A provided by a source with a sufficient low voltage (not
exceeding 6 V). The current is maintained for at least 5 s. The reasons for these requirements are that
the connection can only perform its protective function if it is able to carry the fault current resulting from
a failure in BasiC INSULATION.

Such a current is assumed to have sufficient amplitude to cause operation of protective devices in the
electrical installation (fuses, circuit-breakers, earth leakage circuit-breakers and the like) in a reasonably

short time.

The minim
connection
measuremé

Where con

maximum fesistance is 0,2 Q, the minimum test current is 1 A, the maximung~seurce voltage

there is no

This relaxation is justified because:

a)

the

lim

b)

fra

ah
Sub-clause
16 d)

The use of
sufficient. A

Sub-clause
16 e)

The combi

m time required for the test current is intended to reveal any overheating (ef
due to thin wiring or a bad contact. Such a "weak spot” may not be discovered by
bnt alone.

Huctive parts of actuating mechanism of electrical controls are PROTECTIVELY EARTHED t

minimum time other than the time needed for reading the test instruments.

\Where actuating mechanisms are fragile and not able'to carry a test current of 10
y are usually part of a secondary circuit and the fault’current through the connecti
ted.

In connection with this, maximum resistane&’may be raised because it forms a sn

ttion of the total fault circuit impedance; The source voltage and testing time are le
urn-out of the protective connection is unlikely.

the Symbol 14, Table DI, "Attention, consult accompanying pocumenTs” Of Append
warning notice onythe outside of the equirment may be sufficient.

hation of isolated supply and the restricted voltage is regarded as an additiona

arts of the
resistance

he required

s 50 V and

Ato 25 A,

bn will be

aller
ss critical,

ix D is not

| protective

measure against electric shock hazard.

Clause

17 Air may form part or all of the Basic INsuLATION and/Or SUPPLEMENTARY INSULATION.

Subclause


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

APRIL 25, 2003 UL 60601-1 221

17 h)

One or the other of the defibrillation paddles may, by virtue of its clinical application, be connected to earth
or at least referenced to earth.

When a defibrillator is used on the paTienT, a HiGH voLTAGE can thus be impressed either between one part
of the equipvment and another, or between such parts collectively and earth. Therefore accessiBLE PARTS
should either be adequately isolated from paTiENT circuiTs OF, if the insulation of the appLIED PART iS protected
by voltage-limiting devices, be PROTECTIVELY EARTHED.

Also, although safety is not likely to be endangered, even in the case of incorrect use, in the absence of
a Particular-Standard-it-shoutdgeneratty heexpected-that rrrreDPArTMarketaS DEFBRITTATION-PROOF Can
be subjected to defibrillation voltages without any adverse effect on subsequent use of th€tquiPmeNnT in
health carel.

The tests gnsure:

a) [that any AccessiBLE PARTS Of EQUIPMENT, PATIENT cables, cable connectors, etc. that arg not
PRTECTIVELY EARTHED Will not become uive due to flashover of defibrillation voltage; and
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b) that the equirmenT will continue to function after exposure to defibrillation voltage.

NorMAL UsE includes the situation that a paTienT is defibrillated while connected to the equipvenT and, at the
same time, the oreraTOR Or another person is in contact with the encLosure. The possibility of this occurring
at the same time as the sincLE FauLT conpiTion Of a defective protective earth connection is very unlikely and
is therefore disregarded. However, interruption of functional earth connections which do not comply with
the requirements of clause 18 is more probable, and is therefore required for these tests.

The severity of electric shock which a person receives when touching accessisLe parTs during the discharge
of a defibrillator is limited to a value (corresponding to a charge of 100 puC) which can be felt and which

may be unpleasant, but which is not dangerous.

SIGNAL INPUT
carry energ

The test ci
voltage ap

The value
normal rise

Rationale f

When a ds
defibrillatio
paddles be

The voltag
local tissug

If the elect
compass 0
position bu

Unfortunatg
in this area
Particular 9
connected
one of the

This ameng

PARTS and sIGNAL ouTPUT PARTS are included, as signal lines to remote equipmenT ol
ies which might be hazardous.

uits of figures 50 and 51 of this Standard are designed to simplify the test by inte

o
learing across the test resistance (Ry).

bf the inductance L in the test circuits of figures 50 and 51 is chdsen to provide a S
time in order to test adequately the incorporated protective fmeans.

br impulse test voltage
efibrillation voltage is applied to the thorax of & pATiENT, via externally applied

h electrodes), the body tissue of the pamient inxthe vicinity of the paddles and b
comes a voltage dividing system.

