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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GENERAL TESTING PROCEDURES
FOR MEDICAL ELECTRICAL EQUIPMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

2)

3)

4)

5)

6)

7)

8)

9)

The m
technidal committee may propose the publication of a technical report when it has cg
data of| a'different kind from that which is normally published as an International Stand
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ational co-operation on all questions concerning standardization in the electrical and electronit,f
end and in addition to other activities, IEC publishes International Standards, Technical Specif
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred) to
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
e subject dealt with may participate in this preparatory work. International, goveramental 4
Ffnmental organizations liaising with the IEC also participate in this preparation. IEC -eollaborate
the International Organization for Standardization (ISO) in accordance with conditions detern
ement between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as neatly.as possible, an inte
bnsus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Publications have the form of recommendations for internationaluse¥and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Ca@mmittees undertake to apply IEC PuH
parently to the maximum extent possible in their national and regional publications. Any di
ben any IEC Publication and the corresponding national or regional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity. Independent certification bodies provide cqg
5sment services and, in some areas, access~to IEC marks of conformity. IEC is not responsibldg
Ces carried out by independent certification/bodies.

ers should ensure that they have the latest edition of this publication.

Bbility shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committees @nd IEC National Committees for any personal injury, property dg
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f4
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the/Normative references cited in this publication. Use of the referenced public]
bensable for the cotreet application of this publication.

tion is drawn_tothe possibility that some of the elements of this IEC Publication may be the s
t rights. IECG shall not be held responsible for identifying any or all such patent rights.

in taskvof IEC technical committees is to prepare International Standards. How|

promote
elds. To
ications,
as “IEC
terested
nd non-
closely
ined by

national
from all

National
t of IEC
for any

lications
ergence
cated in

nformity
for any

erts and
mage or
es) and
her IEC

ptions is

ibject of

ever, a
llected
ard, for

example “State or the art.

IEC 62354, which is a technical report, has been prepared by subcommittee 62A: Common
aspects of electrical equipment used in medical practice, of IEC technical committee 62:
Electrical equipment in medical practice.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision intended to align the guidance in this technical report with
Amendment 1 to IEC 60601:2005. Several tests have been updated and additional test
procedures added. The following tests have been added or significantly revised:

13.2.1
13.2.4
13.2.5

RISK MANAGEMENT PROCESS
Durability and legibility of marking
Battery markings
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13.2.8
13.2.14
13.3.1
13.3.2
13.3.7
13.3.12

13.3.13
13.3.14

POTENTIAL EQUALIZATION TERMINAL
USABILITY of ME EQUIPMENT

Humidity preconditioning

Impedance of PE connection

CREEPAGE DISTANCES and AIR CLEARANCES

Instability (in transport position; excluding transport; from horizontal and vertical

forces and from unwanted lateral movement)
Castors and wheels (Force for propulsion, movement over a threshold)
Safety catch evaluation

13.3.11
13.3.18
13.3.23
13.3.14
13.3.21
13.3.21
13.3.28
13.4.1
13.4.3
13.4.4
13.4.5
13.4.6
13.4.7
13.4.9
13.4.14
13.4.14
13.4.2(
13.4.28
13.4.24

Overflow

Spillage

Impact

Drop impact

Rough handling

Actuating parts of controls

Construction of transformers

ESSENTIAL PERFORMANCE — Functional
Voltage mismatch

Limitation of voltage, current or energy
DEFIBRILLATION-PROOF APPLIED PART protection
Energy reduction

EARTH LEAKAGE CURRENT

PATIENT LEAKAGE CURRENT

Sound pressure level measurements
X-radiation (ionizing radiation) measurement
Interruption of powérsupply

Rechargeable battery overcharge/discharge
Mains transfosmers

This technical repart.is intended to be read in conjunction with IEC 60601-1:1988 (in

the

ollateral </provisions of [IEC 60601-1-1:2000) and IEC 60601-1:2005

IEC 60p01-1:2006/AMD1:2012.

The te

t.of this technical report is based on the following documents:

cluding
and

Enquiry draft Report on voting
62A/936/DTR 62A/947/RVC

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

In this technical report, the terms defined in Clause 2 of IEC 60601-1:1988 or Clause 3 of
IEC 60601-1:2005 are printed in SMALL CAPITALS.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

IEC/TR 60513, Fundamental aspects of safety standards for medical electrical equipment
published by IEC sub-committee 62A provided the basis for inclusion of the test methods for
ME EQUIPMENT in the safety standards.

"Technical requirements and test methods are interrelated elements of product standards and

should

always be considered together.

Product standards should identify where medically informed judgements are required in

decidin

g whether a particular requirement applies.

Where

er possible, the standards should contain test specifications for completely. and

clearly

checkimg compliance with the technical requirements. In some cases, a compliance’ statement

such a
method

It shol
Approg
to the
otherr

It was
PROCEI[

In deve
was co

a) tes
tes

b) whegre the sequence of tests can-influence the results, the correct sequence shg

spe

There
should

ISO/IE
laboraf
PROCE]]

IEC/TR

gives an accurate assessment.

clause containing the requirement. This also applies for references which are n
blevant test standards."

deemed necessary to support IEC 60601-1 with guidelines for general
URES for MEDICAL ELECTRICAL EQUIPMENT.

nsidered as follows:

results should be reproducible within defined limits. When considered necesss
method should incorporate a stateément as to its limit of uncertainty;

cified.

s also growing support for the idea that all the test PROCEDURES for ME EQU
be found within one_international standard.

C 17025, Gepneral requirements for the competence of testing and cal
ories, highlights the need for a single series of requirements coverin
URES.

60513 includes a major new principle referring to testing:

uln

specifying minimum safety requirements, provision is made for assessi

5 'visual inspection’, 'manual testing' or similar is adequate for this purpose if such a

Id be easy to recognize which test methods apply to each)technical requirement.
riate headings should designate the appropriate test and a feference should bg made

ade to

testing

loping the test PROCEDURES, the advice given in IEC/TR 60513 and ISO/IEC Guide 51

ry, the

uld be

IPMENT

bration
g test

ng the

adequacy of the design PROCESS where this provides an appropriate alternative to the
application of laboratory testing with specific pass/fail criteria, (e.g. in assessing the

saf

ety of new technologies such as programmable electronic systems).”
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GENERAL TESTING PROCEDURES
FOR MEDICAL ELECTRICAL EQUIPMENT

1 Scope and object

This technical report applies to MEDICAL ELECTRICAL EQUIPMENT (as defined in Subclauses 3.63

of IEC 60601-1:2005 and 2.2.15 of IEC 60601-1:1988), hereinafter referred to as
ME EQUIPMENT.

The oljject of this technical report is to provide guidance on general testing PRGCEDURES
accord|ng to IEC 60601-1:1988 (including the collateral provisions of IEC 60601-1-1:2000)
and IEC 60601-1:2005 and IEC 60601-1:2005/AMD1:2012.

2 Ngrmative references

The fojowing documents, in whole or in part, are normatively referenced in this documgnt and
are indispensable for its application. For dated references, onlythe edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any

amend
IEC 60

IEC 60
require

IEC 60

ments) applies.

P52-1, AC motor capacitors — Part 1: General — Performance, testing and r

086-4, Primary batteries — Part 4: Safety of lithium batteries
127-1, Miniature fuses — Part 1: Defjnitions for miniature fuses and ¢eneral
ments for miniature fuse-links

hting —

Safety requirements — Guide for instaftation and operation

IEC 60B364-4-41, Low voltage -electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

IEC 60817, Graphical symbols for use on equipment. Available from: http://www.grgphical-
symbols.info/equipment

IEC/TR 60513, FRundamental aspects of safety standards for medical electrical equipment

IEC 60p29:989, Degrees of protection provided by enclosures (IP |Code)
IEC 60529:1989/AMD1:19991

IEC 60601-1:1988, Medical electrical equipment — Part 1: General requirements for safety 2
IEC 60601-1:1998/AMD1:1991
IEC 60601-1:1998/AMD2:1995

IEC 60601-1:2005, Medical electrical equipment — Part 1. General requirements for basic
safety and essential performance
IEC 60601-1:2005/AMD1:20123

1 A consolidated version 2.1 (2001) exists that includes IEC 60529:1989 and its Amendment 1:1999.

2 The second edition of IEC 60601-1, cancelled and replaced by the third edition in 2005.

3 A consolidated version 3.1 (2012) exists that includes IEC 60601-1:2005 and its Amendment 1:2012.
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IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for basic safety
and essential performance - Collateral Standard: Electromagnetic disturbances -
Requirements and tests

IEC 61010 (all parts), Safety requirements for electrical equipment for measurement, control,
and laboratory use

IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 1: General requirements

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 61p72-2, Electroacoustics — Sound level meters — Part 2: Pattern evaluation tests

IEC 62[133, Secondary cells and batteries containing alkaline or other non-acid. electrdlytes —
Safety |requirements for portable sealed secondary cells, and for batteries)made from them,
for use|in portable applications

ISO 17p665-1, Sterilization of health care products — Moist heat — Part 1: Requirements|for the
development, validation and routine control of a sterilization procéss for medical devicefs

ISO 11[135-1, Medical devices — Validation and routine control of ethylene oxide sterilization4

ISO 111137-1, Sterilization of health care products < )Radiation — Part 1: Requiremégnts for
development, validation and routine control of a sterllization process for medical devicels

ISO 14971:2007, Medical devices — Application-of risk management to medical devices

ISO/IEC 17025, General requirements _(for the competence of testing and calibration
laboratories

ISO 80000-1, Quantities and units-—Part 1: General

3 Terrms, definitions, abbreviations and acronyms

3.1 Terms and definitions

For thg purposes<of this document, the terms and definitions given in IEC 60601-1:1988 and
IEC 60p01-1:2005 apply.

NOTE 1| Where the terms “voltage” and “current” are used in this document, they mean the r.m.s. values of an

alternati ng, direct or r-r\mrr_\r\eih:\ \lnlfngn orcurrent unless stated otherwise

NOTE 2 An index of defined terms is found beginning on page 209.

NOTE 3 When used in the body of this document, N/A means “Not applicable”.

4 Withdrawn and replaced by ISO 11135:2014.
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3.2 Abbreviations and acronyms

Abbreviation Term

a.c. Alternating current

d.c. Direct current

DUT Device under test

MAR Mean angle resolvable

MD Measuring device

ME MEDICAL ELECTRICAL

RH Relative humidity

r.m.s. Root mean square

Si System international

SIP/SOH SIGNAL INPUT/OUTPUT PART
4 Types of tests
4.1 SENERAL
“TYPE TESTS” are required for verifying the BASIC SAFETY/and ESSENTIAL PERFORMANCH of the
product design.
NOTE 1| The tests described in this technical report can also be‘*used by the MANUFACTURER to ensure the quality
of the prpduct and the manufacturing PROCESS. See Annex I.
A test |need not be carried out if analysis shows that the condition being tested hap been
adequately evaluated by other tests or methods.
The results of the RISK ANALYSIS) should additionally be used to determine| which
combirfation(s) of simultaneous faults should be tested.
NOTE 2| The test results might render/it necessary to revise the RISK ANALYSIS.
When festing the ME EQUIPMENT, relevant information provided by the MANUFACTURER] in the
instrucgion for use should’be taken into account.
Before| commencing testing, the ME EQUIPMENT under test (the device under test of DUT)
should|be disconnected from the SuPPLY MAINS. If not possible, special precautions should be
taken fo prevent HARM to the personnel performing the tests and measurements of other

individTaIs who might be affected.

Connections such as data lines or functional earth conductors can act like PROTECTIVE EARTH
CONNECTIONS. Such additional, but unintentional, PROTECTIVE EARTH CONNECTIONS can create
measurement errors.

Unless otherwise specified in IEC 60601-1, ME EQUIPMENT is to be tested under the least
favourable working conditions. The working conditions are specified in the ACCOMPANYING
DOCUMENTS. The least favourable working conditions are to be documented for every test
where they apply.

Considering the ambient temperature, humidity and pressure described in the technical
description, tests should be performed at the worst-case extremes depending on the test and
the effects of these parameters on the test results. If the test is not impacted by these
parameters, then test can be conducted anywhere within the specified range.
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4.2 Visual inspection

Covers

and housings should be opened only:

— if required in the instructions for use for the ME EQUIPMENT, or

— if specified in this technical report, or

— if there is an indication of a HAZARD or HAZARDOUS SITUATION.

Specia

— all

| attention should be paid to the following:

fuses accessible from the outside should be marked (type, ratings) on the
ME EQUIPMENT or marked by reference and specified in the ACCOMPANYING DOCUMENTS;

— the
— any

— relg
DET

— all
refl

5 St

Some
are cof

NORMA|
IEC 60

6 Nu
TYPET

Multipl
affecte

7 Ap

Table 2
the rel
cross r

markings are legible and complete;
damage;

ACHABLE or FIXED POWER SUPPLY CORDS, PATIENT leads, tubing etc.);

vant ACCESSORIES should be assessed together with the MEEQUIPMENT (e.g.

required documentation, such as instructions for use, is present”“and compldte and

bcts the current revision of the ME EQUIPMENT.
hte of the ME EQUIPMENT

ests specified in this document are conducted inAhe”’NORMAL CONDITION whilst
ducted in SINGLE FAULT CONDITIONS.

501-1:2005.

mber of samples
ESTS are performed on a représentative sample of the item being assessed.

b samples can be utilizédy'simultaneously if the validity of the results is not signi
of

plicable test\items to the clauses of IEC 60601-1

eference to the relevant subclauses of IEC 60601-1:1988.

others

|. CONDITION and SINGLE FAULT CONDITIONS aredescribed in both IEC 60601-1:1988 and

ficantly

, Table/vand Table 10 relate the test PROCEDURES described in this technical rgport to
bvant.subclauses of IEC 60601-1:2005. When applicable, these tables also provide a

Annex G and Annex H contain an index of the tests in this technical report sorted by the
relevant subclause in IEC 60601-1:2005. Annex | and Annex J contain the lists sorted in
alphabetical order by test title.

8 Se

quence of tests

Unless stated otherwise, the tests in this technical report are to be sequenced in such a way
so that the results of any test do not influence the results of other tests. Tests should, if
applicable, be performed in the sequence indicated in Annex A, unless otherwise stated by
particular standards.

However, this does not preclude the possibility of conducting a test that preliminary inspection
suggests might cause failure.
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The tests for radiation HAZARDS, biocompatibility, USABILITY, alarm systems, PEMS and
electromagnetic compatibility can be performed independently from the tests specified in the
present document.

The tests specified for ME SYSTEMS should be performed in the same sequence as the tests
for ME EQUIPMENT.

9

General testing condition

The following general testing conditions should be applied:

a)
b)
c)

d)

e)

f)

g)

h)

After the DUT has been set up for NORMAL USE, tests are carried out under the least
favpurable working conditions which are specified in the ACCOMPANYING DOCUMENTS

The DUT is to be shielded from other influences (for example, draughts) that migh} affect
the| validity of the tests.

In ¢ases where ambient temperatures cannot be maintained, the testconditions arg to be
corlsequently modified and results adjusted accordingly.

Qualified personnel are to perform these tests. Qualifications, include training fon the
subjject, knowledge, experience, and acquaintance with the relevant technologi¢s and
regulations. The personnel should be able to assess safety and should be able to
recbgnize possible consequences and HAZARDS %“arising from non-conforming
ME [EQUIPMENT

ACCESSORIES for the ME EQUIPMENT, which can affect the safety of the DUT or the results
of {he measurements, should be included in the tésts. ACCESSORIES included in thle tests
are| to be documented.

All tests are to be performed in such a manner that no unacceptable RISK arises for[testing
pensonnel, PATIENTS or other individuals.

If ot otherwise stated, all values farccurrent and voltage are effective values (r.m.s.) or
d.c} values as appropriate.

All [tests performed should be comprehensively documented. The documentation |should
contain as a minimum the following data:

— lidentification of the testing body (e. g. company, department);
— [names of the persons, who performed the testing and the evaluation(s);

— lidentification of<the ME EQUIPMENT (e. g. type, serial number, inventory number) and the
ACCESSORIES\tested;

— |measurements (measured values, measuring method, measuring equipment,
environmental conditions);

— |date and signature of the individual, who performed the evaluation; and

— [|if"\applicable, the ME EQUIPMENT tested should be marked/identified accordingly.

In addition to TYPE TESTS, the MANUFACTURER of the ME EQUIPMENT can establish the
testing interval and the extent of testing for periodic inspection and has to disclose it in the
ACCOMPANYING DOCUMENTS. In establishing the testing interval, the following
considerations should be taken into account:

— the level of RISK of the ME EQUIPMENT as described in the RISK MANAGEMENT FILE,

— the frequency of its use,

— the operating environment,

— type of ME EQUIPMENT (STATIONARY, MOBILE, emergency), and

— the frequency of occurrence of device failures.

If there is no information on the testing interval for periodic inspection in the

ACCOMPANYING DOCUMENTS (e.g. for older ME EQUIPMENT), it can be established by a
competent person. In defining the level of RISK, the above factors and the
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10

10.1 General

a)

b)

d)

e)

f)

g)

recommendations of the MANUFACTURER should be taken into account. The testing interval
for periodic inspection can be set in the range of 6 months to 36 months.

In the event of the necessity for repairs or modifications after a failure or the likelihood of
a failure during the sequence of tests, the testing laboratory and the supplier of the
ME EQUIPMENT can agree, either upon the use of a new sample on which all relevant tests
are to be carried out again or, preferably, upon making all the necessary repairs or
modifications after which only relevant tests are repeated.

Unless otherwise specified in IEC 60601-1, ME EQUIPMENT is to be tested under the least
favourable working conditions. The working conditions are specified in the ACCOMPANYING
DOCUMENTS. The least favourable working conditions shall be documented for every test
where they apply.

ME[EQUIPMENT having operating values that can be adjusted or controlled by the ORERATOR
is adjusted as part of the tests to values least favourable for the relevantctest,| but in
acdordance with the instructions for use.

If the test results are influenced by the inlet pressure and flow or chemical’composijtion of
the| cooling liquid, the test is to be carried out within the limits for these-¢haracterigtics as
prescribed in the technical description.

WhHhere cooling water is required, potable water is to be used.

Ex¢ept in special cases, such as PATIENT supports and) waterbeds, contagt with
ME [EQUIPMENT is supposed to be made with:

— lone hand, simulated for LEAKAGE CURRENT measurements by a metal [foil of
10 cm x 20 cm (or less if the total ME EQUIPMENT js\smaller);

— |one finger, straight or bent in a natural position, simulated by a standard tes{ finger
(Figure F.1) provided with a stop plate; or

— |an edge or slit that can be pulled outwards allowing subsequent entry of a|finger,
simulated by a combination of test hook\(Figure F.2) and standard test finger.

Pdwer sources for tests

WhHhere test results are inflGenced by deviations of the supply voltage from its RATEQ value,
the| effect of such deviations is to be taken into account.

ME|EQUIPMENT for aze~'only should be tested with a.c. at RATED frequency (if marked)
+ 1|Hz for a RATED frequency between 0 Hz and 100 Hz and + 1 % for a RATED frefjuency
abgve 100 Hz. MEe-EQUIPMENT marked with a RATED frequency range is to be tested at the
leapt favourable-frequency within that range.

ME[EQUIPMENT designed for more than one RATED voltage, or for both a.c. and d.q., is to
be |testedrin conditions related to the least favourable voltage and nature of supply, for
exdmple, number of phases (except for single-phase supply) and type of current. If might

be Rece y/ co—peH6 o RO+ aHH—OhHee o+ce O o WA

configuration is least favourable.

ME EQUIPMENT for d.c. only is to be tested with d.c. When performing the tests, the
possible influence of polarity on the operation of the ME EQUIPMENT is to be taken into
consideration.

Unless otherwise specified by this technical report, ME EQUIPMENT is to be tested at the
least favourable RATED voltage within the relevant range. It might be necessary to perform
some of the tests more than once in order to establish the least favourable voltage.

ME EQUIPMENT for which alternative ACCESSORIES or components specified by the
MANUFACTURER are available is to be tested with those ACCESSORIES or components that
give the least favourable conditions.

If the instructions for use specify that ME EQUIPMENT is intended to receive its power from
a separate power supply, it is to be connected to such a power supply.
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10.2 Connection to a separate power source

If ME EQUIPMENT is specified for connection to a separate power source, other than the suppLY
MAINS, either the separate power source should be considered as part of the ME EQUIPMENT
and all relevant requirements of this standard should apply, or the combination should be
considered as an ME SYSTEM.

NOTE What was formerly referred to, in the first and second editions of IEC 60601-1, as a “specified power
supply” is now considered either as another part of the same ME EQUIPMENT or as another electrical equipment in
an ME SYSTEM.

10.3 Connection to an external d.c. power source

If ME HQUIPMENT is specified for power supplied from an external d.c. power souice, no
HAZARD, other than absence of function, should develop when a connection with 'thel wrong
polarity is made and the ME EQUIPMENT should provide ESSENTIAL PERFORMANCE~as) degcribed
in the ]JACCOMPANYING DOCUMENTS when connection is subsequently made with” the [correct
polarity.

NOTE The external d.c. power source can be a SUPPLY MAINS or another item of electrical equipment. In {he latter
case, th¢ combination is considered to be an ME SYSTEM.

10.4 $Pource of power for ME EQUIPMENT

ME EQUIPMENT is either powered by an INTERNAL ELECTRIGAL POWER SOURCE, specified for
connedtion to a separate power supply, or is suitable for ,connection to SUPPLY MAINS| either
independently or in combination, as long as only one connection to mains is provided.|This is
checkeld by inspection of the ACCOMPANYING DOCUMENTS.

10.5 $SUPPLY MAINS for testing ME EQUIPMENT

SUPPLY MAINS used for testing ME EQUIPMENT\have the following characteristics:

— volage dips, short interruptions and\voltage variations on the SUPPLY MAINS as degcribed
in IEC 60601-1-2;

— no yoltage in excess of 110 %cor lower than 90 % of the NOMINAL value between any of the
conductors of the system af between any of these conductors and earth;

— voltages that are pragctically sinusoidal and forming a practically symmetrical |supply
system in case of polyphase supply;

— afrequency of notimiore than 1 kHz;

— a frequency deviation of < 1 Hz from the NOMINAL value up to 100 Hz and <1 % frpm the
NOMINAL valtefrom 100 Hz to 1 kHz;

— the|protective measures as described in IEC 60364-4-41.

NOTENMf ME EQUIPMENT is intended to be operated from a SUPPLY MAINS with characteristics different|from the
SUPPLY MAINS described in this subclause, additional SAFETY measures might be necessary.

— ad.c. voltage (as measured by a moving coil meter or equivalent method) having a peak-
to-peak ripple not exceeding 10 % of the average value.

Where peak-to-peak ripple exceeds 10 % of the average value, the peak voltage has to be
applied.

The characteristics of electrical power source used to power the DUT should be evaluated as
described in Annex L.


https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014 -17 -

11 Measurement and test equipment

11.1 General requirements

The measurement and test equipment should comply with requirements of the IEC 61010
series of standards.

In NORMAL USE the measurement equipment should not expose the person doing the
testing or other individuals to unacceptable RISKS.

The accuracy of the measuring functions within the range marked or declared by the
measurement equipment manufacturer should be specified in the test data sheet. See also
11.2.

The—l—l_d'l_l'h_l_l_h_m'b_l_m_d_rb_m_l;Emeasuremen equipment used for the tests shou € tested and calibrated at yegular
intgrvals according to the information given by its manufacturer and should be tracéable to
natlonal or international standards. Calibration should be performed by a calipration
labpratory with a quality management system in accordance with ISO/IEC 17025.

For| the tests, PROTECTIVE EARTH CONNECTIONS can be interrupted ri”’the megasuring
deVices, if protection against electric shock is guaranteed by-' another megns of
IE]Q 61010-1.

In the measurement equipment, an electrical separation of the measurement dircuits,
inclluding measuring device (MD), from the SUPPLY MAINS including its PROTECTIVE EARTH
CONDUCTOR should be guaranteed.

Anyl connection to earth of the DUT can result in wrong meéasurement data. Therefore the spt-up of
the Imeasurement equipment should ensure a galvanic separation from earth, or attention sHould be
drayn to the necessity of isolated positioning of the DUT by an automatic warning or by g clearly
visible marking.

It if recommended to use dedicated test _equipment (e.g. dielectric withstand |tester,
ground bonding and continuity tester, etc.).

The test equipment should be capablesof providing all voltages and currents neegled for
the| range of tests to be performed.\(€.g. for dielectric testing: voltage and currgnt; for
gropnd bond: current and impedance).

The test equipment should be easily adaptable to different test requirements. Most qnodern
tesfers provide this flexibility'through programmability plus an ability to recall prejiously
stofed test setups on demand.

Thg test equipment shoeuld be designed so that normal variations in line voltage and
connected load do not'cause the output voltage and current measured at the DUT]|to rise
abdve or fall below)the levels required for the test. This improves test repeatabiljty and
greptly reduces.inconsistencies in measurements.

Thg test equipment should have a well-designed front panel with easily read| digital
displays .of.-measurements, settings, and pass/fail indicators. Audible alarms afe also
can be
nat the
he first

The START TEST button, where applicable, should be large, well marked, and protected
in a way that prevents accidental activation of a test. The STOP TEST button, where
applicable, should also be easily identified (preferably bright red) and placed so as to be
quickly found in an emergency.

Pushbuttons for setting, storing, or recalling test values, alarm limits, and test sequences
should be clearly marked and easily operated by test personnel.

Modern test equipment is equipped with some type of standard data communication
interface for connection to remote data processing, computer, or control equipment. The
typical interfaces are an IEEE-488 general-purpose interface bus and an RS232 serial
communication line.
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11.2 Accuracy

The accuracy of the measurement and test equipment measurement range should meet the
following typical specifications:

— voltage up to 1 000 V (d.c. up to 1 kHz): £1,5 %;

— voltage, 1 000 V and above (d.c. up to 20 kHz): £3 %;
— currentup to 5 A (d.c. up to 60 Hz): +1,5 %;

— current, 5 A and above (d.c. up to 5 kHz): £2,5 %;

— LEAKAGE CURRENT: #3,5 %;

2 1 A\AL 2. 0/

— powerabove—tWandup-to-3tW—=+3%0

— power factor: 0,05 %;

— frequency: £0,2 %;

— res|stance: +5 %;

— temperature (thermocouple not included) below 100 °C: +2 °C;

— temperature (thermocouple not included) 100 °C up to 500 °C: +3,%:;

— tim

— lindar dimensions up to 1 mm: 0,05 mm;
— lindar dimensions, 1 mm up to 25 mm: +0,1 mm;

— linelar dimensions, 25 mm and above: 0,5 %;

— ma

— ma

— forge: 16 %;

— torque: £10 %;

— andles: 1 degree;

— reldtive humidity: +6 % RH;

— barpmetric air pressure: £0,04-MPa;

— gag and fluid pressure (for static measurement): 5 %.

1.3

The m
accide

strength test, . a line voltage leakage test, or a protective earthing connection and co
test. Iff is récommended to use measurement and test equipment which includes
interlogks’ that provide protection by automatically shutting down the HIGH VOLTAGE

whene

b, 1 s and above: +1 %;

5s, 100 g up to 5 kg: £2 %;
5s, 5 kg and above: +5 %;

$Safety criteria for'selection

Iasurement and test equipment should be selected so that the test operator car
tally subjected to hazardous voltages and currents such as those used for a di

not be
blectric
ntinuity
safety
output

erva safety switch on the DUT is opened. Cables used for HIGH VOLTAGE outp

ut and

ground clips should be flexible, well insulated, and able to be repeatedly plugged into and
removed from the front panel over a long period of time without becoming frayed, worn, or

ineffective.

11.4

Calibration

The reference standards (e.g. voltage, current, impedance) used by the equipment supplier
for calibrating measurement and test equipment should be certified and traceable to national
standards. This ensures sustained integrity of calibration accuracy and compliance with

IEC/IS

0O 17025.

To establish uniform requirements for traceability of calibrations, calibration intervals and to
ensure consistent and repeatable test results, reference the specifications included in

Annex

M.
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12 Treatments of unit symbols and measured values

Numeric indications of parameters are to be expressed in Sl units according to ISO 31 except
the base quantities listed in Table 1. These units can be expressed in the indicated units,

which are outside the Sl units system.

Table 1 — Units outside the Sl units system that may be used

(IEC 60601-1:2005 + IEC 60601-1:2005/AMD1:2012, Table 1)

Unit
Base quantity
Name Symbol
Revolution r
Grade gon or grade
Plane gngle Degree °
Minute of angle !
Second of angle "
Minute min
Time Hour h
Day d
Energy| Electron volt eV
Volums Litre |2
| . Millimetres of mercury mmHg
Pressufe of respiratory gases, blood, and other body
fluids Centimetres of water cmH,0
Bar bar
Pressufe of gases
Millibar mbar
a8 For| consistency, in international standards only the symbol “I” is used for litre, although the symbdl “L” is
als¢ given in ISO 80000-1.
For application of Sl unitsi:their multiples and certain other units, ISO 80000-1 applies.
13 PROCEDURES+for testing, including particular conditions
13.1 General
The following subclauses contain a framework for performing tests that are required by
IEC 60801172005 These are presented as a Seres of teStPROCEDURES. 1 hey are divided

into three groups:

— tests performed by inspection of the DUT;
— test performed with the DUT not energized; and
— tests performed with the DUT energized.

Each test PROCEDURE is written as a sheet describing:

a) equipment needed for the test;
b) safety precautions during the test;

c) test sample preparation;

d) test conditions;
e) test set-up and PROCEDURE; and
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13.2 Tests to be performed by inspection
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Table 2 lists those tests that are performed by inspection of the DUT.

Table 2 — Tests to be performed by inspection

Test per IEC/TR 62354

Clause in
IEC 60601-1:1988

Clause in
60601-1:2005+AMD1:2012

No. Description

13.2.1 RISK MANAGEMENT PROCESS 4.2,4.5

13.2.2 Ratings on critical components 56.1 4.8,4.9,11.3 and 15.4

13.2.3 Determination of APPLIED PARTS and 4.6,5.9,8.4.2,9.2.1
ACCESSIBLE PARTS

13.2.4 Durability and legibility of marking 6.1,6.2 712,713

13.2.5 Battery markings 6.8.2, 56.7 7.3.3,15.4.3

13.2.6 PATIENT leads and PATIENT cables 8.5.2.3

13.2.7 Plugs, sockets 8.6.6

13.2.8 POTENTIAL EQUALIZATION TERMINAL 18 86.7

13.2.9 MAINS TERMINAL DEVICE 57.5 b) 8.11.4.2 e)

13.2.1Q | Sharp edges 23 9.3

13.2.11 | HAZARDS associated with support 21.3 9.8.1,9.8.3.1,9.8.4,9.85
systems

13.2.13 | Construction requirements for fire 11.3
ENCLOSURE of ME EQUIPMENT

13.2.13 | Marking, conductor colours, indicator 6.1, 6.2, 6.3, 6.4, 72,73,74,75,76,7.7,7.8{7.9
lights and controls and ACCOMPANYING 6.6, 6.7, 6.8
DOCUMENTS

13.2.14 | USABILITY of ME EQUIPMENT 12.2, 151, 7.1.1
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13.2.1 RISK MANAGEMENT PROCESS

Standard(s) Subclause(s): 13.2.1 RISK MANAGEMENT PROCESS
IEC 60601-1:2005+AMD1:2012 4.2,4.5

a) Equipment needed for the test: N/A, if not otherwise specified within the RISK MANAGEMENT
FILE.

b) Safety precautions during the test: According to specification in the RISK MANAGEMENT FILE.

c) Test sample preparation:
One representative test sample.

If applicable according to the specification in the RISK MANAGEMENT FILE

d) Test conditions:

If a‘pplicable according to the specification in the RISK MANAGEMENT FILE

e) TeJ;t set-up and PROCEDURE:

Inspection of the RISK MANAGEMENT FILE

If dpplicable according to the specification in the RISK MANAGEMENT FILE.

f) Prgsentation of the test results:
Subclause 4.2.2:

The MANUFACTURER has/does not have a policy for determining criteria for RISK acceptability;

The MANUFACTURER has/ does not have a RISK MANAGEMENT\plan for the particular ME EQUIPMENT
or ME SYSTEM under consideration; and

The MANUFACTURER has/has not prepared a RISK MANAGEMENT FILE containing the RISk
MANAGEMENT RECORDS and other documentation required by this standard for the particular
ME|EQUIPMENT or ME SYSTEM under consideration;

The documents need to be in accordance with 1ISO 14971.
Suclause 4.2.3.1.a):

The MANUFACTURER has/has not proVvided OBJECTIVE EVIDENCE that requirements outside of fhe
IEC 60601-1 series are adequate,

NQTE This clause is filled in withinthe RISK MANAGEMENT FILE only if the MANUFACTURER'’S result indicates
thajt requirements within IEC 60601-1 series are inadequate.

Sujpclause 4.2.3.1.b):

The MANUFACTURER/has/has not provided RECORDS in the RISK MANAGEMENT FILE to demonstfate
th3gt, after applying the specific requirements of this standard, the acceptance criteria deterpnined
by|[the MANUFACTURER are satisfied.

Subclause(4.2.3.1.c):

The MANUFACTURER has/has not provided RECORDS in the RISK MANAGEMENT FILE demonstrate that
thg RESIDUAL RISK is acceptable using the criteria for RISK acceptability recorded in the RISk
MANAGEMENT plan, i.e _no unacceptable RISK remains

Subclause 4.2.3.2 (if applicable):

The MANUFACTURER has/has not provided RECORDS in the RISK MANAGEMENT FILE for HAZARDS or
HAZARDOUS SITUATIONS that are identified for the particular ME EQUIPMENT or ME SYSTEM but are not
specifically addressed in this standard or its collateral or particular standards.

Subclause 4.5 (if applicable):

The MANUFACTURER has/has not provided RECORDS in the RISK MANAGEMENT FILE that:
— an alternative RISK CONTROL measure or test method is acceptable;
— can demonstrate through scientific data or clinical opinion or comparative studies that:

e the RESIDUAL RISK that results from applying the alternative RISK CONTROL measure or test
method remains acceptable, and

e is comparable to the RESIDUAL RISK that results from applying the requirements of this
standard.
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13.2.2 Ratings on critical components

Standard(s): Subclause(s): 13.2.2 Ratings on critical
IEC 60601-1:2005 4.8,4.9,11.3 and 15.4 components

a) Equipment needed for the test: N/A

b) Safety precautions during the test: N/A

c) Test sample preparation:
One representative test sample.

No preparation necessary.

d) TePpt conditions:

Do no{ energize the DUT during this test.

e) Tept set-up and PROCEDURE:

Expmine the circuit diagrams for the DUT to identify any critical components. |d€ntify the types
anfl manufacturers of these components using the parts lists. Obtain the data)sheets and/o
drgwings from each manufacturer that are required to assess whether these_components are
working within their specified ratings. If the operating conditions cannot‘be-established fron] the
cirguit analysis, then determine these ratings based on other tests e.g. heating test, WORKING
VOLTAGE etc. Do not check flammability ratings of materials unless the MANUFACTURER has
implemented a fire ENCLOSURE. In that case, only subject materials_to flammability rating tegting
(agcording to Subclause 11.3 of IEC 60601-1:2005) that are ejther part of the fire ENCLOSURE or
arg¢ inside the fire ENCLOSURE. This assessment should include-the flammability rating of all
plgstics (i.e. PCBs, connectors, fans, insulators, bobbins;relay housings, plastic fuse holders,
sldeving, insulated cables, plastic ENCLOSURES etc.).

Onlly plastics of sufficient size to influence the spread.of fire need be assessed. Where sevégral

smlall amounts of a plastic are in the same vicinity then the cumulative effect should be takgn into
acgount.

f) Presentation of the test results:

TABLE: List of critical components

Object/ | MANUFACTURE Type / Technical data Operating Standard | Mark(s) of
Part Np | R/ Trademark Model within conformity

ratings (Y/N)

TABLE: Resistance to fire

Item Material/type Manufacturer Declared rating | Approval
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13.2.3 Determination of APPLIED PARTS and ACCESSIBLE PARTS

IEC 60601-1:2005+AMD1:2012 4.6,5.9, 8.4.2,9.2.1

Standard(s): Subclause(s): 13.2.3 Determination of APPLIED

PARTS and ACCESSIBLE PARTS

1)
2)
3)
4)
5)
6
7)
8)

~

a) Equipment needed for the test:

Unjointed test finger
Jointed test finger (Figure F.1)
Test pin (Figure F.3)

Force gauge

‘VAV’C;H:I‘I:
Test hook (Figure F.2)
Watch (indicating seconds)

Test rod

b)

Us|

SaLety precautions during the test:

normal laboratory safety PROCEDURES during this test.

c)

TeLt sample preparation:

On
No

e representative test sample.

preparation necessary.

d)

Te

Do| not energize the DUT during this test.

st conditions:

Te
1)

2)

3)

4)

5)

6)

7)

8)

bt set-up and PROCEDURE:

Identify APPLIED PARTS by inspection of the<ME EQUIPMENT and ACCOMPANYING DOCUMENTS.
Determination of an ACCESSIBLE PART (electrical, hazardous moving, etc.) should be mad
using test probes (joined and/or rigid_tést finger, test pin, test hook, test rod). Refer also
Subclause 4.6 of IEC 60601-1:2005/AMD1:2012.

Apply the test fingers and pin without force unless a force is specified. Any parts that thg
finger or test pin touches are-¢Considered to be accessible.

Apply the standard test finger in a bent or straight position:
— to all positions of ME EQUIPMENT when operated as in NORMAL USE

— if ME EQUIPMENT_can be opened without the use of a TooL or if the instructions for use
describe opening, do this after opening ACCESS COVERS and removal of parts, includir]
lamps, fuses ‘and fuse holders.

Apply the standard test finger without appreciable force to all apertures in an attempt to
contacihiazardous parts (electrical or moving). Apply the test finger to the aperture's op
in every possible way. Do not tilt floor mounted ME EQUIPMENT that has a mass in any
operational condition exceeding 45 kg.

11

—

o

b test

ENnings

Test ME EQUIPMENT which its technical description indicates should be mounted into a ca
in its final mounting position.

Test openings into which the standard test finger cannot be put by inserting a straight,
unjointed test finger with a force of 30 N. If the finger enters, repeat the test using the
standard test finger by pushing the finger through the opening if necessary.

binet

Insert the test hook in all relevant openings and the pull it with a force of 20 N for 10 s in a
direction substantially perpendicular to the surface of the relevant opening. After applying the

test hook, inspect the interior using the standard test finger.

Identify any additional parts that become accessible using the standard test finger and by

inspection.
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13.2.3 Determination of APPLIED PARTS and ACCESSIBLE PARTS (continued)
Standard(s): Subclause(s): 13.2.3 Determination of APPLIED

PARTS and ACCESSIBLE PARTS

9) Conductive parts of actuating mechanisms of electrical controls that are accessible after

removal of handles, knobs, levers and the like are regarded as ACCESSIBLE PARTS.

10) Conductive parts of actuating mechanisms are not considered accessible if removal of

11) Take any actions the OPERATOR should perform in NORMAL USE (with or without a TooL) that

12

13

14

handles, knobs, etc. requires the use of a TooL and inspection of the MANUFACTURER'S RISK

MANAGEMENT FILE demonstrates the relevant part is unlikely to become detached
unintentionally during the useful life of the ME EQUIPMENT.

increase the accessibility of paris (e.g. opening doors, removing covers, adjusiing conir
replacing consumable material, removing parts).

For rack- and panel-mounted ME EQUIPMENT, install the ME EQUIPMENT according'to-the
MANUFACTURER'S instructions. For such ME EQUIPMENT, the OPERATOR is assumed, to be in
of the panel.

Other than contacts of plugs, connectors and socket outlets, the test pin does not cont
parts other than those specified in Subclause 8.4.2 c¢) of IEC 60601-1:2005. Insert in all
possible positions with a force up to 1 N.

Openings in the top or for the adjustment of preset controls are_such that access with the

test rod does not contact parts other than those specified in Subclause 8.4.2 c) of IEC 6
1:2005. Insert in all possible positions with a force up to 10°N. If the instructions for use
specify a different TooL for the adjustment of preset controls, repeat the test using that 1

Is,

front

Act

D60 1-

OOL.

f) Pr
List of

bsentation of the test results:

APPLIED PARTS!

TABLE: APRLIED PARTS

Location Remarks
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13.2.4 Durability and legibility of marking

IEC 60601-1:2005+AMD1:2012 71.2,71.3

Standard(s): Subclause(s): 13.2.4 Durability and
legibility of marking

a) Eq
1)
2)
3)
4)

uipment needed for the test:

Cloth rag

Stop watch/clock (indicating seconds)
Distilled water

Ethanol 96 % as defined in the European Pharmacopoeia as a reagent in the following terms:
CoHgO (MW46.07).

Isopropyl alcohol — Isopropyl alcohol is defined in the European Pharmacopoeia as a_réagent
in the following terms: C3HgO (MW60.1).

Light regulation means
Lux meter
1m/30° gauge

Protective gloves

b) Sa

fety precautions during the test:

Fform this test in a well-ventilated area.

Us|

E appropriate protective gloves when conducting durability of markings test.

c) Tept sample preparation:
One sample of marking nameplates attached to the DUT as specified by the MANUFACTURER

1)
2)

d) Tekt conditions:

Consider the effect of NORMAL USE on markings while evaluating durability.

Do not energize the DUT during this test.

MarKing location

Use

bf marking

Materrial

Held

by

Appl

led surface material

e) Te
1)

2)

bt set-up and'PROCEDURE:

Durability:’Perform the rubbing test using distilled water, methylated spirit and isopropyl
alcahol Rub the markings by hand without undue pressure:

A\ Mirst for 15 s with a cloth rag soaked with distilled water,

— then for 15 s with a cloth rag soaked with methylated spirit,
— and then 15 s with a cloth rag soaked with isopropyl alcohol.