H otherwise

pgrating the

horter than

baddles (or
etween the

b distribution can be gauged roughly using three-dimensional field theory but is modified by

conductivity which is far from uniform:

ode of another item of mebicALsELECTRICAL EQUIPMENT IS applied to the paTient, roughl
f the defibrillator paddles, thelvoltage to which such an electrode is subjected dep
will generally be less than-the on-load defibrillation voltage.

ly it is not possible tosay how much less as the electrode in question may be place
including immediately adjacent to one of the defibrillator paddles. In the absence o
btandard, it must therefore be required that such an electrode and the eqQuiPMENT tG
will be able«to withstand the full defibrillation voltage, and this must be the no-load
Hefibrillatérpaddles may not be making good contact with the paTienT.

ment'to the General Standard therefore specifies 5 kV as the appropriate value in t

y within the
ends on its

 anywhere
f a relevant
which it is
voltage as

he absence

of a releval

ht\Particular Standard.

Subclause
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18 a)

Generally, accessisLE METAL PARTs Of cLass | EQuipMENT shall be connected permanently and with sufficiently
low impedance to the PROTECTIVE EARTH TERMINAL.

However, cLass | EQUIPMENT May contain accessiBLe PARTS Which are so separated from the mains parT that,
in NorMAL conpiTioN and siNGLE FAULT conpiTion Of the insulation of the mains parT or of the protective earthing,
the Leakace currenT from these accessisLE PARTs tO earth does not exceed the value of Table IV (see Clause
19).

In this case, these accessieLE PARTS need not be connected to a PROTECTIVE EARTH TERMINAL but they may be

connected fofot C)\alllp:c, S FONCTTONAT EARTH TERVINAT, Ottt ey may beteft ﬂuaﬁllg.
The separagtion of accessiBLE METAL PARTS from the mains pPART may be obtained by pousie” iNnuLaTiON, by
metallic scfeening or by a PROTECTIVELY EARTHED ACCESSIBLE METAL PART Of @ PROTECTIVELY EARTHED Ssecondary
circuit, sepfirating the accessisLe METAL PARTS completely from the maiNs PART.
Metal partg behind a decorative cover, which does not comply with the meChanical strength test, are
regarded ap ACCESSIBLE METAL PARTS.
Subclause
18 g)
EQUIPMENT-parts
LIVE parts
I Zpg é
 —
—
- A
@ .F
IENCL\ Ry

Legend

A = Short circuiting between two parts. lencL = Allowable value of the ENCLOSURE

Zpg = Impedance of protective earth connection LEAKAGE CURRENT in SINGLE FAULT

in ohms (exceeding 0.10Q). CONDITION.
e = Maximum continuous prospective fault Ry = Test resistance (1kQ).

current in amperes in the protective
earthing connection caused by a single
failure of the insulation to earth.

SM980A


https://ulnorm.com/api/?name=UL 60601-1 2006.pdf

224

UL 60601-1

APRIL 25, 2003

The fault current may be limited to a relatively low value, because of inherent impedance or the
characteristic of the power source, for example where the power system is not connected to earth or
connected to it via a high impedance.

In such cases the cross-section of the protective earthing connection may be determined primarily by

mechanical
Sub-clause

19.1 d)

considerations.

The encLos|
CONDITION.