Legibility: Position the DUT or its part in the OPERATOR'S intended viewing position, or at any
point within the base of a cone subtended by an angle of 30° to the axis normal to the centre
of the plane of the marking and at a distance of 1 m. Select the least favourable ambient
luminance level in the range of 100 Ix to 1 500 Ix. The observer who has a visual acuity,
corrected if necessary, of 0 on the log minimum angle of resolution (log MAR) scale or 6/6
(20/20), and is able to read N6 of the Jaeger test card, in normal room lighting conditions
(approximately 500 Ix), needs to correctly perceive the marking from their position.

The observer correctly perceives the marking from the viewpoint.
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13.2.4 Durability and legibility of marking (continued)

Standard(s):

IEC 60601-1:2005+AMD1:2012

Subclause(s):
71.2,71.3

13.2.4 Durability and legibility
of marking

f) Presentation of the test results:

TABLE: Durability and legibility of marking

Marking

Legible (Y/N)

Curled (Y/N)

Edge lifted (Y/N)

Observation

The mprking was/was not damaged.

The lapel was/was not easily removed.
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13.2.5 Battery markings

Standard(s) Subclause(s): 13.2.5 Batteries
IEC 60601-1:2005 7.3.3

a) Equipment needed for the test: N/A

b) Safety precautions during the test: N/A

On

c) Test sample preparation:

e representative test sample.

fault current (including short-circuit current) that can flow.

No preparation necessary.

d) Tept conditions:
Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:
Viqual inspection

f) Presentation of the test results:
The battery compartment was/was not marked with the type of battery¢and the mode of insprtion
(if ppplicable).
The battery compartment was/was not designed to prevent the Rigk of accidentally short-
cirgcuiting the battery.
The battery compartment was/was not ventilated to minimize the rRisk of accumulation and
ignlition when using batteries from which gases are likely.to result in an unacceptable RISK if the
gages escape during charging or discharging.
The compartment for batteries intended to be changed only by SERVICE PERSONNEL with the lise of
a TjooL was/was not marked with an identifying marking referring to information provided in|the
ACCOMPANYING DOCUMENTS.
The battery compartment was/was not marked with a warning indicating that only trained
pefsonnel can replace the batteries or fuelcells if the incorrect replacement would result infan
unfcceptable RISK.
Idgntifying marking referring to the ACCOMPANYING DOCUMENTS was/was not provided.
The design of the battery charging circuit does/does not prevent overcharging.
The primary lithium batteries (cells and assemblies of cells) used in ME EQUIPMENT do/do ngt
comply with the marking.requirements of IEC 60086-4.
The secondary lithium-batteries (cells and assemblies of cells) used in ME EQUIPMENT do/do| not
comply with the matking requirements of IEC 62133.
The INTERNALELECTRICAL POWER SOURCE in ME EQUIPMENT does/does not provide an appropfiately
RATED device that protects against fire due to excessive current if the cross-sectional area gnd
layjout ofthe internal wiring or the rating of connected components can give rise to a fire in case
of p shart circuit.
Prd iImum

Justification for omission of fuses or OVER-CURRENT RELEASES was/was not included in the RISK
MANAGEMENT FILE.

Means of preventing insertion or replacement of a battery incorrectly was/was not provided

wh

ere an unacceptable RISK might occur.
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13.2.6 PATIENT leads or PATIENT cables

Standard(s): Subclause(s): 13.2.6 PATIENT leads
IEC 60601-1:2005+AMD1:2012 8.5.2.3

a) Equipment needed for the test:
1) Calliper
2) Unjointed test finger
3) Dielectric strength tester

4) Force gauge

b) Sa i i st:
Usg normal laboratory safety PROCEDURES during this test.

c) Tept sample preparation:
One representative test sample.

No| preparation necessary.

d) Tekt conditions:
1) |Do not energize the DUT during this test.
2

~

This test applies to any connector for electrical connections, on“a PATIENT lead or cable
containing a conductive part that is not separated from all PATIENT CONNECTION(S) by ong
MEANS OF PATIENT PROTECTION for a WORKING VOLTAGE eqdal to the MAXIMUM MAINS VOLTAGH.
“Said part” refers to the “...conductive part of the conféector that is not separated from all
PATIENT connections....”

e) Tept set-up and PROCEDURE:

The connector should be constructed so that said)part cannot become connected to earth of a
pofsible hazardous voltage while the PATIENT'CONNECTION(S) contacts the PATIENT.

1) |Verify whether said part comes into contact with a flat conductive plate.
2
3

~

Measure the AIR CLEARANCE between connector pins and a flat surface.

~

If said part can be plugged into_a ‘mains socket, said part should be protected from makihg
contact with parts at MAINS.\MOUTAGE by at least one insulating means that provides a spegified
CREEPAGE DISTANCE and d dielectric strength of 1 500 V for 1 min.

4

~

Apply the straight unjoeinted test finger in the least favourable position against the accesp
openings with a foree;of 10 N.

f) Presentation of the test results:

The said part did/did not come into contact with a flat conductive plate of not less than 104 mm
digmeter.

The AIR-€EEARANCE between connector pins and a flat surface was/was not at least 0,5 mm

If gble’to be plugged into a mains socket outlet, the insulating means did/did not provide a

CREFPAGSEPHSTANCGE ofatlasct 4 O A
o AT oo TANCT Ot e ot U

If able to be plugged into a mains socket outlet, there was/was no indication of dielectric
breakdown between the said part and the insulating means.

The rigid test finger did/did not make electrical contact with the said part.
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13.2.7 Plugs, sockets

Standard(s): Subclause(s):
IEC 60601-1:2005 8.6.6

13.2.7 Plugs, sockets

a)

Equipment needed for the test:

1) Callipers

b)

Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

Test sample preparation:

One representative test sample.

No| preparation necessary.

d)

Tept conditions:

Do| not energize the DUT during this test.

This test applies where the connection between the suppPLY MAINS and the DU T or between

separate parts of the DUT that can be operated by the OPERATOR is made)via a plug and so¢ket

device.

Th|s also applies if interchangeable parts are PROTECTIVELY EARTHED.

e)

Tept set-up and PROCEDURE:
\Y,

qual inspection and dimensional measurement of the conhector pins.

f)

Presentation of the test results:

The PROTECTIVE EARTH CONNECTION was/was not made before and interrupted after the supq

connections were made or interrupted.

y
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13.2.8 POTENTIAL EQUALIZATION TERMINAL

IEC 6

Standard(s): Subclause(s): 13.2.8 POTENTIAL EQUALIZATION

0601-1:2005+AMD1:2012 8.6.7 TERMINAL

a) Equipment needed for the test: N/A

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

On

e representative test sample.

No

preparation necessary.

d) Tept conditions:

Do

Th
EQ

not energize the DUT during this test.

s test applies to ME EQUIPMENT that provides a terminal for the connection of,a POTENTIAL
JALIZATION CONDUCTOR.

e) Tept set-up and PROCEDURE:

Viqual inspection.
f) Presentation of the test results:
The terminal was/was not accessible to the oPERATOR with thexsDUT in any of its possible NDRMAL
USE positions.
Actidental disconnection was/was not avoided in NORMARVUSE.
The terminal does/does not allow the conductor to be*detached without the use of a ToOL.
The terminal was /was not used for a PROTECTIVE,EARTH CONNECTION.
The terminal was/was not marked with symbol'lEC 60417-5021(2002-10).
The instruction for use does/does not contain information on the function and use of the
POFENTIAL EQUALIZATION CONDUCTOR together with a reference to the requirements of
IEC 60601-1:2005 for ME SYSTEMS.
The POWER SUPPLY CORD does /does not incorporate a POTENTIAL EQUALIZATION CONDUCTOR.
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13.2.9 MAINS TERMINAL DEVICE

Standard(s): Subclause(s): 13.2.9 MAINS TERMINAL DEVICE

IEC 60601-1:2005 8.11.4.2 e)

a) Equipment needed for the test:
1) Calliper

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Str||pp|ng of msutation.

d) Telst conditions:
Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

1) |Strip 8 mm of insulation off of the end of a flexible conductor that has a(¢roSs-sectional @rea
as specified in Table 3 and that is used for connection to a MAINS TERMINAL DEVICE.

Tlable 3 — NOMINAL cross-sectional area of conductors of-a POWER SUPPLY CORp

(IEC 60601-1:2005, Table 17)

RATED current (/) of NOMINAL cross-sectional area
ME EQUIPMENT
A mm? Cu

1<6 0,75
6</1<10 1
10</<16 1,5
16 <1<25 2,5
25< /<32 4
32 < (440 6
40.< /<63 10

2) |Leave a single wirewofithe stranded conductor free and secure the rest of the conductor o the
terminal to simulate Ja fully introduced conductor.

Bend the freetwire in every possible direction without pulling back the insulating sheath pnd
without making sharp bends around partitions.

3

~

4) |Any contact between the free wire and any other part that short-circuits a MEANS OF

PROTEETION constitutes a failure.

~
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13.2.9 MAINS TERMINAL DEVICE (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):
8.11.4.2 ¢)

13.2.9 MAINS TERMINAL DEVICE

f) Presentation of the test results:

TABLE: MAINS TERMINAL DEVICE

Conductor stripped:

Contact to other parts:

MEANS OF PROTECTION
short-circuited: Yes/No
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13.2.10 Sharp edges

Standard(s):

IEC 60601-1:2005+AMD1:2012

Subclause(s):
9.3

13.2.10 Sharp edges

a) Equipment needed for the test: N/A

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

One representative sample with fully loaded options/ACCESSORIES, consisting of the complete

EN(I:LOSURE in its normal position

d) Telst conditions:

Actessible edges or corners of the DUT, except those required for proper functioning of the

ME|EQUIPMENT were assessed.

Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

Suffaces described below are judged for sharp edges.

Surface

Material

Observations

f) Presentation of the test results:

TABLE: Sharp edges

Edge location

Unacceptable RISK present

Yes/No

The edges and)corners were/were not considered to be rounded and smooth.

The HAZARDS related to sharp edges are/are not included in the RISK MANAGEMENT FILE.
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13.2.11 HAZARDS associated with support systems

Standard(s): Subclause(s): 13.2.11 HAzARDS associated
IEC 60601-1:2005+AMD1:2012 9.8.1, 9.8.3.1, 9.8.4, 9.8.5 with support systems

a) Equipment needed for the test: N/A

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

One representative sample with fully loaded options/ACCESSORIES, consisting of the complete
ENCLOSURE in its normal position

d) Telst conditions:
Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

The DUT is evaluated for HAZARDS associated with support systems based on|visual inspecfion of
thg ME EQUIPMENT and on inspection of the documentation provided.

f) Presentation of the test results:

The construction of the support, suspension or actuation system iS/is’'not designed based ypon
defermination of TENSILE SAFETY FACTOR and the TOTAL LOAD.

Mdgans of attachment of ACCESSORIES are/are not designedssueh that any possibility of incofrect
attachment that could result in an unacceptable RISK is avoided.

The RISk ANALYSIS of support systems does/does not censider HAZARDS arising from static,
dynamic, vibration, impact and pressure loading, foundation and other movements, tempergdture,
enyironmental, manufacture and service conditions:

Allllikely failure effects were/were not considéered in the RISK ANALYSIS. These include excegsive
deflection, plastic deformation, ductile or brittle fracture, fatigue fracture, instability (buckling),

stress-assisted corrosion cracking, wear,(material creep, material deterioration and residua
stresses resulting from the manufacturing PROCESSES, e.g. machining, assembling, welding,| heat
treptment or surface coating.

The ACCOMPANYING DOCUMENTS contain/do not contain instructions on attachment of structpres
to p floor, wall, ceiling, etc. making adequate allowances for quality of the materials used tq make
thg connection and list the required materials. Additionally advice/no advice on checking tlhe
adequacy of the surface ef the structure to which the parts will be attached. Additionally, the
ACCOMPANYING DOCUMENTS provide/do not provide instructions that once the MECHANICAL
PRPTECTIVE DEVICE has-been activated, SERVICE PERSONNEL are to be called and the MECHANIEAL
PRPTECTIVE DEVICE has to be replaced before the ME EQUIPMENT can be used again.

The DUT is/is_not marked properly.

The DUT_does/does not require a MECHANICAL PROTECTIVE DEVICE.

whiichtincludes SAFE WORKING LOAD when applicable.

W}Fere required, the MECHANICAL PROTECTIVE DEVICE is/is not designed on the basis of TOTAL LOAD,
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13.2.11 HAZARDS associated with support systems (continued)

Standard(s): Subclause(s): 13.2.11 HAzZARDS associated with

IEC 60601-1:2005+AMD1:2012 | 9.8.1, 9.8.3.1, 9.8.4, 9.8.5 support systems

The MECHANICAL PROTECTIVE DEVICE has/does not have the TENSILE SAFETY FACTORS for all parts
correct selected.

The MECHANICAL PROTECTIVE DEVICE activates/does not activate before travel (movement) prod
an unacceptable RisK.

uces

The MECHANICAL PROTECTIVE DEVICE takes into account/does not account for continuous activation

and MECHANICAL PROTECTIVE DEVICE intended for single activation.
It did/gHene i M AMHGAE-RROFECTHYE-BEHGE-Rasbeo

replacgd.
Furthdgr use of the ME EQUIPMENT is/is not impossible until the MECHANICAL PROTECTIVE\REVICE has
been replaced.

Suppart system parts are/are not impaired by wear.

on to
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13.2.12 Construction requirements for fire ENCLOSURE of ME EQUIPMENT

Standard(s): Subclause(s): 13.2.12 Construction

. requirements for fire
IEC 60601-1:2005 1.3 ENCLOSURE of ME EQUIPMENT

a) Equipment needed for the test:
1) Calliper
2) Metric gauge pins

3) Inclinometer

b) Safety precautions during the test:

Usg normal laboratory safety PROCEDURES during this test.

c) TTt sample preparation:
(0]

e representative test sample.

d) TeLt conditions:
Dol not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

1) |[Flammability ratings of materials are to be checked only where’the' MANUFACTURER has
implemented a fire ENCLOSURE and only if the materials used ‘as.part of the fire ENCLOSURE or
inside of the fire ENCLOSURE are subject to flammability rating.requirements according to
Subclause 11.3 of

IEC 60601-1:2005. Part of this assessment should include the flammability rating of all
plastics (i.e. PCBs, connectors, fans, insulators, bobbins, relay housings, plastic fuse hqglders,
sleeving, insulated cables, insulated wire, plastic\ENCLOSURES, etc).

NOTE Only plastics of sufficient size to influence the spread of fire need be assessed Where peveral
small amounts of a plastic are in the same vicinity then the cumulative effect should be takpn into

account.

2) |Inspect bottom and side ENCLOSURE opénings in accordance with Subclause 11.3.b) 1) apd 2)
of IEC 60601-1:2005.

3) |Inspect the ENCLOSURE and any baffle or flame barrier in accordance with Subclause 11.3 b)

3) of IEC 60601-1:2005.

f) Presentation of the test results:

TABLE: Resistance to fire

Item Material/type Manufacturer Flame rating

Insulated wire used within a fire ENCLOSURE has/does not have a flammability rating of FV-1 or
better;

Connectors, printed circuit boards and insulating material on which components are mounted
have/do not have a flammability classification of FV-2 or better.
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13.2.12 Construction requirements for fire ENCLOSURE of ME EQUIPMENT (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):

11.3

13.2.12 Construction requirements
for fire ENCLOSURE of ME EQUIPMENT

The bottom has no openings/has openings complying with Figure 1 constructed with baffles according to
Figure 2 or is made of metal perforated according to Table 4 or is made with a metal screen with a mesh not
exceeding 2 mm by 2 mm center to center and a wire diameter of at least 0,45 mm.

Key

A P
cq
cq

11
ok

D M

IEC

rt or component of the ME EQUIPMENT that is considered\to*be a source of fire. This consists of an pntire
mponent or part of the ME EQUIPMENT if it is not etherwise shielded, or the unshielded portior] of a
mponent that is partially shielded by its casing.

B Projection of the outline of A on the horizontal plane:

Inflined line that traces out the minimum area'of the bottom and sides to be constructed as speciffed in

.3b)1) and 11.3 b) 2). This line projectscat a 5° angle from the vertical at every point around the

rimeter of A and is oriented so as to trace out the maximum area.

nimum area of the bottom to be constructed as specified in 11.3 b) 1) [of the General Standard].

Figure 1 — Area of the.bottom of an ENCLOSURE as specified in 11.3 b) 1)

(IEC 60601-1:2005, Figure 39)

®
©)

Y = twice X but never less than 25 mm

IEC

Baffle plates (may be below the bottom of the ENCLOSURE)

Bottom of the ENCLOSURE

Figure 2 — Baffle

(IEC 60601-1:2005, Figure 38)
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13.2.12 Construction requirements for fire ENCLOSURE of ME EQUIPMENT (continued)

Standard(s): Subclause(s): 13.2.12 Construction

. requirements for fire
IEC 60601-1:2005 1.3 ENCLOSURE of ME EQUIPMENT

Table 4 — Acceptable perforation of the bottom of an ENCLOSURE

(IEC 60601-1:2005, Table 25)

Minimum thickness Maximum diameter of holes Minimum spacing of holes
centre to centre
mm mm mm
0,66 1,14 1,70 (233 holes/645,min?)
0,66 1,19 2,36
0,76 1.15 1,70
0,76 1,19 2,36
0,81 1,91 3,184(7Z holes/645 mm?)
0,89 1,90 3,18
0,91 1,60 2,77
0,91 1,98 3,18
1,00 1,60 2,77
1,00 2,00 3,00

Sides have no/have openings within the area that is included within the incline line C in Figure] 1.

The ENCLOSURE, any baffle or flame barrier is/is not made of metal (except magnesium) or nont
metalllc materials RATED FV-2 or better for TRANSRORTABLE ME EQUIPMENT and FV-1 or better for|FIXED
or STA[IONARY ME EQUIPMENT. For constructions according to Table 4 and metal screen mesh, s¢e

above
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13.2.13 Marking, conductor colours, indicator lights and controls and ACCOMPANYING

DOCUMENTS
Standard(s) Subclause(s): 13.2.13 Marking, conductor
. . colours, indicator lights and
IEC 60601-1:2005+AMD1:2012 7.2,7.3, 771, 775';, 7.6, 7.7, controls and ACCOMPANYING
e DOCUMENTS

a) Equipment needed for the test: N/A

b) Safety precautions during the test: N/A

c) Test sample preparation:

One representative test sample.

No| preparation necessary.

d) Tept conditions:
Do| not energize the DUT during this test.

Evpluate the marking and the ACCOMPANYING DOCUMENTS provided with the DUJT-

e) Tept set-up and PROCEDURE:

Evpluate the markings on the DUT, the colours of insulation and indicators and controls, and the
ACCOMPANYING DOCUMENTS provided with the DUT against the requirements in the standard.

f) Presentation of the test results:
1) [IEC 60601-1:1988:

The markings on the outside of ME EQUIPMENT or ME/EQUIPMENT parts do/do not satisfy the
requirements of Subclause 6.1.

The markings on the inside of ME EQUIPMENT or"ME EQUIPMENT parts do/do not satisfy the
requirements of Subclause 6.2.

The marking of controls and instruments.do/do not satisfy the requirements of Subclauge 6.3.
Any symbols do/do not satisfy the requirements of Subclause 6.4.

The colours of the insulation of cénductors do/do not satisfy the requirements of Subclduse
6.5.

The colours of indicator lights and controls do/do not satisfy the requirements of Subclquse
6.7.

The ACCOMPANYING BOCUMENTS do/do not satisfy the requirements of Subclause 6.8.

2)|IEC 60601-1:2005,* IEC 60601-1:2005/AMD1:2012:

The markings.on the outside of ME EQUIPMENT or ME EQUIPMENT parts do/do not satisfy the
requirements-of Subclause 7.2.

~

The markings on the inside of ME EQUIPMENT or ME EQUIPMENT parts do/do not satisfy the
requirements of Subclause 7.3.

The’marking of controls and instruments do/do not satisfy the requirements of Subclauge 7.4.

Any safety signs do/do not satisfy the requirements of Subclause 7.5.
Any symbols do/do not satisfy the requirements of Subclause 7.6.

The colours of the insulation of conductors do/do not satisfy the requirements of Subclause
7.7.

The colours of indicator lights and controls do/do not satisfy the requirements of Subclause
7.8.

The ACCOMPANYING DOCUMENTS do/do not satisfy the requirements of Subclause 7.9.
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13.2.14 USABILITY of ME EQUIPMENT

Standard(s)
IEC 60601-1:2005+AMD1:2012

Subclause(s):
12.2,15.1,7.1.1

13.2.14 Usability of ME EQUIPMENT

a) Equipment needed for the test: N/A

b) Safety precautions during the test:

N/A

c) Test sample preparation:

No preparation necessary.

d) Test conditions: N/A.

e) Tept set-up and PROCEDURE:

Ev|dence of compliance with this subclause and all requirements of this standard referring t
ingpection of the USABILITY ENGINEERING file are satisfied if the MANUFACTURER has:

— |established a USABILITY ENGINEERING PROCESS;
— |established acceptance criteria for UsABILITY; and

— |demonstrated that the acceptance criteria for usABILITY have been met.

(]

f) Presentation of the test results:

The MANUFACTURER has/has not elaborated a USABILITY ENGINEERING file.
The MANUFACTURER has/has not elaborated a USABILITY specifications document.

The MANUFACTURER has/has not established a usABILITY validation plan

The MANUFACTURER has/has not identified known or foreseeable HAZARDS related to USABILITY,

anglysed these HAZARDS according ISO 14971 and are included in the RISK MANAGEMENT FILH.



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014

—41 -

13.3 Measurements and tests performed on non-energized equipment

Table 5 lists those measurements and tests that are performed on a non-energized DUT.

Table 5 — Measurements and tests performed on non-energized equipment

Test per IEC/TR 62354

Clause in
IEC 60601-1:1988

Clause in
60601-1:2005

No. Description

13.3.1 Humidity preconditioning 4.10, 44.5 5.7

13.3.2 Impedance of PE connection 18 f) 8.6.4

13.3.3 Dietectricstrength 202 87873

13.3.4 Ball pressure 59.2 b) 8.8.4.1

13.3.5 Resistance to environmental stress 8.8.4.2

13.3.6 Thermal cycling 8.9.3.4

13.3.7 CREEPAGE DISTANCES and AIR 59.2 8.9.4
CLEARANCES

13.3.8 Strain relief (cord anchorage) 57.4 a) 8.11.375

13.3.9 Cord guard flexing (cord bending) 57.4 b) 811.3.6

13.3.1( Access to hazardous moving parts 9:2.1

13.3.11 Gaps 9.2.2.2

13.3.13 Instability(in transport position; 24 9.4.2.1,9.4.2.2,9.4.2.3,9.4.31,
excluding transport; from horizontal 9.4.3.2
and vertical forces and from
unwanted lateral movement)

13.3.13 Castors and wheels (force for 94242, 94243
propulsion, movement over a
threshold)

13.3.14 Handle loading 21 ¢) 9.4.4

13.3.14 Safety catch evaluation 28.3 9.8.1,9.8.2

13.3.14 Support loading 28.4 9.8.3

13.3.17 Overflow 44.2 11.6.2

13.3.18 Spillage 44.3 11.6.3

13.3.14 Leakage 44 .4 11.6.4, 13.2.6

13.3.2( Ingress ofwwater or particulate matter 44.6 11.6.5

13.3.21 Cleaning, sterilization and 44.7 11.6.6, 11.6.7
disinfection

13.3.22 Rush (rigidity) 21 15.3.2

13.3.23 Impact 21: 22 1533

13.3.24 Drop impact 21.5; 21.6 15.3.4

13.3.25 Rough handling 21.6 15.3.5,9.4.2.4.3

13.3.26 Mould stress relief 15.3.6

13.3.27 Actuating parts of controls (Knob pull 56.10 b) and c) 15.4.6.1, 15.4.6.2
and limitation of movement)

13.3.28 Construction of transformers 15.5.3
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13.3.1 Humidity preconditioning

Standard(s): Subclause(s): 13.3.1 Humidity preconditioning
IEC 60601-1:2005+AMD1:2012 5.7

a) Equipment needed for the test:

1) Environment chamber with control over humidity in the range of (93 £ 3) % relative humidity
(RH) and temperature in the range of (20 + 2) °C to (30 = 2) °C

2) Relative humidity and temperature recording equipment

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Tept sample preparation:

This test is to be applied only to those ME EQUIPMENT parts likely to be influenced bycthe climatic
conditions that are simulated by the test.

Onle representative test sample.

Prior to conditioning, parts of the DUT (covers) that could be removed witheut'the use of TgoLs
wefe removed and separately placed in the chamber.

Dufring conditioning, cable entrances and/or a conduit opening were-left open.

Do| not energize the DUT during this test.

d) Tert conditions:

A humidity chamber having relative humidity of 93 % + 2¢(%,is set to any convenient temperature
(T) between 20 °C and 32 °C. The DUT, before being placed in the chamber, is brought to a
temperature between T and (T + 4) °C and kept at this temperature for a minimum of 4 h.

e) Tept set-up and PROCEDURE:

1) |Place the DUT in the humidity chamber and\Kept it there for:
— 2 days (48 h) for ordinary (IPX0) ME>EQUIPMENT or ME EQUIPMENT parts.
— 7 days (168 h) for IPX1 — IPX8..

— If the RISK MANAGEMENT PROCESS suggests that the ME EQUIPMENT might be exposed tq high
humidity for extended périods (such as ME EQUIPMENT intended for out-door use), the
period should be extended appropriately (for IEC 60601-1:2005 only).

During this time the _témperature of the air in the chamber is maintained at T+ 2 °C.

2) |While still in the humidity chamber, but after all parts have been placed back on the DUT, the
dielectric strength/test according to Subclause 13.3.3 of IEC 60601-1:2005 should be

performed fer.a period of 1 min between applicable parts.

~

3) |Then the BUT is removed from the chamber, placed in a normal environment (temperatdre
approximiately T, humidity 45 % — 65 %) and 1 h later (for the IEC 60601-1:1988 only) LHAKAGE

CURRENT tests are performed according to Subclauses 13.4.7 — 13.4.12 of IEC 60601-1:2005.

~

f) Pregentation of the test results:TABLE: Humidity preconditioning

Identification of ME Soak Soak Soak Remarks
EQUIPMENT and its parts/IP temperature humidity duration

rating °c % RH h
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13.3.2 Impedance of PE connection

Standard(s): Subclause(s): 13.3.2 Impedance of PE
IEC 60601-1:2005+AMD1:2012 8.6.4 connection

a) Equipment requested for the testing:

1) Adjustable a.c. current source with a frequency of 50 Hz,60 Hz or d.c. and with a no-load
voltage not exceeding 6 V, which is able to produce 25 A or 1,5 times the highest RATED
current of the relevant circuit(s), whichever is greater (£ 10 %)

2) Suitable voltmeter and ammeter
3) Assorted connectors and cables
4)|Shunt, or

5) |Ground bond tester

b) Safety precautions during the test:
Usg normal laboratory safety PROCEDURES during this test.

High current testing can cause excessive localized heating of conductive parts and possiblg
bufns. An operator wearing conductive jewellery needs to take precautiopns.to ensure contagt with
thg high current test circuit is prevented.

o

c) Tept sample preparation:
rre representative test sample.

d) Telst conditions:
Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

1) |A test current of 25 A or 1,5 times the highest’'RATED current of the relevant circuit(s),
whichever is greater (= 10 %), from a currént source with a frequency of 50 Hz , 60 Hz dr d.c.
and with a no-load voltage not exceeding*6 V, is passed for 5 s to 10 s through:

— the PROTECTIVE EARTH TERMINAL OK'the protective earth contact in the APPLIANCE INLET or the
protective earth pin in the MAINS PLUG and each PROTECTIVELY EARTHED part

— each protectively earthed partor the MAINS PLUG of any DETACHABLE POWER SUPPLY CORD
supplied or specified by-the*"MANUFACTURER, when attached to the ME EQUIPMENT, gnd
any part of the ME EQUIPMENT that is PROTECTIVELY EARTHED.

Where a DETACHABLE ROWER SUPPLY CORD is neither supplied nor specified, test using a 3 m
long cord of approptiate cross sectional area based on IEC 60601-1:2005+AMD1:2012 dlause
8.11.3.3 and Table17.

2

~

The voltage drep between the earth terminal and the part to be earthed is measured, anfl the
resistance/between these two points is to be calculated.

3

~

The testinstrument leads impedance should be considered.

f) Presentation of the test results:

TABLE: lmpedance of PE connection

Test location Test current Duration Measured Resistance]
voltage
(N (V) (R)
A S \Y Q

R=U/I

The calculated resistance:

() did not exceed 100 mQ for PERMANENTLY INSTALLED ME EQUIPMENT, and for ME EQUIPMENT with an
APPLIANCE INLET;

() did not exceed 200 mQ for ME EQUIPMENT with @ non-DETACHABLE POWER SUPPLY CORD.
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13.3.3 Dielectric strength

Standard(s): Subclause(s): 13.3.3 Dielectric strength
IEC 60601-1:2005+AMD1:2012 8.8.3

a) Equipment needed for the test:
Dielectric strength a.c. and/or d.c tester (HiPot) as appropriate.

In order to ensure standardized control of test voltage in time, testers with program controlled
test voltage are recommended. Manual adjustment of the test voltage in certain circumstances
can be valuable.

I'ne test equipment should display the current measurement through the insulation.

Alternatively, where needed, current can be measured using an ammeter in seriesprovigling it
has sufficient protection against the HIGH VOLTAGE of the test. Adding series connécted

impedances can protect the ammeter from HIGH VOLTAGE. For older dielectric strength te
equipment, any means to measure ramp time (stop watch, watch or clock) canybe used.

—

Provide elements ensure spatial separation between test operator and BUT located togqther
with eventual auxiliary measuring devices in HIGH VOLTAGE area.

b) Safety precautions during the test:

The DUT, test equipment, test leads and any auxiliary equipment{and components should njot be
acgessible upon commencement of the HIGH VOLTAGE.

[®]

Provide adequate markings and warnings at the testing location. Give special consideration to
thg possibility someone might come into contact with the/HIGH VOLTAGE.

Defsign the test station so that accidental touching of\parts at HIGH VOLTAGE is not possible.

Tept operators should not be able to keep test probes in their hands during HIGH VOLTAGE
acfivation.

Puf precautions in place to prevent conductive“liquids from being near the test station.

Take steps (including training) to ensure that the test operator is not distracted during the tgst.
(Copnversations with others or telephone‘calls for example).

T

D

5t operator(s) are properly trainedy authorized and physically/mentally able to perform th¢ test.

c) T

1) |The configuration(s) of the DUT must allow all safety insulations to be tested according jo the
insulation diagram.

(1]

Bt sample preparation:

2) |Observe standard requirements that allow for short-circuiting of either circuit side of the
electrical testiqnode and the removal of specified components.

3) |When testing-across more than one safety insulation, give consideration to the effects
different impedances have on the safety insulation involved and over-voltage stressing qf
particutar safety insulation in the test circuit path. In such test situations, a separate tes{ of

each_safety insulation using the applicable dielectric strength test voltage might be necgssary.

4) [ Tightly cover ENCI OSURES or their parts made of non-conductive material with foil PlaceIfoil so
that it does not bridge the safety insulation under test but does test all applicable areas.

5) The surface of cables and lead wires connected to the DUT should be treated as parts of the
DUT ENCLOSURE.

6) The surface of mains power cords can be exempt from wrapping with foil and inclusion as an
electrical test node based on relevant analysis of the component.
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13.3.3 Dielectric strength (continued)

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
8.8.3

13.3.3 Dielectric strength

d)

Test conditions:

Connect test circuits (switches and relay contacts closed) and do not energize the DUT. If
necessary (to prevent battery powered DUT’s from being energized), use a solid piece of
insulation to block one pole of the battery.

Perform testing immediately after humidity preconditioning treatment, after any required
sterilization PROCEDURE, and after reaching the steady state operating from the excessive
temperature test.

DI-DouBLE / RI-REINFORCED)
(for IEC 60601-1:1988)

(Functional / one moor /
two moopr / one MOPP/
two mMoPP)

(for IEC 60601-1:2005)

e) Telst set-up and PROCEDURE:

1) |Prior to the test, discuss the equipment design, insulation diagram and appropriate test
strategy with the MANUFACTURER. Determine the dielectric strength voltage and,waveforn] to be
applied across each safety insulation and circuit arrangement including any cemponents to be
removed and any circuits to be short-circuited.

2) |Where appropriate, apply two MEANS OF PROTECTION according to IEC/TR(60513.

3) |Perform the testing across the single MEANS OF PROTECTION safety iftsulation prior to the fwo
MEANS OF PROTECTION safety insulation.

4) |Perform each dielectric strength test in the sequence by applying not more than half the|test
voltage, then ramping the voltage over a 10 s period, holding.for 1 min and ramping ovef a
10 s period to less than half the test voltage.

5) [Breakdown (current that rapidly increases in an uncontrolled manner) constitutes a failufe.
Corona discharge or a single momentary flashover is not regarded as insulation breakdqwn.

6) |Observing the linear relationship between a change in the dielectric strength test voltagg to
change in current through the safety insulation can provide useful information about the |safety
insulation.

f) Presentation of the test results:
There was/was no indication of dielectric breakdown.
TABLE: Dielectric strength
Insulation under test Insulation type: WORKING Test Remprks
(ared from insulation B /sl / VOLTAGE | voltage
diagram) (Bl-BASIC -SUPPLEMENTARY v v
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13.3.4 Ball pressure

IEC 60601-1:2005+AMD1:2012 8.8.4.1

Standard(s): Subclause(s): 13.3.4 Ball pressure

a) Equipment needed for the test:

1)
2)
3)
4)
5)

Ball pressure apparatus (Figure F.4)

Heating cabinet with temperature measuring device

Calliper with magnifying feature or additional magnifying equipment
Watch/clock

. F . o »

b)

Sakety precautions during the test:

No| special safety precaution required.

Tept sample preparation:

Spgcial preparation of the insulating material might be necessary in order to-be able to perfprm
thg test.

Th

b thickness of the material to be tested should be at least 2,5 mm_(radius of the ball).

d)

Tept conditions:

Th
of

b temperature in the heating cabinet should be brought up tera temperature related to th¢
he insulating material. For example:

75 + 2 °C or maximum ambient operating temperaturesspecified in the technical
description £ 2 °C plus the temperature rise that was determined during the test for norm

(for parts of the ENCLOSURE and other external,insulating parts); or

125 °C £ 2 °C or maximum ambient operating temperature specified in the technical
description £ 2 °C plus the temperaturefise that was determined during the test for norm

(for parts of insulating material which' support uninsulated parts of the MAINS PART).

heating (test 13.4.17) of the relevant part of the.ihsulating material, whichever is the higher

heating (test 13.4.17) of the relevant\part of the insulating material, whichever is the higher

use

al

al

Te
1)

2
3
4

~ ~—~ ~

bt set-up and PROCEDURE:

The heating cabinet is breught up to the pre-determined temperature. The cabinet
temperature should be uniform and maintained for 1 h.

The insulating material*to be tested is placed in the cabinet on a solid horizontal suppor{.
The ball pressuré apparatus is placed upon the insulating material to be tested.

The ball is withdrawn after 1 h and the diameter of the impression made by the ball is
measured<with a slide calliper.

f)

Pr

bsentation of the test results:

Pa

't name Material Thickness Temperature Temperature Diamf

normal
heating

mm rise during during test impréssion

ter of
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13.3.5 Resistance to environmental stress

Standard(s): Subclause(s): 13.3.5 Resistance to
IEC 60601-1:2005 8.8.4.2 environmental stress

a) Equipment needed for the test:

1) An oxygen cylinder with a capacity at least 10 times the volume of the test samples. The

cylinder has the means to suspend the test sample and to be filled with oxygen and hold
pressure of 2,1 MPa = 70k Pa.

2) Commercial oxygen that is not less than 97 % pure.

3) Clock or watch to measure time.

4) |A means to heat the test sample to 70 °C % 2 °C.

b) Safety precautions during the test:

Usg normal laboratory safety PROCEDURES during this test.

Cdreful consideration to the handling of concentrated oxygen under pressure incldding the

flammability of such mixture.

c) Tept sample preparation:

Digassemble the DUT so that ceramic materials, beads and insulating material of heating

cohductors may be inspected.

Acfuire parts that are used for safety insulation and are made_of natural latex rubber for th¢ test.

Supgpend these parts within the oxygen cylinder.

d) Tept conditions:

Pripr to inspection of safety insulation parts, considér'the MANUFACTURER’S recommendationjs for

thg environment and EXPECTED SERVICE LIFE including the wear of parts within the DUT that ¢ould

reqult in the disposition of dust or conductive particles that could impact CREEPAGE DISTANCHS or

AIR CLEARANCES.

Fof insulation parts made of natural latex4ubber provide an environment of oxygen at

2,1 MPa £ 70 kPa at a temperature of 70 °C + 2 °C for 96 h.

e) Tept set-up and PROCEDURE:

1) |Ceramic material not tightly sintered, and the like, and beads alone are checked by
inspection, that they are not used as SUPPLEMENTARY Or REINFORCED INSULATION.

2) |Insulating material in_Which heating conductors are embedded is also checked by inspegtion,
that it is not used @s,two MEANS OF PROTECTION.

3) |The CREEPAGE,DISTANCES and AIR CLEARANCES of any MEANS OF PROTECTION are not to be
reduced beléw: the values specified in Subclause 8.9 of IEC 60601-1:2005 caused by
environmental stresses including impairment by deposition of dirt or dust resulting from wear
of parts,

4) |Parts of natural latex rubber are aged in an atmosphere of oxygen under pressure. The
samples are suspended freely in an oxygen cylinder, the effective capacity of the cylindgr is at
:Cact 10 t;IIIUO thc VU:UIIIC Uf thc DGIIIP:CO. Thc by“lldcl ;0 fl”cd vv;th bUIIIIIICIb;d: UAyHCII ot
less than 97 % pure, to a pressure of 2,1 MPa + 70 kPa.

5) 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. Cracks visible to the naked eye constitute a failure.

f) Presentation of the test results:

Ceramic material not tightly sintered, and the like, and beads alone are not/are used as
SUPPLEMENTARY Or REINFORCED INSULATION.

Insulating material in which heating conductors are embedded is/is not used as TWO MEANS OF
PROTECTION.

Cracks visible to the naked eye were/were not found upon inspection of natural latex rubber

aft

er exposure to oxygen at pressure and temperature as specified herein.
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13.3.6 Thermal cycling

Standard(s): Subclause(s): 13.3.6 Thermal cycling
IEC 60601-1:2005 8.9.3.4

a) Equipment needed for the test:
1) Environmental chamber

2) Dielectric strength tester

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Te

This test is to be applied only to ME EQUIPMENT containing insulating compound forming soIiJ!
indulation between conductive parts and insulating compound forming a cemented joint'with other
ingulating parts.

Inslulating compound Description Location

One representative test sample.

Dol not energize the DUT during this test.

d) Tept conditions:

1) |For situations where insulating compound forms solid insulation between conductive pars, a
single finished sample is tested. The sample is subjected to the thermal cycling PROCEDURE,
followed by humidity preconditioning according.toySubclause 5.7 of IEC 60601-1:2005 fdr 48 h
only and then followed by a dielectric strength test except that the test voltage is multiplled by
1,6.

For situations where insulating compound forms a cemented joint with other insulating pprts,
the reliability of the joint is checked by“testing three samples. If a winding of solvent-baged
enamelled wire is used, it is replaced for the test by a metal foil or by a few turns of barg wire,
placed close to the cemented joint’ The three samples are then tested as follows.

2

~

— One of the samples is subjected to the thermal cycling PROCEDURE. Immediately after|the
last period at highest temperature during thermal cycling it is subjected to a dielectrid
strength test exceptthat the test voltage is multiplied by 1,6.

— The other two samples are subjected to the thermal cycling PROCEDURE and after the |last
cycle, are subjeeted to humidity preconditioning according to Subclause 5.7 of IEC 60601-
1:2005 foré8+h only, followed by a dielectric strength test except that the test voltage is
multipliediby 1,6.
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13.3.6 Thermal cycling (continued)

Standard(s): Subclause(s):
IEC 60601-1:2005 8.9.3.4

13.3.6 Thermal cycling

e) Test set-up and PROCEDURE:

f)

The sample is subjected 10 times to the following sequence of temperature cycles:

68 h at T4£2°C;

1h at 25°C +2°C;

2h at 0°C%2°C;
not less than 1h at 25°C + 2 °C,

whi

Ho
thg

Th
thg

Pr

Th
thg
fai

Th

ere T4 is the higher of:
10 °C above the maximum temperature of the relevant part, or
85 °C.

wever, the 10 °C margin is not added if the temperature is measured by anfembedded
rmocouple.

e period of time taken for the transition from one temperature to anotheris not specified,
transition is permitted to be gradual.

bsentation of the test results:

b tests are followed by inspection, including sectioning, and_measurement. Cracks or voi
insulating compound such as would affect the homogeneity’of the material constitute a
ure.

ere were no/were cracks or voids found in the insulating compound.

but

s in
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES

Standard(s): Subclause(s): 13.3.7 CREEPAGE DISTANCES and
IEC 60601-1:2005+AMD1:2012 8.9.4 AR CLEARANCES
a) Equipment needed for the test:

1) Standard gauges

2) Callipers with magnifying feature or additional magnifying equipment
3) Standard test finger (Figure F.1)

4) Test hook (Figure F.2)

b)

Safety precautionsduringthetest:

Usg normal laboratory safety PROCEDURES during this test.

c)

Tept sample preparation:

Do| not energize the DUT during this test.

d)

TeIt conditions:

When determining AIR CLEARANCE or CREEPAGE DISTANCE to ACCESSIBLE PARTS, the accessiblg
sufface of an insulating ENCLOSURE is considered to be conductive as if'it was covered by metal
foil wherever it can be touched with a standard test finger.

Anly corner with included angle less than 80° is assumed to be¢bridged with an insulating link of
1 mm moved into the least favourable position (see Figure 6).

Where the distance across the top of a groove is 1 mm af more, N0 CREEPAGE DISTANCE exisfts
across the air space (see Figure 5).