Sub-clause
19.2 a)

The breaka
as the Leak/
a fuse, or
short-circui
earth conn

Sub-clause
19.3 and 1

Allowable
waveforms

— 1
du
he

ap

=
low
de
fre

— A

£ £ H [
PRE LEAKAGE CURRKENT Ul CLASS T EQUIFPMENT TTUINTT PROTECTIVELY EARTHED pcuta 1S TICyiyiu

pctions inside the equipmenT (see Sub-clauses 17a) and17g)).

own of BAsIC INSULATION IN cLASS | EQUIPMENT iS not generally regarded as a siNGLE FAU
GE CURRENTS in this case cannot be kept within allowable limits\(Fable V) during the
OVER-CURRENT RELEASE oOperates. Exceptionally, Leakaée CuRRENTS are measu
ing BAsIC INSULATION in cases where there are doubts concerning the effectiveness @

[able IV

values of continuous LEAKAGE and (PATIENT AUXILIARY CURRENTS for a.c. and d.c.
with frequencies up to and including 1 kHz.

 general the risk of ventricular fibrillation or pump failure increases with the value
ation, up to a few seconds;.of the current passing through the heart. Some areas
rt are more sensitive than others. That is, a current that causes ventricular fibrillag
lied to one part of the heart may have no effect when applied to another part of tf

he risk is highést and approximately equal for frequencies in the 10 to 200 Hz ran
er, by a faetorof nearly 5, at d.c. and by approximately 1,5 at 1 kHz. Beyond 1 kK
reases rapidly.) The values in Table IV cover the range from d.c. to 1 kHz. suppL
jluencies.of 50 and 60 Hz are in the range of highest risk.

Ithough as a general rule requirements in a General Standard are less restrictive

req

uirements in Particular Standards, some of the allowable values in Table IV have

such a value that:

a) the majority of equipmenT types can comply, and

Dsee references.
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b) they can be applied to most equipmENT types (existing or future) for which no

Particular Standards exist.

EARTH LEAKAGE CURRENT

— The allowable values for earTH LEAKAGE CURRENT are not critical and have been chosen to avoid
any significant increase in the currents flowing through the protective earthing system of the
installation.

— In Note 2) to Table IV is stated under which conditions higher EARTH LEAKAGE CURRENTS are
allowed if internal conductive parts are not accessible.

EARTH cONDUCTOR may have higher allowable earTH LEAKAGE CURRENTS as the accidéntal i

of
ENCLOSURE L]
The limits 4

a)
raig
EQU

b)
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c)
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ENQ
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Note 3) to Table IV is stated that equipmenT with a fixed and permanently installed
he PROTECTIVE EARTH CONDUCTOR iS Very unlikely.
FAKAGE CURRENT
ire based on the following considerations:

The ENCLOSURE LEAKAGE CURRENT Of EQUIPMENT With TYPE CF APBLIED PARTS iN NORMAL COND|
ed to the same level as for equipmenT With TYPES B and,BF-APPLIED PARTS because su
IPMENT May be used simultaneously on a pATIENT.

The current density created at the heart by curtent entering the chest is 50 pA/mn
pere.®) The current density at the heart for 500-UA (maximum allowable value in s
piTion) entering the chest is 0,025 pA/mm#. Well below the level of concern.

The probability of the encLosure LeakagE currenT flowing through the heart and cau
tricular fibrillation or pump failure:

LOSURE LEAKAGE CURRENT could:éonceivably reach an intracardiac site if careless pro
used in handling intracardiac conductors or fluid filled catheters. Such devices sh
ays be handled with great care and always with dry rubber gloves.

b probability of airect contact between an intracardiac device and an EQuIPMENT EN
sidered to be very low, perhaps 1 in 100 procedures. The probability of an indireg
the medical.staff is considered to be somewhat higher, say 1 in 10 procedures. T

m

inducing ventricular fibrillation of 0,05. If the probability of indirect contact is 0,1 then
prdbability is 0,005. Although this probability would appear undesirably high, it should

re

imum alfewable LEAKAGE CURRENT in NORMAL conpiTion is 100 JA which itself has a p

Hed that with correct handling of the intracardiac device this probability can be re
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duced to

that for mechanical stimulation alone, 0,001.

8)See references.
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The probability of the ENcLoSURE LEAKAGE CURRENT rising to the maximum allowable level of 500 pA
(sINGLE FAULT conpiTioN) IS considered to be 0,1 in departments with poor maintenance
procedures. The probability of this current causing ventricular fibrillation is taken as 1. The
probability of accidental contact directly with the encLosure is, as above, considered as 0,01,
giving an overall probability of 0,001, equal to the mechanical stimulation alone probability.

The probability of ENcLOSURE LEAKAGE cURRENT at the maximum allowable level of 500 pA (siNGLE
FAULT conpITIoN) being conducted to an intracardiac device via the medical staff is 0,01 (0,1 for
the sinGLE FAuLT conpiTion, 0,1 for accidental contact). Since the probability of this current causing
ventricular fibrillation is 1, the overall probability is also 0,01. Again this probability is high;
however it can be brought down to the mechanical stimulation alone probability of 0,001 by

adequatc pluu::u'wca.

d) |The probability of the EncLosURE LEAKAGE CURRENT being perceptible to the paTiENT:

The¢ probability of 500 pA being perceptible is 0,01 for men and 0,014 for,women whén using
grip electrodes with intact skin.? There is a higher perceptibility for cutrent passing through
mucous membranes or skin punctures.? Since distribution is normal®‘there will be a| probability
that some paTienTs Will perceive very small currents. One person is\teported to have gensed 4
nA|passing through a mucous membrane.?
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ENCLOSURE LEAKAGE CURRENT for EQuiPMENT With TyPE B, BF and cr AppLIED PARTs iS made equal
because all types of equipvenT may be used simultaneously on a pATIENT.

PATIENT LEAKAGE CURRENT

The allowable value oOf PATIENT LEAKAGE CURRENT fOI TYPE CF APPLIED PARTS iN NORMAL CONDITION iS 10 JA which
has a probability of 0,002 for causing ventricular fibrillation or pump failure when applied through small
areas to an intracardiac site.

Even with zero current, it has been observed that mechanical irritation can produce ventricular fibrillation.*)
A limit of 10 YA is readily achievable and does not significantly increase the risk of ventricular fibrillation

during intr

The 50 pA
which has
fibrillation @

For cathetq
ventricular

and 0,93 njm?2) catheters used in angiography have higher probabilities.ef causing ventriculg

or pump fa

The overal
CONDITION IS
fibrillation)

The 50 pA
stimulate n

For TyPE B
CONDITION iS
not flow dir

The probalpility of mains voLTace appearing on the paTienT is considered to be extremely low.

happen the

a)

\,alu';cu.. }JIULCU‘UIUD.

maximum allowed in siNnGLE FAULT conpiTion for TYpPe cF APPLIED PARTS iS based on.@'valu
been found, under clinical conditions, to have a very low probability of causing
r interference with the pumping action of the heatrt.

rs 1,25 — 2 mm diameter likely to contact the myocardium, the probability of 50
ibrillation is near 0,01 (see Figure Al and its explanation). Small\Cross-section ares

lure if placed directly on sensitive areas of the heart.
probability of ventricular fibrillation being caused¢by: PATIENT LEAKAGE CURRENT in
0,001 (0,1 for probability of sineLE FAuLT conpiTion, Q,01 probability of 50 PA causing

bqual to the probability for mechanical stimulation alone.

current allowed in siNGLE FAULT conpiTioN is 116t likely to result in a current density
buromuscular tissues nor, if d.c., cause necrosis.

nd TYPE BF APPLIED PARTS Where the maximum allowable PATIENT LEAKAGE CURRENT under
500 pA, the same rationale applies as that for EncLOSURE LEAKAGE CURRENT since this
pctly to the heart.

following faults must.have occurred:

failure of PROTECTIVE EARTHING Of cLAss 1| EQUIPMENT (probability of 0,1);

e of current
ventricular

LA causing
(0,22 mm?
r fibrillation

SINGLE FAULT
ventricular

sufficient to

SINGLE FAULT
current will

For this to

124gee references.
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b)

a fault in Basic insutaTion. The probability, based on experience, is less than 0,01.

This gives an overall probability of 0,001 of mains voLTAGE appearing on the pATIENT.

For Tvpe cF ApPPLIED PARTS the PATIENT LEAKAGE cURRENT Will be limited to 50 pA, no worse than the previously
discussed SINGLE FAULT CONDITION.

For Tvpe BF APPLIED PARTS the maximum PATIENT LEAKAGE CURRENT Under these conditions is 5 mA. Even this
value entering the chest would produce only a current density at the heart of 0,25 uA/mm?. This current
would be very perceptible to the paTient, however the probability of its occurrence is very low.