CREEPAGE DISTANCES and AIR CLEARANCES between:parts moving relative to each other are
mdasured with the parts in their least favourable-positions.

Computed CREEPAGE DISTANCE is never less than measured AIR CLEARANCE.
Any air gap less than 1 mm wide is ignared“when computing the total AIR CLEARANCE.

Coptings of varnish, enamel or oxide_ are ignored. Coverings of any insulating material, however,
arg considered as insulation, if the ‘covering is equivalent to a sheet of insulating material of
eqpal thickness with respect to ifs-electrical, thermal and mechanical properties.

=

If GREEPAGE DISTANCES Or AIR'CLEARANCES for one or two MEANS OF PROTECTION are interrupted by
ong or more floating conductive parts, the minimum value specified in IEC 60601-1:2005 applies
to the sum of the sections; except that distances less than 1 mm are not taken into considefation.

The minimum spacjng-(X) for grooves transverse to the CREEPAGE DISTANCE in Figure 4 to Figure
6 gnd Figure 8 to,Figure 12 (inclusive) that are considered a MEANS OF OPERATOR PROTECTION may
beladjusted based on pollution degree if the minimum AIR CLEARANCE is 3 mm or more.
The minimumywidth of the groove is:

— 10,25-mm for pollution degree 1;

— |10/mm for pollution degree 2;

1 5 mm faor nalliitinn daarag 2
o HH o poHatoR—Gegree—o-

If the specified minimum AIR CLEARANCE is less than 3 mm, the minimum spacing (X) for grooves
transverse to the CREEPAGE DISTANCE is the lesser of:

— the relevant value specified in the previous paragraph, or
— one third of the specified minimum AIR CLEARANCE.
The minimum spacing (X) for a groove transverse to a CREEPAGE DISTANCE that is considered a

MEANS OF PATIENT PROTECTION is 1 mm for pollution degree 1 and pollution degree 2, and 1,5 mm
for pollution degree 3.
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES (continued)

Standard(s): Subclause(s): 13.3.7 CREEPAGE DISTANCES and

IEC 60601-1:2005+AMD1:2012 8.9.4 AIR CLEARANCES

In the case of a barrier placed on the surface of insulation or held in a recess, the CREEPAGE
DISTANCES are measured over the barrier only if the latter is so affixed that dust and moisture cannot
penetrate into the joint or recess.

For a DUT provided with an APPLIANCE INLET, the measurements are made with an appropriate
connector inserted. For other DUTs incorporating POWER SUPPLY CORDS, they are made with supply
conductors of the largest cross-sectional area specified by the MANUFACTURER and also without
conductors.

MovaHle paris are placed in the Teast Tavourable position; nuts and screws with non-circular hejpds
are tightened in the least favourable position.

Creeppge distances and air clearances through slots or openings in external parts are measurgd to
the stgndard test finger. If necessary, a force is applied to any point on bare conductdss-and to|the
outsidg of metal enclosures in an endeavour to reduce the creepage distances and air clearanges
while faking the measurements.

The force applied by means of a standard test finger has a value of:
2N for bare conductors;

30 N [for enclosures.

Creeppge distance and air clearances are measured after use of thetést hook, if relevant.

e) Tept set-up and PROCEDURE:

Compliance is checked by measurement taking into account the rules in Figure 3 to Figure [I1
(inglusive). In each figure, the dashed line (—— —) represents AIR CLEARANCE and the shadegd bar

=) represents CREEPAGE DISTANCE.

Condition: Path under considerption is §
flat surface.

IEC

Rule: CREEPAGE DISTANCE|and AIR
CLEARANCE are meagured
directly across the sprface.

Figure 3 — GREEPAGE DISTANCE and AIR CLEARANCE — Example 1
(IEC\60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 22)

Condition: Path under considerption
includes a parallel-
converging-sided grpove of
any depth with a width less
than X mm.

=

<X'mm

IEC Rule: CREEPAGE DISTANCE|and AIR
CLEARANCE are measgured
directly across the groove ag
shown.

Figure 4 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 2
(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 23)
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES (continued)

Standard(s) Subclause(s): 13.3.7 CREEPAGE DISTANCES and AIR
IEC 60601-1:2005+AMD1:2012 8.9.4 CLEARANCES
>X mm Condition: Path under consideration

includes a parallel-sided
groove of any depth and equal
to or more than X mm.

Rule: AIR CLEARANCE is the “line of
IEC sight” distance. CREEPAGE
DISTANCE path follows the
contour of the groove.

Figure 5 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 3
(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 24)

Condition: Path undenconsidera
includes@-Y-shaped
>X mm groove with a width
greater/than
X.mm and an internal
angle of less than 80

on

o

Rule: AIR CLEARANCE is the [‘line
of sight” distance.
CREEPAGE DISTANCE fath
follows the contour of|the
groove but “short-circpits”
the bottom of the grogve
by a X mm link.

Figure 6 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 4
(IEC 60601-1:2005+IEC 60601-122005/AMD1:2012, Figure 25)

Condition: Path under consideration
includes a rib.

Rule: AIR CLEARANCE is the
:,‘,*,: shortest direct air patp
_____________________________________ Lo SN e over the top of the ribj
SR
PR LIII IOt bt CREEPAGE DISTANCE fath
ettt bt el follows the contour of|the

Seireteiste et
(SRS

IEC rib.

Figure 7(—\CREEPAGE DISTANCE and AIR CLEARANCE — Example 5
(#EC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 26)

<Xhmi <X mm Condition:  Path under considerafion
— rf includes an uncemenfed
joint with grooves les

than X mm wide on each
side.

Rute: CREEPASE-BDISFANGE-dN
AIR CLEARANCE path are
the “line of sight” distance

shown.

IEC

Figure 8 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 6
(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 27)
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES (continued)

Standard(s): Subclause(s):
IEC 60601-1:2005+AMD1:2012 8.9.4

13.3.7

CREEPAGE DISTANCES and AIR

CLEARANCES

>X mm >X mm

Condition:

Rule:

Path under consideration
includes an uncemented
joint with grooves equal to
or more that X mm wide on
each side.

AIR CLEARANCE is the “line
of sight” distance.
CREEPAGE DISTANCE path
follows the contour of the

IEC

>X mm <X'mm

| T

IEC

Figure 9 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 7
(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012)

Condition:

Rule:

Figure 10 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 8
(IEC 60601-1:2005+IEC ©0601-1:2005/AMD1:2012, Figure 29)

groove.

Path*under considerat|on
inCludes an uncementéd
joint with a groove on pne
side less than 1 mm wjde
and the groove on the|other
side equal to or more than X
mm wide.

AIR CLEARANCE and
CREEPAGE DISTANCE arg as
shown.
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES (continued)

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
8.9.4

13.3.7 CREEPAGE DISTANCES and
AIR CLEARANCES

Condition: Gap between head of screw

>X mm )
o . and wall of recess wide
enough to be taken into
account.
Rule: The AIR CLEARANCE is the

shortest distance to any
point on the head of the

screw. CREEPAGE DISTANCE
path follows the surface.

IEC

Figure 11 — CREEPAGE DISTANCE and AIR GLEARANCE — Example 9
(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 30)

|

IEC

Condition: Gap between head of]

Rule: Measurement of

screw and wall of recgss
wide enough to be taken
into account.

CREEPAGE DISTANCE i
from screw to wall at pny
point where the distafce
is equal to X mm. Thd
AIR CLEARANCE is the
shortest distance to any
point on the head of the
screw

(IEC 60601-1:2005, Figure 30)

Figure 12 — CREEPAGE DISTANCE and AIR CLEARANCE — Example 10

(IEC 60601-1:2005+IEC 60601-1:2005/AMD1:2012, Figure 31)
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13.3.7 CREEPAGE DISTANCES and AIR CLEARANCES (continued)

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
8.9.4

13.3.7 CREEPAGE DISTANCES and
AIR CLEARANCES

f) Presentation of the test results:

The results of the measurements are specified in the table.

TABLE: CREEPAGE DISTANCE and AIR CLEARANCE

Insulation under test
(area from insulation
diagram)

Insulation type:

(Bl-BASIC /| SI-SUPPLEMENTARY /
DI-DouBLE / RI-REINFORCED)

CREEPAGE AIR Remarks
DISTANCE |CLEARANCE
mm mm

(for IEC 60601-1:1988)

(Functional / one moor /
two mooP / one MOPP/
two mMoPP)

(for IEC 60601-1:2005)
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13.3.8 Strain relief (cord anchorage)

Standard(s): Subclause(s): 13.3.8 Strain relief
IEC 60601-1:2005 8.11.3.5 (cord anchorage)

a) Equipment needed for the test:
1) Spring balance, 30 N - 100 N
2) Device that allows the pull force to be applied on the cord sheath
3) Torque meter, 0,1 Nm — 0,35 Nm

4) Device that allows the torque to be applied on the cord

o 1 ! O R 4 1o H n il il B
LLdIT dltu WCITyIlTt TUT UTITTITTITTatiurm UT Uic Thhass UT T UU'1

)
6) |Callipers
)

Radius gauges

b) Safety precautions during the test:

No| special safety precaution required.

c) Tept sample preparation:

The sample should be securely mounted. The power supply conductors are, if possible,
digconnected from the terminals or from the MAINS CONNECTOR. Inifial-positions of the conduftor
enfls were marked. A mark is made on the cord sheath at a distance of 20 mm from the corg
anghorage.

d) Tept conditions:

Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

The cord was subjected 25 times to a pull indicated in Table 6. The pull was applied withou
jerks, each time for 1 s. The longitudinal displacement of the mark on the cord sheath was
mdasured while the cord was subjected, to;the last pull. Immediately afterwards, the cord was
subjected for 1 min to a torque value indicated in the table. After the test a movement of
conductor ends was measured and recorded.

Table 6= Testing of cord anchorages
(IEC 60601-1:2005, Table 18)

Mass (m) of ME EQUIPMENT Pull Torque
kg N Nm
m<1 30 0,1
1<m<4 60 0,25
m>4 100 0,35
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13.3.8 Strain relief (cord anchorage) (continued)

Standard(s): Subclause(s): 13.3.8 Strain relief (cord

IEC 60601-1:2005 8.11.3.5 anchorage)

f) Presentation of the test results:

The cord did/did not slip in its anchorage.

The cord sheath was/was not displaced by more than 2 mm.

aff

The PROTECTIVE EARTH CONDUCTOR was/was not subjected to strain as long as the phasge
copductors were in contact with their terminals.

CREEPAGE DISTANCES and AIR CLEARANCES were/were not reduced below the values ‘specifie
The cord anchorage was/was not made of insulating material; or

The cord anchorage was/was not made of metal but insulated from non-PROTECTIVELY EART,
ACCESSIBLE PARTS by at least one MEANS OF PROTECTION; or

The cord anchorage was/was not made of metal provided with an ipsulating lining, which ig
Supclause 8.11.3.6 of IEC 60601-1:2005 and the lining or bushing\forms ONE MEANS OF
PRPTECTION.

The cord anchorage does/does not clamp the cord via a-screw that bears directly on the ¢
ingulation.

Sclews, if any, that are used when replacing the POWER suPPLY CORD do/do not serve to fix
component other than parts of the cord anchorage:

xed to the cord anchorage or a flexible bushing that forms parfofthe cord guard specifie

It was/was not possible to push the cord back into the unit to such an extent that the cord or its
conductors, or both, could be damaged or internal parts of the unit could be displaced.

The conductor ends did/did not move more than 1 mm from their normally connected position.

(= x

HED

din

any

TABLE: Cord anchorages

Cord under test Mass of Pull Torque Remarks
ME EQUIPMENT N Nm

kg
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13.3.9 Cord guard flexing (Cord bending)

Standard(s): Subclause(s): 13.3.9 Cord guard flexing (Cord
IEC 60601-1:2005 8.11.3.6 bending)
a) Equipment needed for the test:
1) Calliper
2) Weights
3) Cylinder of 1,5 x diameter of cord
b) Safety precautions during the test:
NOI specidl sdfely precaution required.
c) TeLt sample preparation:
The sample should be securely mounted.
d) Tept conditions:
Fldt cords are bent in a direction perpendicular to the plane containing the @xis of the
cofes.
e) Tept set-up and PROCEDURE:
The unit is placed so that the axis of the cord guard, where the cérd.leaves it, is projected gt an
angle of 45° when the cord is free from stress. A mass in grams, equal to 10 times the squgre of
thg overall diameter (mm) of the cord, or for flat cords, the minor radius of the cord, is attaghed to
thg free end of the cord. Flat cords are bent in the plane ofeast resistance. Immediately affer
attpching the mass, the radius of curvature of the cord is‘\measured.
f) Presentation of the test results:
Cord diameter (D): mm.
Weight attached:

R4
Th

dius of curvature:

b radius of the curvature of the cord was/was not less than 1,5 x D.



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014 - 59 -

13.3.10 Access to hazardous moving parts

IEC 60601-1:2005+AMD1:2012 9.2.1

Standard(s): Subclause(s): 13.3.10 Access to hazardous

moving parts

a) Equipment needed for the test:

1)
2)
3)
4)

5) I‘V’thb: II’\;:U\;:’\

Standard test finger (Figure F.1)
Unjointed test finger

Force gauge

Test hook

b)

Sakety precautions during the test:

Us|

e normal laboratory safety PROCEDURES during this test.

c)

Tept sample preparation:

A 9

ample, with all OPERATOR ACCESS COVERS removed.

d) Teqt conditions:

Th

Do| not energize the DUT during this test.

s test applies to ME EQUIPMENT that contains hazardous moving parts.

Te
1)

2

~

Th

pt set-up and PROCEDURE:

The test hook is inserted in each opening that might provide access to hazardous movin

perpendicular to the surface in which the relevantopening is present.

The test finger is applied without appreciableforce to all apertures in an attempt to cont
come into the path of hazardous moving pafts. The test finger is applied in every possib
position to the aperture's openings. Openings preventing the entry of the test finger are
further tested by means of a straight unjointed version of the test finger, which is appliec
a force of 30 N. If entry of the unjointed version is possible, the test with the articulated
finger is repeated with the finger being pushed through the aperture, if necessary.

b following apertures were evaluated:

J

parts and is subsequently pulled with a force of 20 N'for 10 s and in a direction substantjally

Act or
e

with
est

Opening location Hazardous moving part Remarks
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13.3.10 Access to hazardous moving parts (continued)

Standard(s):

Subclause(s):

IEC 60601-1:2005+AMD1:2012 9.2.1

13.3.10 Access to hazardous
moving parts

f) Presentation of the test results:

It was/was not possible to touch or come into the path of hazardous moving parts in OPERATOR
access areas with the test finger.

It was/was not unlikely that SERVICE PERSONNEL could unintentionally contact or come into the
path of hazardous moving parts during servicing operations involving other parts of the

ME EQUIPMENT.

It wastwas ot possibtetotouctrorcomemto-thepathrof thefottowmgtazardous movimgparts

w

th the standard test finger:

TABLE: Touchable hazardous moving parts

Location

Remarks
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13.3.11 Gaps
Standard(s): Subclause(s): 13.3.11 Gaps
IEC 60601-1:2005 9.2.2.2

a) Equipment required by the test:
1) Callipers
2) Steel rule, steel tape or other distance measuring device

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

A test sample with all ACCESSORIES, APPLIED PARTS and guards.

d) Tes{ conditions:

The DUT is energized only to provide the minimum gap distance(s) then disconnected from ppwer
durimg gap measurement.

e) Tesf set-up and PROCEDURE:

Inspect for TRAPPING ZONES according to Table 7 considering various parts ‘'of the human body
relaffive to the DUT and its associated parts.

f) Prejentation of the test results:

It was/was not possible to touch hazardous moving parts withif_the TRAPPING ZONES.

TABLE: Gaps

Location Remarks
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13.3.11 Gaps (continued)

Standard(s): Subclause(s): 13.3.11 Gaps
IEC 60601-1:2005 9.2.2.2

Table 7 — Acceptable gaps
(IEC 60601-1:2005, Table 20)

Part of body Adult Children Illustration
gap ? gap ?
mm mm
T
/
Body >500 >500 §
s
©
Head >300 or <120 >300 or <60
IEC
I
Leg >180 >180 ‘E,
‘ IEC
Foot >120 or <35 >120 or <25 m]:__‘lg_
IEC
50 max.
Toes =50 >50 % ! I
© IEC
a
Arm >120 >120 ?}
IEC
a
Hand, wrist, fist >100 >100 /ﬁ
IEC
a
Finger >250r<8 >250r<4 %
IEC
@ The values in this table are taken from ISO 13852:1996.
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13.3.12 Instability (in transport position; excluding transport;
from horizontal and vertical forces and from unwanted lateral movement)

IEC 60601-1:2005+AMD1:2012 9.4.2.1,9.4.2.2,9.4.2.3,

Standard(s): Subclause(s): 13.3.12 Instability (in transport

from horizontal and vert
forces and from unwanted
movement)

9.4.3.1,9.4.3.2

position; excluding transport;

ical
lateral

a) Equipment needed for the test:

1)
2)
3)
4)
5
6)

~

7

~

Planes inclined 5° and 10° from the horizontal (larger than the base of the DUT)

250 N strain gauge

800 N weights
Scale (for weighing the DUT)

Inclinometer or steel rules

vinyl flooring material)

Steel ruler, steel tape or equivalent means to measure distances

Test floor surface that is hard and flat (i.e. concrete floor covered with 2 mm.to 4 mm thick

b)

SaLety precautions during the test:
Us|

normal laboratory safety PROCEDURES during this test. Use appropriate precautions and
negessary test personnel considering the DUT overbalancing while moving.

Tept sample preparation:

Prior to conducting the test, prepare the DUT in accordance with the ACCOMPANYING DOCUMENTS
for|transport condition. Always use worst-case loading and locating of drawers, doors, shel

etg. within the MANUFACTURE’S specifications. The following should also be considered:

The DUT is provided with all specified conneg¢tion leads: the POWER SUPPLY CORD and an
interconnecting cords. It is provided with the least favourable combination of possible
detachable parts, ACCESSORIES and loadias specified in NORMAL USE.

CORD.

the DUT in the position mest unfavourable for stability.

their most disadvantageous position.

DOCUMENTS~

A DUT.having containers for liquids is tested with these containers completely or partly
or empty, whichever is least favourable.

DUT,carrying a PATIENT is loaded with maximum PATIENT weight, unloaded or loaded with

waiaht in hatwaggn whatgvar ic cangidargd thg warest cacg
W-eHgRH—b-8tW R-—ARate e RSHG88 a8 WOorst+Ga -

A DUT having an APPLIANCE INLET is~provided with the specified DETACHABLE POWER SUPPIY

Doors, drawersshelves and the like are placed in the most disadvantageous position afnd
fully loaded onwunloaded, whichever represents “worst case” as specified in the ACCOMPANYING

es,

The connection leads are laigddown on the inclined plane or positioned on holders attached to

If castors/wheels are present, they are temporarily immobilized, if necessary by blocking, in

illed

d)

Test conditions:

Do not energize the DUT during this test. ME EQUIPMENT with APPLIED PARTS and ACCESSORIES and
drawers, doors and shelves fully loaded as specified in the ACCOMPANYING DOCUMENTS.
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13.3.12 Instability (in transport position; excluding transport; from horizontal
and vertical forces and from unwanted lateral movement) (continued)

IEC 60601-1:2005+AMD1:2012 9.4.2.1,9.4.2.2,9.4.2.3,

Standard(s): Subclause(s): 13.3.12 Instability (in transport
position; excluding transport;
from horizontal and vertical
forces and from unwanted lateral
movement)

9.4.3.1,9.4.3.2

e) Test set-up and PROCEDURE:

1)

2)

3)

4)

Tilt test:

The DUT is tilted 10° (on the plane inclined) from its intended upright position unless a

\Alarnlhn notice-is nrnennl‘ I g \Alorhunn notice-is r\rncnnf the DUT is tilted 5° /nn the-plane
g g

|ncI|ned) from its |ntended upright posmon
NOTE For 10° tilt: (Distance lifted) = (Width of base) x (0,1736) = 10°
For 5° tilt: (Distance lifted) = (Width of base) x (0,0875) =

This test applies to PORTABLE/TRANSPORTABLE ME EQUIPMENT that is intended to“be placed|on a
surface such as a floor or table.

Transport includes moving the DUT from room to room.
Force test:

The test applies to DUTs having a mass of greater than or equal’to 25 kg other than FIxgD
DUTs intended to be used on the floor.

The DUT and its parts are placed on a horizontal plane'and a force equal to 15 % of its
weight, but not more than 150 N, is applied in any direction, except directions with an ugward
component. Unless otherwise marked, the force is_applied at any point of the DUT but npt
exceeding 1,5 m from the floor. The DUT is prevented from sliding on the floor by use ofl a
horizontal obstruction that is fastened to the floor and does not exceed 20 mm height. If|the

application of the test force results in laterakmbovement of the DUT, increase the height pf the
obstruction to the minimum extent necessary to prevent lateral movement.

() All jacks were put in place (if usedinder NORMAL CONDITIONS).

() All doors and drawers, etc., which. may be moved for servicing by the OPERATOR or by
SERVICE PERSONNEL were placed in their most unfavourable position consistent with the
installation instructions.