A PATIENT Lj
applied to
appearance

As the exis
but also paf
current is n

PATIENT AUXI
The allowal

these apply
tissue necr|

ARAGE CURRENT Uf 5 IIIA ;D a“uvvcd ill a SINGLE FAULT CUNDITION, ;II VV:Iib:I all U)\tclll
a TYpE BF APPLIED PART, because the risk of harmful physiological effects is~sth
b Of MAINS VOLTAGE 0N the paTIENT iS very unlikely.

fence of an earth connection to a PATIENT iS @ NORMAL CONDITION, NOt ONly PATIENT AUXIL
IENT LEAKAGE cURRENT may flow for a prolonged period. In this situation(also a low va
ecessary to avoid tissue necrosis.

IARY CURRENT
ble values for pATIENT AuxiLIARY CURRENT are for equipment such as impedance plethy

to currents having a frequency not less than 0,1 Hz-hower values are given for d.o
Dsis with long-term application.

voltage is
all and the

IARY CURRENT

ue of direct

smographs,
. to prevent
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Figure A1 — Probability of ventricular fibrillation
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Note — Refer to original papers by Starmer and Watson for interpretation of data.
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Explanation of Figure A1l

Articles by Starmer® and Watson?” provide data on ventricular fibrillation caused by 50 Hz and 60 Hz
currents applied directly to the hearts of human populations with cardiac disease. Fibrillation probability
was obtained as a function of the electrode diameter and the magnitude of the current. For electrodes of
1,25 mm and 2 mm diameter and currents up to 0,3 mA, the distribution appears normal. Accordingly, it
has been extrapolated to encompass the values commonly used in assessing paTient risk (values noted
on Figure Al). From this extrapolation, it is seen that:

a) any value of current, however small, has some probability of causing ventricular fibrillation,
and

b) the commonly used values have low probabilities, ranging from approximately-Q{002 to 0,01.

Since ventficular fibrillation is governed by many factors (paTient condition, probability of current entering
a more sepsitive area of the myocardium, probability of fibrillation as a function .of curren{ or current
density, physiology, electric field, etc.), it is reasonable to use statistics in determining the possi|bility of risk
for the mulfiple conditions.
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19.4 a)

Although it is recognized that absorption of humidity by insulation would have a far greater effect on the
resistance of the insulation than on the capacitance of it, the results of a resistance measurement would
be influenced heavily by the choice of the moment when the measurement was made. Such results could
thus become irreproducible.

To improve reproducibility even further it was proposed to retain the LEakace currenT test and to start it 1
h after the end of the humidity preconditioning treatment. It was considered that if a deterioration of
insulation resistance would become a safety risk, it would also be noticeable in an increased Leakace

curreNT and in the results of the dielectric strength test.

Sub-clause
19.4 b)

The switch
interruption

Instead of

Figures 10
auto-transf
Sub-clause

19.4 Table

The curren
EQUIPMENT O

of 220 V o the paTienT is very unlikely.

Sub-clause
19.4 d)
Although it

a position
first statem

The likelihgod that-patient cables have an important capacitance to earth is usually impor
e influence on test results. A position providing reproducible results is therefore pr|escribed.

considerab

s S; or S; + S, or S; + S, + S3in Figures 10, 11, 12 and 13.(may be omitt
s of the relevant leads may be obtained by other means.

he single or polyphase isolating transformers with adjustablewoutput voltage(s), g
11, 12, 13 and 14, a combination of an isolating transformer’with fixed output volt
prmer with adjustable output voltage may be used.

v

flowing from the appuiED PART, due to an external voltage on the aAppLIED PART tO ear
5 mA is allowed because the risk ofdharmful physiological effects is small and the

is not unlikely that'equipmenT is used while placed on or in an earthed metal envirorn
vould be rathef difficult to describe in a way that test results would become reprod
ent is therefore to be considered as a convention.

ed and the
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Sub-clause

19.4 e) 4)

The measuring device represents a measuring method which takes into account the physiological effect
of a current through the human body, including the heart.

Sub-clause
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