The ME EQUIPMENT is prevented from sliding on the floor by a horizontal obstruction, not
exceeding 20 mm height,'which is fastened flat on the floor. If the application of the test|force
results in lateral movément of the ME EQUIPMENT, increase the height of the obstruction tp the
minimum extent ngeessary to prevent lateral movement.

Downward force test:

The floor-standing DUT is subjected to a downward force of 800 N. The force is applied jt the
point of maximum moment to any horizontal surface of at least 20 cm by at least 20 cm &nd

that offers’an obvious foothold or sitting surface, at a height up to 1 m from the floor. All
doors, drawers, etc. are closed during this test. The downward force is applied with the

complete flat surface of the test TooL in contact with the DUT; the test TooL is not required to
hevin full contact with uneven surfaces e g r‘nrrllgnfnr‘l ar curved surfaces

Test for tilt caused by unwanted lateral movement:

The MOBILE ME EQUIPMENT is placed in its transport position (or in the worst-case NORMAL USE
position) with the SAFE WORKING LOAD in place and the locking device (e.g. brakes) activated,
on a hard flat surface inclined at 10° or 5° from the horizontal plane. If castors are
incorporated, they are positioned in their worst-case position.

The ME EQUIPMENT (TRANSPORTABLE Or STATIONARY ME EQUIPMENT that is intended to be used on
the floor) is placed on a horizontal plane with the SAFE WORKING LOAD in place and the locking
device (e.g. brakes) activated. If castors are incorporated, they are positioned in their worst-
case position. A force equal to 15 % of the weight of the DUT, but not more than 150 N, is
applied in any direction, except a direction having an upward component, at the highest point
of the ME EQUIPMENT but not exceeding 1,5 m from the floor.
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13.3.12 Instability (in transport position; excluding transport; from horizontal

and vertical forces and from unwanted lateral movement) (continued)

IEC 60601-1:2005+AMD1:2012

Standard(s):

Subclause(s):

9.4.2.1,9.4.2.2,9.4.2.3,

9.4.3.1,9.4.3.2

13.3.12 Instability (in transport
position; excluding transport;
from horizontal and vertical
forces and from unwanted lateral

movement)

f) Presentation of the test results:

1)

Tilt test:

The tilt test was conducted at 5° or 10°.

Position of cables:

Hosition on the incline Describe worst-case loading Observation/Results
The DUT did/did not overbalance.
The DUT did/did not move unexpectedly to a degree that could present an unacceptable Risk
to the PATIENT, OPERATOR or other person.
2) |Force test:
Weight of DUT: __ kg
Total force applied: ___~ N
Force applied to:
Force also applied to:
Height from Direction of
Fofrce applied Location applied floor force Results

symbol used;

The DUT;~any ACCESSORY, or any parts did/did not overbalance.

Applicable surfaces arel/are not marked with a clearly legible warning of the RISK; __ |
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13.3.12 Instability (in transport position; excluding transport; from horizontal
and vertical forces and from unwanted lateral movement) (continued)

Standard(s): Subclause(s): 13.3.12 Instability (in
. . transport position; excluding
IEC 60601-1:2005+AMD1:2012 9.4.29.14, 312924, 2.3.2.3, transport; from horizontal

and vertical forces and from
unwanted lateral movement)

3) Downward force test:

Force applied to:

Force also applied to:

fForce applied Location applied Height from floor Results

A legible warning of the RiIsk of stepping or sitting is/is not provided on the DUT; |
symbol used.

The DUT, any ACCESSORY, or any parts did/did not overbalance.
4

~

Test for tilt caused by unwanted lateral movement

Brakes are/are not normally activated and can only be deactivated by the continuous
actuation of a control.

The DUT islis not fitted with locking deviceslintended to prevent any unwanted lateral
movement of the DUT or its parts in the transport position.

Following the initial elastic movementginitial creepage and initial pivoting of castors, any
lateral movement of the MOBILE ME EQUIPMENT greater than 50 mm (in relation to the incliped
plane) did/did not occur.
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13.3.13 Castors and wheels (Force for propulsion, movement over a threshold)

IEC 60601-1:2005+AMD1:2012 9.4.2.4.2,9.4.2.43

Standard(s): Subclause(s): 13.3.13 Castors and wheels

(Force for propulsion,

movement over a threshold)

1)

a) Equipment needed for the test:

Hard flat horizontal floor (vinyl covered concrete)

2) Force gauge with a range exceeding 200 N
3) Stop watch, watch or clock
4) Steel ruler or steel tape or equivalent means to measure distance
5) |In place of 3) and 4) above, a means to measure the rate of linear movement
6) |Threshold 10 mm £ 0,5 mm high and 80 mm wide with a radius of 2 mm + 0,1 mm @{ the|top
edges
7) |Scale (for weighing the DUT)
b) SaLety precautions during the test:
Use normal laboratory safety PROCEDURES during this test. Use appropriate.precautions and
nefessary test personnel considering the DUT overbalancing while mowing.
c) Tt’Tt sample preparation:
Onle representative sample of MOBILE ME EQUIPMENT in transport‘position with any SAFE WORHKING
LOAD in place as indicated in the ACCOMPANYING DOCUMENTS#
d) Tept conditions:
Mg EQUIPMENT, APPLIED PARTS and ACCESSORIES and means to fully load any drawers, doors,
shelves as specified in the ACCOMPANYING DOCUMENTS.
This test applies to a DUT where the specification does not state that more than one person is
negded.
e) Tept set-up and PROCEDURE:
1) |Force for propulsion:
Place the DUT on a hard flat horizontal floor (e.g. concrete floor covered with 2 mm to 4|mm
thick vinyl flooring material):
Force is applied at a height of 1 m above the floor or at the highest point on the DUT if ifs
height is less than 1.m:
The force needed 'to’propel the DUT at a speed of 0,8 m/s + 0,1 m/s is measured.
2) |Movement aver a threshold:
The DUT~MOBILE ME EQUIPMENT exceeding 45 kg) is moved as in NORMAL USE 10 times in
forward\direction over (up and down) a solid vertical plane obstruction with a rectangula
cross-section, 10 mm = 0,5 mm high and 80 mm wide with a radius of 2 mm + 0,1 mm afj the
topredges that is affixed flat on the floor. All wheels and castors are to impact the obstryction
afa speed 0f 0 8 m/s + 0 1 m/s for manual MoRUE ME EQUIPMENT _or for motor driven MORILE ME

EQUIPMENT, the maximum speed capable of being maintained. Manual MOBILE ME
EQUIPMENT is propelled by force acting at its handle.
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13.3.13 Castors and wheels (Force for propulsion, movement over a threshold)

(continued)

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
9.4.2.4.2,9.4.2.4.3

13.3.13 Castors and wheels
(Force for propulsion,
movement over a threshold)

f) Presentation of the test results:

1) Force for propulsion:

Total force applied: ___ N
Force applied to:
[The Torce required to move the DUT does not/does exceed 200 N or the ACCOMPANYING]

2) |Movement over a threshold:

CLEARANCES.

DOCUMENTS specify that the DUT is to be moved by more than one person;

The DUT was/was not able to pass over the 10 mm high threshold.
The DUT did/did not overbalance when passing over the 10 mm high thréshold.

After the test, there was/was no observable reduction of CREEPAGE DISTANCES or AIR

After the test, there was/was no observable access to hazardous_électrical parts.

After the test, there was/was no observable access to moving'parts.
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13.3.14 Handle loading

IEC 60601-1:2005+AMD1:2012 9.4.4

Standard(s): Subclause(s): 13.3.14 Handle loading

1)
2)
3)
4)

a) Equipment needed for the test:

Calliper
Weights or tension gauge
Scale (for weighing the DUT)

Means to uniformly distribute the weight over a 7 cm length at the centre of the handle

b)

Safety precautionsduringthetest:

Us|

e normal laboratory safety PROCEDURES during this test.

c)

)
EN

Tt’Tt sample preparation:

e representative sample with fully loaded options/ACCESSORIES, consisting of the complefe

CLOSURE in its normal position.

d)

Tept conditions:

()
(

~

()

Do

The ME EQUIPMENT is furnished with only one handle.

The ME EQUIPMENT is furnished with more than one handle butso,designed that is might
carried by only one handle.

The force is distributed between the handles. The distribution of force was determined b
calculation of the percentage of the ME EQUIPMENT mass,sustained by each handle.

not energize the DUT during this test.

e)

Tept set-up and PROCEDURE:

1)

2)

3

~

The handles and their means of attachmentare subjected to a force equal to four times
weight of the DUT in any direction of NORMAL USE and transport.

If more than one handle is furnished:9n/PORTABLE DUT, the force should be distributed

between the handles. The distribution of forces should be determined by measuring the
percentage of the DUT weight sustained by each handle with the DUT in the normal cary
position. If the DUT is furnished-with more than one handle but is so designed that it carn
readily be carried by only one-handle, then each handle is to be capable of sustaining th
total force.

The force is applied.uniformly over a 7 cm length of the handle at the centre, starting at
and gradually incréasing so that the test value will be attained in 5 s to 10 s and maintai
for a period of 1 min.

the

ying

[

zero
hed
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13.3.14 Handle loading (continued)

IEC 60601-1:2005+AMD1:2012 9.4.4

Standard(s): Subclause(s): 13.3.14 Handle loading

f) Presentation of the test results:

ME EQUIPMENT other than PORTABLE ME EQUIPMENT or its part with a mass of more than 20 kg that
needs to be lifted in NORMAL USE or transport is/is not provided with suitable handling devices (for
example handles, lifting eyes, etc.) or the ACCOMPANYING DOCUMENTS indicate the points where it
can be lifted safely, unless the method of handling is obvious and no HAZARDS can develop when
this is done.

If the means for lifting are handles, they are/are not suitably placed to enable the ME EQUIPMENT

or Jts part to be carried by two or more persons.
Mg EQUIPMENT specified by the MANUFACTURER as PORTABLE ME EQUIPMENT with a massref'mg
thgn 20 kg has/does not have one or more carrying-handles suitably placed to enable-the
ME[EQUIPMENT to be carried by two or more persons. Check by inspection and carrying the [
Weight of DUT: kg
Number of handles tested:
Fofce applied to each handle: N

Handle loading test:

The handle(s) or other means did/did not support the weight.

The h

ndle or other means did not break/broke loose from the DUT.

There was/was no permanent distortion, cracking or othérevidence of breakage of the han

o

=

their attachment means.

UT.

dle(s)
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13.3.15 Safety catch evaluation

IEC 60601-1:2005+AMD1:2012 9.8.1,9.8.2

Standard(s): Subclause(s): 13.3.15 Safety catch evaluation

a) Eq
1)
2)
3)

uipment needed for the test:
Calliper
Weights

Tension gauge

b) Safety precautions during the test:

Usernmm-latmy-safety-wmcmdmﬁg-ﬂﬁs-rest.—

Pri
in

c) Telst sample preparation:

or to performing these tests, the PATIENT support/suspension system is positioned horizo
ts most disadvantageous position in NORMAL USE.

htally

Do

d) Tept conditions:

not energize the DUT during this test.

1)

e) Tept set-up and PROCEDURE:

The suspension system parts indicated in the table below (chdin, Cable, band, spring, bg

It,

jack screw nut, pneumatic, hydraulic hoses, or the like) employed to support a load, are
defeated by convenient means (cut or removed suddenly),(thereby causing the maximu

I

normal load to fall from the most adverse position permitted by the construction of the DUT

and to activate a MECHANICAL PROTECTIVE DEVICE. The,travel after such defeat is measured as
well as other observed results that could affect the Risk of possible injury.

2) |If testing is needed to demonstrate compliancexwith 9.8.1 or 9.8.2, a test load equal to the
TOTAL LOAD times the required TENSILE SAFETYJFACTOR is gradually applied to the support
assembly under test. The support assembly.under test is to be in equilibrium after 1 min| or
otherwise not result in an unacceptable RISK.

It hay be necessary to support assemblies that are connected to the assembly under test but do

nof require such a high safety factor,-e.g. assembly under test requires TENSILE SAFETY

FACTOR = 8 and assembly supporting-it is designed with a TENSILE SAFETY FACTOR = 4. Use of

adflitional support should be exptained in the test report.

The 1 min time period may need to be longer for materials which might have creep type

pr@blems, such as plastics‘aor other non-metallic materials.

TABLE: Suspension systems with safety devices

Part Load Safety Travelled Can Is it Remarks

defeated supported device distance ME EQUIPMENT obvious
be used after | that safety

the test? device
activated?

aff

f) Presentation of the test results:

ect its ability to perform its intended function.

There was/was no evidence of damage to a safety catch or other restraining means that would
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13.3.16 Support loading

Standard(s): Subclause(s): 13.3.16 Support loading
IEC 60601-1:2005+AMD1:2012 9.8.3

a) Equipment needed for the test:
1) Calliper
2) Weights

3) Tension gauge

b) Safety precautions during the test:

Uspm-mmwrsafetrmmm-ﬂﬁs-res—t.—

c) Telst sample preparation:

Pripor to performing these tests, the PATIENT support/suspension system is positioned horizoptally
in {ts most disadvantageous position in NORMAL USE.

d) Tept conditions:

Do| not energize the DUT during this test.

e) Tept set-up and PROCEDURE:

1) | Static forces:

— A mass equal to two times 135 kg or two times the intended person load, whichever i
greater, is applied to the footrest over an area of 0,1 mZfor 1 min. After the test, if th
footrest and its fixings shows any damage or deflection that could result in an
unacceptable RisK this constitutes a failure.

— A mass of 60 % of the part of the SAFE WORKING\LOAD representing the PATIENT or
OPERATOR, as defined in the instructions for'use, or a minimum 80 kg, is placed on the
support/suspension system with the centreof the load 60 mm from the outer edge ofthe
support/suspension system for a time ef\at least 1 min. Any deflection of the
support/suspension system that could\result in an unacceptable RISK constitutes a failure.

()

D

2

~

Dynamic forces:

For the area of support/suspension where a PATIENT or OPERATOR can sit, a mass (as

defined in Figure 13) equivalent.to the SAFE WORKING LOAD representing the PATIENT or
OPERATOR as defined in thelihstructions for use is dropped from a distance of 150 mm
above the seat area. Any.loss of function or structural damage that could result in an

unacceptable RISk copstitutes a failure.
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13.3.16 Support loading (continued)

Standard(s): Subclause(s): 13.3.16 Support loading
IEC 60601-1:2005 9.8.3
Dimensions in mm
300
Mass
! \ \
(=)
A
A ‘
‘ R 400
o ~
g ,%“ R
! }

IEC

NOTE | The top reservoir of the body upper-carriage module is formed of wood, metal or a similar material. The
reservqir is intended to retain the appropriate human, body mass, typically with high density material (e.g} lead).
The bofttom portion is foam. The resiliency or spring factor of the foam (ILD or IFD ratings) is not specified, as
with a |arge mass being dropped, the foam properties are likely inconsequential. The foam is cylindrical| rather
than sgherical.

Figure-13 — Human body test mass

(lEC-60601-1:2005+AMD1:2012, Figure 33)
f) Presentation of the testiresults:

It¢em loaded Area of load Mass of load Duration of load Results

RIS

K of injury to persons.

There was /was no damage to parts of the support system such as chains, clamps, cords, cord
terminations and connections, belts, axles, pulleys and the like that affect protection against the

The support system remained/did not remain in equilibrium 1 min after application of the test
load.

Foot rests/chairs did not show/showed signs of distortion or impending failure.

They were/were not capable of performing their intended function at the conclusion of the test.
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13.3.16 Support loading (continued)

Standard(s): Subclause(s): 13.3.16 Support loading
IEC 60601-1:2005 9.8.3

Area tested Weight Used Results
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13.3.17 Overflow

Standard(s): Subclause(s): 13.3.17 Overflow
IEC 60601-1:2005+AMD1:2012 11.6.2
a) Equipment needed for the test:
1) Fluid measuring container
2) LEAKAGE CURRENTS measurement set-up
3) Dielectric strength tester
4) Equipment specified in subclause 13.3.13 (movement over a threshold as defined in
subclause 9.4.2.4.3 of IEC 60601-1:2005+AMD1:2012)
5) |Equipment to verify ESSENTIAL PERFORMANCE
b) Safety precautions during the test:
Usg normal laboratory safety PROCEDURES during this test.
c) Tept sample preparation:
This test should be applied only To ME EQUIPMENT that incorporates a reservoir or liquid storpge
chamber that is liable to be overfilled or to overflow in NORMAL USE.
Liquid containers
Description Location Capacity
1)
2)
3)
One representative test sample.
Do| not energize the DUT during this test.
d) Tept conditions:
Liquid containers or reservoirs are completely filled unless restrictions on filling are provided in
lafelling and the instructions for.wuse:
e) Tept set-up and PROCEDURE:
If warnings or safety notices regarding overfilling are marked on the TRANSPORTABLE
ME|EQUIPMENT, the liquid-reservoir is filled to the indicated maximum level.
If there is no warning,of safety notice regarding overfilling marked on the TRANSPORTABLE
ME[EQUIPMENT, the liquid reservoir is filled completely and subsequently a further quantity equal to
15]% of the capagity of the reservoir is added poured in steadily over a period of 1 min.
TRANSPORTABLE ME EQUIPMENT is subsequently tilted through an angle of 10° in the least
fajourable-direction(s) (if necessary with refilling) starting from the position of NORMAL USE.
MgBILE ME EQUIPMENT exceeding 45 kg is moved over a threshold as described in 9.4.2.4.3.
After these PROCEDURES, the ME EQUIPMENT is to pass the appropriate dielectric strength and
LEAKAGE CURRENT tests and is to show no signs of wetting of uninsulated electrical parts or
electrical insulation of parts that could result in a HAZARDOUS SITUATION the loss of BASIC SAFETY or
ESSENTIAL PERFORMANCE in NORMAL CONDITION or in combination with a SINGLE FAULT CONDITION
(based on a visual inspection).
f) Presentation of the test results:

Immediately following the overflow condition, the dielectric strength test and LEAKAGE CURRENT
tests were repeated. The DUT was examined for signs of wetting of uninsulated live parts and/or
electrical insulation.

There was /was no indication of dielectric breakdown.
LEAKAGE CURRENT testing remained/did not remain in compliance.

There was /was no wetting of uninsulated electrical parts or electrical insulation of parts that
could result in the loss of BASIC SAFETY or ESSENTIAL PERFORMANCE in NORMAL CONDITION of in
combination with a SINGLE FAULT CONDITION (based on a visual inspection).
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13.3.18 Spillage

Standard(s): Subclause(s): 13.3.18 Spillage
IEC 60601-1:2005+AMD1:2012 11.6.3

a) Equipment needed for the test:
1) Fluid measuring container
2) LEAKAGE CURRENT measurement set-up
3) Dielectric strength tester
4) |[Equipment to verify ESSENTIAL PERFORMANCE

b) Safety precautions during the test:

Usg normal laboratory safety PROCEDURES during this test.

c) Tept sample preparation:

This test should be applied only to ME EQUIPMENT that handles liquids in NORMAL USE, includiphg
ME[EQUIPMENT or ME SYSTEMS used in an environment where the processthas determined thg
spillage on the ME EQUIPMENT is likely to occur.

—

One representative test sample.

Do| not energize the DUT during this test.

d) Tept conditions:

The DUT is positioned as in NORMAL USE.

e) Tept set-up and PROCEDURE:

A quantity of normal tap water is poured steadilyson a point on the top of the DUT for a peripd of
time and from a height based on the MANUFACTURER’S analysis from the RISK MANAGEMENT FI|E.

The type of liquid, volume, duration of theyspill and location (point) should be determined thfough
thg RISK MANAGEMENT PROCESS to identify the least favourable configuration during NORMAL U[SE.

After the test, the DUT is to pass therappropriate dielectric strength and LEAKAGE CURRENT tgsts
anfl is to show no signs of wetting:oef uninsulated electrical parts or electrical insulation of pparts
thgt could result in the loss of'BASIC SAFETY or ESSENTIAL PERFORMANCE in NORMAL CONDITION [or in
combination with a SINGLE FAULT CONDITION (based on visual inspection).

f) Presentation of the test results:

Immediately following-spillage, the dielectric strength test and LEAKAGE CURRENT tests were
regjeated. The DWT was examined for signs of wetting of uninsulated live parts and/or electfical
ingulation.

There was (was no indication of dielectric breakdown.
LEAKAGE CURRENT testing remained/did not remain in compliance.

There'was /was no wetting of uninsulated electrical parts or electrical insulation of parts that
could result in the ToSS of BASIC SAFETY Of ESSENTIAL PERFORMANCE In NORMAL CONDITION OF In
combination with a SINGLE FAULT CONDITION (based on a visual inspection)..
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13.3.19 Leakage

IEC 60601-1:2005+AMD1:2012 11.6.4, 13.2.6

Standard(s): Subclause(s): 13.3.19 Leakage

1)
2)
3)

a) Equipment needed for the test:

LEAKAGE CURRENT measurement set-up
Dielectric strength tester
Pipette (IEC 60601-1:1988 only)

b)

Safety precautions during the test:

Usm-mmmrmmmﬂﬁsﬁeﬁ—

c)

Telst sample preparation:

Th
in

NORMAL USE.

s test should be applied only to ME EQUIPMENT interconnection of tubing for handling of liquids

Liquid tubing interconnection

Description Location

One representative test sample.

Do

not energize the DUT during this test.

Tept conditions:

Th

e DUT is positioned as in NORMAL USE.

Tept set-up and PROCEDURE:

Th
thr
NO

After the test, the DUT is to comply with all the requirements of IEC 60601-1:2005+AMD1:2

for
Dr
pa

Mg
on

e type of liquid, volume, duration“of the leakage and location (point) should be determine
bugh the RISK MANAGEMENT PROGESS to identify the least favourable configuration during
RMAL USE.

NORMAL CONDITION.

bps of water werg applied by means of a pipette to couplings, to seals, to hoses and to o
ts from which4eakage might occur (IEC 60601-1:1988 only).

ving parts‘@re’'to be in operation or at rest, whichever is least favourable (IEC 60601-1:1
y)-

P12

her

D88

f)

Pr

Im

bsentation of the test results:

NT

mediately following the overflow condition, the dielectric strength test and LEAKAGE CURRH

tests were repeated. The DUT was examined for signs of wetting of uninsulated live parts and/or
electrical insulation.

Th

ere was /was no indication of dielectric breakdown.

LEAKAGE CURRENT testing remained/did not remain in compliance.

There was/was no wetting of uninsulated electrical parts or electrical insulation of parts that
could result in an unacceptable RIsK.
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13.3.20 Ingress of water or particulate matter

Standard(s): Subclause(s): 13.3.20 Ingress of water or
IEC 60601-1:2005+AMD1:2012 11.6.5 particulate matter

a) Equipment needed for the test:
1) IEC 60529 measurement set-up for IPX1 through IPX8 (for ingress of water)

2) IEC 60529 measurement set-up for IP1X through IP6X (for ingress of particulate
matter)

3) LEAKAGE CURRENT measurement set-up

4) Dielectric strength tester

b) Saflety precautions during the test:

Usq normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Thig test should be applied only to ME EQUIPMENT designed to give a specifiedrdegree of
profection in accordance with the classification of IEC 60529 against harmfullingress of watgr
or garticulate matter.

The first characteristic numeral indicates that:

— | the ENCLOSURE provides protection of persons against accessdo hazardous parts by
preventing or limiting the ingress of a part of the human body ‘or an object held by a
person;

and simultaneously,

— | the ENCLOSURE provides protection of equipment.against the ingress of solid foreign
objects.

Thg second characteristic numeral indicates the degree of protection provided by ENCLOSURHS
with respect to harmful effects on the equipmént due to the ingress of water.

Unlgss otherwise specified, the test samples:for each test should be clean and new, with all
par{s in place and mounted in the mannenrdescribed by the MANUFACTURER.

Do phot energize the DUT during thisest.

d) Tegt conditions:

Plage the DUT in the least favourable position of NORMAL USE.

e) Tegt set-up and PROCERURE:
IPX[1 Test with a drip ,box in accordance with Figure 3 of IEC 60529:1998.

Place the DUT level in its normal operating position on the turn table. Align the axis o
the DUT. approximately 100 mm from axis of the turn table. Rotate the table at a rate (
1 /min for at least 10 min. Ensure that the drip box is larger than the ENCLOSURE of the]
DUT;-and that the support is smaller than the ENCLOSURE. Fix a wall or ceiling mountegl
DUT to a wooden board with dimensions equal to the size of the DUT's mounting
0 +0,5
U

—

surface—Setaflow rate of 4,

IPX2 Test with a drip box in accordance with Figure 3 of IEC 60529:1998.

Place the DUT in its normal operating position on an inclinable surface. Incline the
surface to 15° for at least 2,5 min in each of four FIXED positions of tilt (total of at least

10 min). Ensure that the drip box is larger than the ENCLOSURE of the DUT, and that the
support is smaller than the ENCLOSURE. Fix a wall or ceiling mounted DUT to a wooden
board with dimensions equal to the size of the DUT's mounting surface. Set a flow rate of

+0,5 .
30 3" mm/min.
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13.3.20 Ingress of water or particulate matter (continued)

IPX]

4

Standard(s): Subclause(s): 13.3.20 Ingress of water or
IEC 60601-1:2005+AMD1:2012 11.6.5 particulate matter
IPX3 Test with either an oscillating tube according to Figure 4 or a spray head according to

Figure 5 of IEC 60529:1998.
Place the DUT on a non-perforated supporting surface in the centre of the spray pattern.
When using an oscillating tube:

— Use a tube radius that is the appropriate size for the DUT ENCLOSURE, but not larger
than 1 600 mm. Adjust the flow rate to produce 0, 07 I/m|n + 5 % per hole multlplled by

when usmg the oscillating tubes)

— Spray at an angle of + 60° from vertical from a maximum distance of 200 mm\._The
time to complete one oscillation cycle (2 x 120 °) should be about 4 s.

— Spray the DUT for 5 min, then turn the DUT 90° and spray for 5 min more (total of
10 min).

Use a spray head (rather than an oscillating tube) for ENCLOSURES ¢hat require a tube
radius greater than 1 600 mm.

— Adjust the flow rate to produce 10 I/min £ 5 %.

— Spray at an angle of + 60° from vertical from a maximum“distance of 200 mm.

—

— Use the calculated surface area of the enclosure (excluding any mounting surface) to
determine the duration of delivery. Spray for 1 min/m? of surface area, but for no Igss

than 5 min.
The tube diameter was mm radiusyflowrate was __ I/min.

Test with either an oscillating tube according to Figure 4 or a spray head according to
Figure 5 of IEC 60529:1998.

Place the DUT on a non-perforated supporting surface in the centre of the spray pattern.

When using an oscillating tube:

—

— Use a tube radius that is the appropriate size for the DUT ENCLOSURE, but not largs
than 1 600 mm. Adjust the flow rate to produce 0,07 I/min £ 5 % per hole multiplied by
the number of holes (Table 9 from IEC 60529:1998 for the total water flow rate whé¢n
using the oscillating tubes).

— Spray at an angle of + 180° from vertical from a maximum distance of 200 mm whgn
using the gscillating tube. The time to complete one oscillation cycle (2 x 360°)
should be about 12 s.

— Spray/the DUT for 5 min, then turn the DUT 90° and spray for 5 min more (total of
10imin).

USeya spray head (rather than an oscillating tube) for ENCLOSURES that require a tube
radius greater than 1 600 mm.

— Adjust the flow rate to produce 10 I/min £ 5 %.
— Spray at an angle of + 180° from vertical from a maximum distance of 200 mm.

— Use the calculated surface area of the enclosure (excludlng any mounting surface) to
determine the duration of delivery. Spray for 1 min/m? of surface area, but for no less
than 5 min.

The DUT was/was not rotated during the test.
The DUT was/was not operating during the test.

The tube diameter was mm radius; flow rate was I/min.
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13.3.20 Ingress of water or particulate matter (continued)

Standard(s): Subclause(s): 13.3.20 Ingress of water or

IEC 60601-1:2005+AMD1:2012 11.6.5 particulate matter

IPX5 Direct a water jet hose nozzle (reference Figure 6 from IEC 60529:1998) with an inside
diameter of 6,3 mm at the DUT. Deliver a stream of water at a rate of 12,5 I/min (that has
a 40 mm diameter core measured at 2,5 m from the end of the nozzle) at the DUT from a
distance of 2.5 m to 3 m. Use the calculated surface area of the exposed DUT surface to
determine the duration of spraying. Spray for 1 min/m? of the exposed DUT surface, but
for no less than 3 min.

IPX6 Direct a water jet hose nozzle (reference Figure 6 from IEC 60529:1998) with an
inside diamefer of 12,5 mm at the DUT. Deliver a siream of water at a rate of

100 I/min (that has a 120 mm diameter core measured at 2,5 m from the end of the
nozzle) at the DUT from a distance of 2,5 m to 3 m. Use the calculated surface area
of the exposed DUT surface to determine the duration of spraying. Spray for, 1 min/m?
of the exposed DUT surface, but for no less than 3 min.

IPX[7 Completely immerse the DUT (for at least 30 min) in water with a tempenature within
5 °C of the temperature of the DUT. Place the DUT in the MANUFACTURER’S specified
normal operating position that satisfies the following conditions:

— The lowest point of ENCLOSURES with a height less than 850-mm is 1 000 mm below
the surface of the water.

— The highest point of enclosures with a height equal toZor greater than 850 mm is
150 mm below the surface of the water

IPXB Completely immerse the DUT (that is designed to be continuously immersed in
NORMAL USE) in water. The MANUFACTURER and usefs must agree on the test
conditions, but those conditions must be more severe than those required for IPX7.

Perform testing for the second characteristic numeral in fresh water. The actual protection fnay
not[be satisfactory if high pressure and/or solvents are used for cleaning.

Aftgr testing, examine the DUT for signs(of wetting of uninsulated live parts and/or electiical
insdlation.

In deneral terms, if any water enters the ENCLOSURE, the DUT should show no signs of bridging
of insulation (or electrical components) that could result in an unacceptable RISK in NORMAL
CONDITION or in combination with-'a SINGLE FAULT CONDITION (based on a visual inspection) aft
thelappropriate dielectric strength and LEAKAGE CURRENT tests are performed.

N
=

IP1X Protected againstiaecess to hazardous parts with the back of a hand and against
penetration ofthe/ENCLOSURE by solid foreign objects of greater than or equal to 50 mm

diameter. Apply the access probe (a sphere of 50 +8’05 mm diameter) with a force of
50 N £1Q %.

Thesprobe did/did not pass through any applicable opening of the ENCLOSURE while
maintaining adequate clearance.

IP2X “Protected against access to hazardous parts with a finger and against penetration of the
ENCLOSURE by solid foreign objects of greater than or equal to 12,5 mm diameter. Apply
the jointed test finger (12 mm diameter, 80 mm length) and the access probe (a sphere

of 125 +8’2 mm diameter) with a force of 30 N + 10 %.

The probe did/did not pass through any applicable opening of the ENCLOSURE while
maintaining adequate clearance.

The jointed test finger may penetrate to its 80 mm length, but the stop face (the

50 mm x 20 mm cross section) must not pass through the opening. Starting from the
straight position, bend both joints of the test finger successively through an angle of up
to 90° with respect to the axis of the adjoining section of the finger and place the finger
in every possible position.
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13.3.20 Ingress of water or particulate matter (continued)

Standard(s): Subclause(s): 13.3.20 Ingress of water or
IEC 60601-1:2005+AMD1:2012 11.6.5 particulate matter

IP3X Protected against access to hazardous parts with a TooL and against penetration of the
ENCLOSURE by solid foreign objects of greater than or equal to 2,5 mm diameter. Apply

+0,05

the access probe (a test rod of 25 "~ mm diameter) with a force of 3 N £ 10%.

The probe did/did not pass through any applicable opening of the ENCLOSURE while
maintaining adequate clearance.

IP4

o

ENCLOSURE by solid foreign objects of greater than or equal to 1,0 mm diameter. Appiy
the access probe (a test wire of 10 +8’05 mm diameter) with a force of 1 N £ 10~
The probe did/did not pass through any applicable opening of the ENCLOSURE while
maintaining adequate clearance.

IP5X Protected against access to hazardous parts with a wire and limit the ingress of dust ipto
the ENCLOSURE. Apply the access probe (a test wire of 10 +8’05 mm diameter) with a fdrce
of 1N +10 %.

The probe did/did not pass through any applicable opening of the ENCLOSURE while
maintaining adequate clearance.

When tested according to Subclause 13.2 of IEC 60529:1989, deposits of dust into th{
ENCLOSURE did/did not interfere with DUT operatién or result in unacceptable RISKS.

14

The talcum powder used for this test did/did<not accumulate in a quantity or at a
location such that, along with any other kind;of dust, might interfere with the correct DUT
operation or impair safety. Dust was notdeposited where it could lead to tracking alon
the CREEPAGE DISTANCES except for specific cases that are clearly described in the
instructions for use.

«Q

—

IP6)X Protected against access to hazardous parts using a wire and limits the ingress of dug

into the ENCLOSURE. Apply fhle-access probe (a test wire of 10 +8’05 mm diameter) with| a
force of 1 N £ 10 %.

The probe did/did not.pass through any applicable opening on the ENCLOSURE while
maintaining adequate clearance.

When tested according to Subclause 13.2 of IEC 60529:1989, deposits of dust
were/were hot observed inside the ENCLOSURE after the test.

Push the access.probe against or (in the case of the test for first characteristic numeral 2, insefted)
through any openings of the ENCLOSURE with the force specified in Table 6 of IEC 60529:1989.
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13.3.20 Ingress of water or particulate matter (continued)

Standard(s): Subclause(s): 13.3.20 Ingress of water or
IEC 60601-1:2005+AMD1:2012 11.6.5 particulate matter

f) Presentation of the test results:
The DUT was tested forIP ____orIPX _orlIP __ X
If any water has entered the ENCLOSURE:

Immediately after testing for the ingress of liquids or particulate matter, repeat the dielectric
strength test and LEAKAGE CURRENTS tests.

— [ Theparticutatetestapparatusdidfdid ot futty permetratetheappropriate opemngs:

— | The particulate test apparatus did/did not maintain sufficient clearance from hazardoug
parts.

— | For IP5X, dust protection is/is not provided in accordance with Table 2 from
IEC 60529:1998.

— | For IP6X, dust tightness is/is not provided in accordance with Table 2\from
IEC 60529:1998.

— | An unacceptable RISk did not/did occur in NORMAL CONDITION and,any applicable SINGLH
FAULT CONDITION as determined by IEC 60601-1: 2005.

- | There were /were no indications of dielectric breakdown.

— | The DUT continues/does not continue to pass LEAKAGE CURRENT tests.

— | The DUT continues/does not continue to operate‘correctly and BASIC SAFETY and
ESSENTIAL PERFORMANCE was/was not impaired.

— | After any IPXN testing, inspection shows na’signs/shows signs of wetting of safety
insulation or electrical parts.

— | There was/was no water deposit on insulation parts that could lead to tracking along the
CREEPAGE DISTANCES.

— | There was/was no water deposit-that could reach live parts or windings not designed tp
operate when wet.

— | There was/was no water accumulation near any cable end or entry onto the cable.
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13.3.21 Cleaning, sterilization and disinfection

1)

2

)
3)

Standard(s): Subclause(s): 13.3.21 Cleaning, sterilization
IEC 60601-1:2005+AMD1:2012 11.6.6, 11.6.7 and disinfection
a) Equipment needed for the test:

Cleaning agents or disinfectants or sterilizers (industrial moist heat sterilization or
ethylene oxide sterilization or radiation sterilization) as specified in the instructions

for use
Dielectric strength tester

LEAKAGE CURRENT measurement set-up

b) Safety precautions during the test:

Switch the ME EQUIPMENT ON or OFF during cleaning PROCEDURE in accordance with the
indtructions for use.

c) Tept sample preparation:

Prg¢pare the ME EQUIPMENT itself or parts of ME EQUIPMENT or APPLIED PARTS as described in the
ingtructions for use.

d) Teb
c

SO

Enpy

¢aning or disinfection as described in the instructions for use, sterilization PROCESS
acgording to standards ISO 17665-1 (industrial moist heat), ISO \1135-1 (ethylene oxide) ofr

t conditions:

11137-1 (radiation).

ironmental conditions as specified in the technical desecription.

e) Tep

1)

2)

3)

t set-up and PROCEDURE:

Clean and disinfect the ME EQUIPMENT, ACCESSORIES and APPLIED PARTS in accordance wjth
the MANUFACTURERS’ instructions (i.e. cleaning or disinfection materials and methods). |
more than one material or method is listed| use each in turn.

Sterilize the ME EQUIPMENT, ACCESSORIESYand APPLIED PARTS in accordance with the
MANUFACTURERS’ instructions.

After cleaning and sterilization, visually inspect the parts for damage that might result i
an unacceptable Risk. Perform applicable dielectric strength tests and LEAKAGE CURREN]
tests as described in this document.

ar

f) Presentation of the test results:

Visually inspect any parts of the DUT exposed to the cleaning agent to verify that deteriorg
dif not occur.

Ligt each item cleaned, disinfected or sterilized in the table below. Include the cleaning material

dielectric streigth and LEAKAGE CURRENT.

d cleaning orsterilization method and the visual inspection results and compliance with

TABLE: Cleaning, disinfection and sterilization

Item. €leaned, Cleaning, Cleaning, Visual Dielectric LEAKAGH

dislnfected ar disinfection disinfection, inspection strength CIURREN]

sterilized or or results results results
sterilization sterilization

material method

tion
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13.3.22 Push (rigidity)

Standard(s): Subclause(s): 13.3.22 Push (rigidity)
IEC 60601-1:2005+AMD1:2012 15.3.2

a) Equipment needed for the test:
1) Force gauge
2) Dielectric strength tester
3) Watch
4) Scale (for weighing the DUT)

5) |Callipers or gauge pins

b) Safpty precautions during the test:

Usqg normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Ong representative sample with fully loaded options/ACCESSORIES, consistingof the completd
ENCLOSURE, or a portion thereof representing the largest unreinforced areai-is supported in if
norfnal position.

[

d) Tegt conditions:

For|ME EQUIPMENT with non-metallic ENCLOSURES, this test is performed at the maximum amblent
temlperature indicated in the technical description for NORMAL USE.

Do pot energize the DUT during this test.

e) Test set-up and PROCEDURE:

External parts of an ENCLOSURE are subject to a steady force of 250 N + 10 N for a period of
5 s)applied by means of a suitable test TooL providing contact over a circular plane surface
30 1nm in diameter.

f) Prelsentation of the test results:

Thg ENCLOSURE was pushed at the points indicated below.

Material Pushed area Observations

Thdgre was /was no cracking of the ENCLOSURE that could cause an unacceptable RISK.
Thgre was./was no reduction of CREEPAGE DISTANCES and AIR CLEARANCES.

Thgre'were /were no live parts that became accessible.

Subject the appropriate MEANS OF PROTECTION(S) to the applicable dielectric strength test(s).

There was /was not an indication of dielectric strength breakdown.

TABLE: Dielectric strength test

Test voltage

vV Time

Location
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13.3.23 Impact

IEC 60601-1:2005+AMD1:2012 15.3.3

Standard(s): Subclause(s): 13.3.23 Impact

a) Equipment needed for the test:

1) Steel sphere approximately 50 mm in diameter and with a mass of 500 g + 25 g
2) Dielectric strength tester
3) Pendulum apparatus

4) Callipers or gauge pins.

b) Saf t
Usqg normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Ong representative sample with fully loaded options/ACCESSORIES, consisting of-{Hé completd
ENCLLOSURE, or a portion thereof representing the largest unreinforced area, is‘supported in if
norfnal position.

[

Cathode ray tubes, flat panel displays and platen glass are excluded.

d) TeJt conditions:

Do hot energize the DUT during this test. Support the DUT such.that it is rigidly held in place
during impact.

e) Test set-up and PROCEDURE:

1) |The solid smooth steel ball is permitted to fall freely from a 1,3 m height once onto each
relevant part of the ENCLOSURE (so as to strike the'ENCLOSURE with an impact of 6,78 Nm)).

2) |To test vertical surfaces, the steel ball may be/suspended by a cord and allowed to swin
like a pendulum in order to apply a horizontal impact, dropping though a vertical distanc
of 1,3 m once against each relevant partof the ENCLOSURE.

T

f)

Presentation of the test results:

Thg ENCLOSURE was struck at the points indicated below.

Material Impacted area Remarks
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13.3.23 Impact (continued)

IEC TR 62354 © IEC 2014

Standard(s):
IEC 60601-1:2005

Subclause(s):
15.3.3

13.3.23 Impact

After the test, the DUT or the DUT parts should not present an unacceptable RISK.

There was /was no cracking of the ENCLOSURE that could cause an unacceptable RISK.

There were /were no barriers damaged or loosened.

There was /was no damage that could cause moving parts to become hazardous.

There was /was no damage that could cause spread of fire.

Sb bl Hy RN aT) L. lod Ll ] " bl bl
u Je LUIC appruplrialc MEANS UF FRUTEUTIUN{S ) LU UTC dappPliLdultc UITITULUITL SUTITgLUT 1TSS ).

There|was /was no indication of dielectric strength breakdown.

TABLE: Dielectric strength test

Location

Test voltage
\Y

Time
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13.3.24 Drop impact

Standard(s): Subclause(s): 13.3.24 Drop impact
IEC 60601-1:2005+AMD1:2012 15.3.4

a) Equipment needed for the test:
1) Hardwood surface 50 mm thick
2) Tape measure or steel rule
3) Dielectric strength tester

4) Callipers or gauge pins

b) Saf i i t:
Usg normal laboratory safety PROCEDURES during this test.

c) Tejt sample preparation:

Ong¢ representative sample with fully loaded options/ACCESSORIES, etc.

d) TeJt conditions:
Do pot energize the DUT during this test.

e) Tegt set-up and PROCEDURE:
1) |HAND-HELD DUT:

The DUT, with any SAFE WORKING LOAD in place, is allowed‘to fall freely once from each
of three different starting orientations encountered during NORMAL USE from the height
at which the ME EQUIPMENT, ACCESSORY or ME EQUIPMENT/part is used, or, if not defined
in the ACCOMPANYING DOCUMENTS, from a height of\1 m, whichever is greater, onto a

50 mm £ 5 mm thick hardwood board (for example; hardwood > 600 kg/ms) lying flat on
a concrete or a similar rigid base.

2) |PoRTABLE DUT:

The DUT, with the SAFE WORKING LOAD/in*place, is lifted to a height as indicated in Table
5 above a 50 mm + 5 mm thick hardwoeod board (for example, > 600 kg/m3) that lies flat
on a concrete floor or a similar rigid base. The dimensions of the board should be at
least that of the DUT. The DUT is-dropped three times from each orientation in which it
may be placed during NORMAL USE.

Table 8 — Drop height
(IEC 60601-1:2005, Table 29)

Mass (m) of PORTABLE ME EQUIPMENT Drop height
or PORTABLE ME EQUIPMENT parts cm
kg
m<10 5
10<m<50 3
m > 50 2
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13.3.24 Drop impact (continued)

Standard(s): Subclause(s): 13.3.24 Drop impact
IEC 60601-1:2005+ A1:2012 15.3.4

Presentation of the test results:

After the test, the DUT or DUT parts may not present any unacceptable RIsK.
The following are examples of items that are inspected after the test:

— Parts, which are hazardous live, have /have not become accessible.

— ENcLosUREs show /show no cracks that could cause an unacceptable RisK.

—  [AfRCtEARANCES arefare-mottessthamtheirpermitted-vatres-and-the-insutationofinternal

wiring remains undamaged.
— |Barriers have /have not been damaged or loosened.

— |There has been /has been no damage, which could cause moving parts to beceme
hazardous.

— |There has been /has been no damage that could cause spread of fire.
— | There was/was no damage to the interior or exterior of the DUT.
Subject the appropriate MEANS OF PROTECTION(S) to the applicable dielectric strength test(s).

Thdre was/was no indication of dielectric strength breakdown.

TABLE: Dielectric strengthd{est

Location Test voltage Time
V
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13.3.25 Rough handling

IEC 60601-1:2005+AMD1:2012 15.3.5

Standard(s): Subclause(s): 13.3.25 Rough handling

a) Equipment needed for the test:

1)
2)
3)
4)

5)
6)
7)

A solid hardwood vertical obstacle having a width and thickness of 40 mm
A FIXED horizontal obstacle having a height of 40 mm
A FIXED horizontal descending step having a height of 40 mm

Means to measure the speed

Dielectric strength tester
Callipers or gauge pins

Scale (for weighing the DUT)

b) Safety precautions during the test:

Uss
tod

normal laboratory safety PROCEDURES during this test. Suitable precautions shall be takgn

revent over-balance caused by the rough handling stress/shock.

c) Te

On

LO

t sample preparation:

representative sample of MOBILE ME EQUIPMENT in transport pgsition, with any SAFE WORKING
in place and in the most adverse condition permitted in NORMAL USE.

d) TeJt conditions:

Do

hot energize the DUT during this test.

e) Test set-up and PROCEDURE:

1)

2)

3)

Ascending step shock:

The DUT is pushed three times in its normal direction of travel at a speed of 0,8 m/s £ 0} 1
m/s, or, for a motor-driven DUT, at thesmaximum speed capable of being
maintained, against a solid hardwood plane obstruction with a face of 40 mm that is rigidly
attached to an otherwise flat floor\The direction of movement is perpendicular to the fage
of the obstacle. The DUT need not go over the 40 mm obstruction.

Descending step shock:

The DUT is moved three times in its normal direction of travel at a speed of

0,8 m/s £ 0,1 m/s, or,\for a motor-driven DUT, at the maximum speed capable of being
maintained, in orderjto fall over a vertical step having a height of 40 mm affixed flat on 3
rigid base (e.g.(concrete). The direction of movement is perpendicular to the face of the
descending step.

Door framé shock:

The DUT is moved three times in its normal direction of travel at a speed of
0,8 m/s £ 0,1 m/s, or, for motor driven moBILE DUT, the maximum speed capable of beinp

mairitained, against a hardwood vertical obstacle having a width and thickness of 40 mn|

afffxedto a vertical Tigid support (e.g. concrete). 1The hefghtof the verticalobstacte should
be higher than the DUT contact point(s). The direction of movement is perpendicular to the
face of the obstacle.
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13.3.25 Rough handling (continued)

Standard(s): Subclause(s): 13.3.25 Rough handling
IEC 60601-1:2005+AMD1:2012 15.3.5,9.4.2.4.3

f) Presentation of the test results:
After the tests, the DUT or DUT parts should not present an unacceptable RISK.
The mechanical integrity of the DUT was/was not maintained during test 1).
The mechanical integrity of the DUT was/was not maintained during test 2).

The mechanical integrity of the DUT was/was not maintained during test 3).

Measured CREEPAGE DISTANCES and AIR CLEARANCES were satisfactory/non-satisfactory afte
the|tests.

—

Visyally inspect the DUT for any damage that might constitute an unacceptable RiSK{(e.d.
ENJLOSURE openings that allow access to hazardous parts).

Subject the appropriate MEANS OF PROTECTION to the applicable dielectric strength test(s).

Thgre was/was no indication of dielectric strength breakdown.

TABLE: Dielectric strength test

Location Test voltage Time
W
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13.3.26 Mould stress relief

Standard(s): Subclause(s):
IEC 60601-1:2005 15.3.6

13.3.26 Mould stress relief

1)
2)
3)
4)

a) Equipment needed for the test:

Circulating air oven with calibrated temperature measuring device
Calliper

Watch/clock

Finger probe, test pin, test hook, rigid finger.

b) Safety precautions during the test:

Usdg

normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Thi

matferials.

One
tog

For

assembly with regard to thickness and shape, including any mechanical support members.

Theg
effq
res

test applies only to ME EQUIPMENT with ENCLOSURES of moulded or formed thermoplastic

representative sample, consisting of the complete ENCLOSURE, or of the-ENGLOSURE
bther with any supporting framework.

large ME EQUIPMENT, condition a portion of the ENCLOSURE representative of the complete

selected samples are derived from portions of the ENCLOSURE\Dased on the potential
cts of mould stress relief, such as corners or where the moulding material must flow into
ricted areas where cooling of the material could result i stresses.

d) Tegt conditions:

Do

hot energize the DUT during this test.

e) Tegt set-up and PROCEDURE:

Pla
tem
per

NOT

Ce the DUT in the circulating air oven at a temperature 10 °C higher than the maximum
perature observed on the ENCLOSURE during the heating test, but not less than 70 °C, for
od of 7 h, then permitted to cool to rcem temperature.

E Relative humidity need not be maintained at a specific value during this conditioning.

f)

Prelsentation of the test results:

Thdre is not to be any damage resulting in an unacceptable RISK, including warping, crackin
brepking or other alteratians.

Thgre was/was no cracking of the ENCLOSURE that could cause an unacceptable RisK.
Thgre were /were no-barriers damaged or loosened.

Thgre was/was)no damage that could result in reduction of CREEPAGE DISTANCES and AIR
CLEARANCES(

Thgre was/was no warping that enabled access to hazardous parts using the test pin, test
findercand test hook.

)

TABLE: Mould stress relief

Part under test Oven temperature Time Remarks
°C h
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13.3.27 Actuating parts of controls (Knob pull and limitation of movement)

Standard(s): Subclause(s):
IEC 60601-1:2005+AMD1:2012 15.4.6.1, 15.4.6.2

13.3.27 Actuating parts of
controls (Knob pull and
limitation of movement)

a) Equipment needed for the test:
1) Force gauge with a range of at least 60 N to 100 N
2) Chronometer (stop watch)
3) Torque meter with a range of at least 1,0 Nm to 6,0 Nm

4) Callipers or gauge pin

b) Safety precautions during the test:

Usq normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Thg sample should be securely mounted.

d) Tegt conditions:

Do hot energize the DUT during this test.

e) Test set-up and PROCEDURE:

1) |Where an axial pull is required in NORMAL USE, or is likely totberapplied to the rotating or

moveable parts of controls in NORMAL USE, an axial force, of 80 N for electrical componenjts
and 100 N for other components was applied for 1 min.to the OPERATOR accessible knobp
indicated below and in a direction to affect their remeval. During this test, no torque was

applied.

2) |For rotating controls and stops, the torques as‘shown in Table 9 are applied between th
control knob and the shaft for not less than 27s in each direction alternately. The test is

repeated 10 times.

Thg knob should not rotate with respect to-the shaft.

D
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13.3.27 Actuating parts of controls (Knob pull and limitation of movement) (continued)

IEC 60601-1:2005+AMD1:2012 15.4.6.1, 15.4.6.2

Standard(s):

Subclause(s):

13.3.27 Actuating parts of
controls (knob pull and
limitation of movement)

Table 9 — Test torques for rotating controls

(IEC 60601-1:2005, Table 30)

Gripping diameter (d ) Torque

of control knob Nm
mm ?

0<d<23 1,0

23 <d< 31 2,0

31<d<41 3,0

41 <d<56 4,0

56 <d<70 5,0

d>70 6,0

The gripping diameter (d) is the maximum width
of a control knob regardless of its shape (eg.

control knob with pointer.

f) Prejsentation of the test results:

Type Knob location Securement Force
N
1)
2)
3)

The
The
The
The

An
the

controlled parameter.

knob did/did not rotate on the shaff\to give an incorrect indication.
knob could/could not be removed and replaced in a way to give an incorrect indication
knob did/did not break.

stop did/did not preventiadditional rotation.

axial pull did/did not-cause the knob to become displaced or caused unexpected changg of
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13.3.28 Construction of transformers

Standard(s): Subclause(s): 13.3.28 Construction of
IEC 60601-1:2005 15.5.3 transformers

a) Equipment needed for the test:

1)
2)
3)

Standard gauges
Callipers with magnifying feature or additional magnifying equipment

Tools to dismantle the transformer

b) Safety precautions during the test:

Uswmmmmreﬁ—

c) Teslt sample preparation:

Do

hot energize the DUT during this test.

d) Tegt conditions:

Seq

13.3.7.

e) Tegt set-up and PROCEDURE:

Sed

13.3.7 for the general procedure.

Means shall be provided to prevent displacement of end turns.béyond the interwinding
insulation.

If a protective earthed screen has only one turn, it shall‘have an insulated overlap of no
less than 3 mm. The width of the screen shall be atteast equal to the axial winding length
of the primary winding.

The exit of the wires from the internal windings‘of toroidal transformers shall be provided
with double sleeving complying with the requirements for two MEANS OF PROTECTION and
having a total wall thickness of at least 0,3, mm, extending at least 20 mm outside the
winding.

The insulation between primary and_‘secondary windings shall comply with 8.8.2.

CREEPAGE DISTANCES and AIR CLEARANCES shall comply with 8.9.4 with the following
exceptions:

» Enamelled or lacquered winding wires are considered as contributing 1 mm each to the
CREEPAGE DISTANCES spécified in 8.9.4 for MEANS OF PATIENT PROTECTION.

» CREEPAGE DISTANCES are measured through the joint between two parts of an insulatig
barrier, except when:

>

— either thentwo parts forming the joint are bonded by heat sealing or other similar
means.at the place where this is of importance; or

— theyeint is completely filled with adhesive at the necessary places and the adhesiv
bonds to the surfaces of the insulating barrier so that humidity cannot be sucked info
the joint.

N

CREEPAGE DISTANCES Withim moutded transformers are constdered not to existiftcan 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 voltages.
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13.3.28 Construction of transformers (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):
15.5.3

13.3.28 Construction of
transformers)

insulation.

3 mm.

f) Presentation of the test results:

Means was/was not provided to prevent displacement of end turns beyond the interwinding
A protective earthed screen with only one turn had/had not an insulated overlap of not less than

The width of the screen was/was not at least equal to the axial winding length of the primary

wingHg-

with

Theg
Theg

insulation between primary and secondary windings shall comply with 8.8.2,

results of the measurements are specified in the table.

Thqg exit of the wires from the internal windings of toroidal transformers was/was not provided
double sleeving complying with the requirements for two MEANS OF PROTECTION and_havipg a
totgl wall thickness of at least 0,3 mm, extending at least 20 mm outside the winding.

TABLE: CREEPAGE DISTANCE and AIR CLEARANCE

nsulation under
test

(area from

insjulation diagram)

Insulation type:

(BI-BASIC | SI-SUPPLEMENTARY /
DI-pDouBLE / RI-REINFORCED)
(for IEC 60601-1:1988)

(Functional / one moor /
two moopr / one MOPP/
two MoPP)

(for IEC 60601-1:2005)

CREEPAGE AIR Remarks
DISTANGE. | CLEARANCE
mm mm

Prirpary — secondary

Primary — core

Sedondary — core

Scrgen overlap

Exténsion of sleeving

Thig¢kness of sleeving

Thigkness of bubble
freq moulding
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13.4 Measurements and tests for equipment that is operating

Table 10 lists those measurements and tests that are performed while the DUT is operating.

Table 10 — Measurements and tests for equipment that is operating

Test per IEC/TR 62354

Clause in
IEC 60601-1:1988

Clause in
60601-1:2005

No. Description

13.4.1 ESSENTIAL PERFORMANCE — 4.3
Functional

13.4.2 Power consumption (input) single 71 4.11
phase and polyphase

13.4.3 Voltage mismatch 5.4 a), 8.1

13.4.4 Limitation of voltage, current or 15 8.4.3;8.4.4
energy

13.4.5 DEFIBRILLATION-PROOF APPLIED PART 17 h) 8.5.5.1
protection

13.4.6 Energy reduction 8.5.5.2

13.4.7 EARTH LEAKAGE CURRENT 19.4 f) 8.7(4.5

13.4.8 TOUCH CURRENT 19.4 g) 8.7/4.6

13.4.9 PATIENT LEAKAGE CURRENT 19.4 h) 8.7.4.7,8.7.4.9

13.4.1( PATIENT LEAKAGE CURRENT with 19.4 8.7.4.7 b)
mains on F-TYPE APPLIED PART

13.4.11 PATIENT LEAKAGE CURRENT with 19.4 8.7.4.7 c)
mains on SIP/SOP

13.4.14 PATIENT AUXILIARY CURRENT 194%) 8.7.4.8

13.4.13 WORKING VOLTAGE measurement 20.3 8.5.4,8.10.4.1

13.4.14 Sound pressure level measurement 9.6.2.1

13.4.14 Hydrostatic pressure 45 9.7.5

13.4.14 X-radiation (ionizing radidtien) 29.2 10.1
measurement

13.4.11% Normal heating 42 1.1

13.4.1§ Operation to a specified temperature | 10.2.1, 4.5 5.3

13.4.14 Identificatign ‘of source of ignition 11.2.2.1

13.4.2( Interruption of power supply 49 11.8

13.4.21 Limited power circuit 13.1.2

13.4.23 Eailures of THERMOSTATS 52.5.2 13.2.4

13.4.21 Impairment of cooling K255 52510¢c) 1327

56.6

13.4.24 Locking of moving parts 52.5.6 13.2.8

13.4.25 Interruption or short circuit of motor 52.5.7 13.2.9
capacitors

13.4.26 Motor running overload 52.5.10 f) 13.2.13.3 b), 13.2.13.4

13.4.27 Heating element overload 52.5.10 13.2.13.1, 13.2.13.2

13.4.28 Rechargeable battery 15.4.3
overcharge/discharge

13.4.29 Mains transformers 57.9 15.5; 13.2.3
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13.4.1 ESSENTIAL PERFORMANCE — Functional

Standard(s):
IEC 60601-1:2005+AMD1

12012

Subclause: 13.4.1

4.3

ESSENTIAL PERFORMANCE —
Functional

a) Equipment needed for the test:

As specified in the RISK MANAGEMENT FILE.

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test as specified in the RISk

MANAGEMENT FILE.

c) Te

Malke the relevant supply circuit available (see Annex D).

Prepare the sample as specified in the RISK MANAGEMENT FILE.

d) Test conditions:

NORMAL CONDITION as specified in the RISK MANAGEMENT FILE.

e) Test set-up and PROCEDURE:

Thg RISK MANAGEMENT FILE is inspected to assure that the MANUFACTURER has identified
ESSENTIAL PERFORMANCE. The DUT is operated to assure that all identified ESSENTIAL
PERFORMANCE characteristics are maintained in NORMAL USE andfolowing particular test(s).

f) Pre|sentation of the test

Thg MANUFACTURER has/has not provided RECORDS in the ‘RISK MANAGEMENT FILE that show

results:

OBJECTIVE EVIDENCE that ESSENTIAL PERFORMANCE as defined:

— |n the RISK MANAGGEMENT FILE and/or

— |InIEC 60601-1 series

is maintained.

TABLE: ESSENTIAL PERFORMANCE identified

Cljnical function

ESSENTIAL
PERFORMANCE
identified

Remarks

Supporting
documentation
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13.4.1 ESSENTIAL PERFORMANCE — Functional (continued)

Standard(s): Subclause: 13.4.1 ESSENTIAL PERFORMANCE —
IEC 60601-1:2005+AMD1:2012 4.3 Functional
Demonstration of OBJECTIVE EVIDENCE could be done by functional test.
TABLE: Functional Tests
ESSENTIAL PERFORMANCE Functional tests conducted Observed outcome

identified

or verification of provided

documents



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014 - 99 -

13.4.2 Power consumption (input) single phase and polyphase

Standard(s): Subclause(s): 13.4.2 Power consumption

. ) (input) single phase and
IEC 60601-1:2005+AMD1:2012 4.11 polyphase

a) Equipment requested for the testing:

1) Adjustable regulated a.c. power supply 1 — 270 V, 50/60 Hz, 15 A or other similar voltage
and frequency depending on input RATING of ME EQUIPMENT

2) Suitable true r.m.s. or average responding, true r.m.s. calibrated voltmeters, ammeters

3) Power analyzer (broadband digital complex waveform VAW meter)

oo

5) |Assorted interconnection cables

b) Safety precautions during the test:
It ig important to determine the correct type of power input circuit to use for the DUT.

Usg normal laboratory safety PROCEDURES during this test.

c) Tegt sample preparation:

Ong representative sample loaded with all optional ACCESSORIES

d) Test conditions:

NORMAL CONDITION using maximum loading according to ACCOMPANYING DOCUMENTS (e.g. prinfers
opdgrating, batteries fast charging, cutting...).

e) TeJt set-up and PROCEDURE:

1) |Connect normal load to the DUT and operate the"\DUT under the most severe conditions| of
NORMAL USE until the input has reached a stable‘value.

2) |Measure and record the input current, power or volt-amperes at the lowest and highest
RATED voltage (when provided as a range). Measure at each NOMINAL marked setting when
scalable. Measure at the NOMINAL marked voltage when singular.

The steady state or average current is measured with a true r.m.s. reading instrument.

RATED input power, if expressed in volt-amperes, is either measured with a volt-ammetef or
determined as the product ofithe steady state current (measured as described above) and
the supply voltage.

f) Presentation of the test results:

TABLE: Power consumption

Operating condition Voltage | Frequency | Current | Power Remarks

The DUT isl/is not marked in accordance with Subclause 7.2.7 of IEC 60601-1:2005

The measured input of the ME EQUIPMENT at RATED voltage and at operating settings specified
by the MANUFACTURER is not to exceed the marked rating by more than 10 %.

The measured input current/power did not exceed/exceeded 110 % of the DUT ratings.
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13.4.3 Voltage mismatch

IEC 60601-1:2005+AMD1:2014 5.4 a), 8.1

Standard(s): Subclause: 13.4.3 Voltage mismatch

a) Equipment needed for the test:

1)
2)

Dielectric strength tester

Power supply capable of providing voltages specified on equipment ratings label

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

t sample preparation:

Malke the relevant supply circuit available (see Annex D).

c) Te1

d) Teslt conditions:

NoH

MAL CONDITION

e) Test set-up and PROCEDURE:

1)

5)

A DUT provided with an OPERATOR adjustable voltage selector is méunted and OPERATED
intended.

Place the DUT on a white tissue paper covered softwood surface and draped with a sing
layer of cheesecloth.

The input voltage selector switch is set to the lowest voltage setting and is then energiz
from a source of supply equivalent to the highest RATED voltage value.

The input voltage selector switch is set to the highest voltage setting, and is then
energized from a source of supply equivalent te'the lowest RATED voltage value.

Tests that resulted in opening of components~or component damage are followed by a
dielectric strength test.

as

e

f) Prejsentation of the test results:

TABLE: Voltage mismatch
Model Sample Test Selector switch Applied Remarks
No. voltage setting voltage
Vv
Thgre was/was no emission of flame or molten metal or insulation damage.

Theg

The

re was/was no ignition or charring of cheesecloth.

reswas/was no glowing or flaming of the tissue paper.



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014 -101 -

13.4.4 Limitation of voltage, current or energy

IEC

Standard(s): Subclause(s): 13.4.4 Limitation of voltag
60601-1:2005+AMD1:2012 8.4.3,8.4.4 current or energy

e,

a) Equipment needed for the test:

4)

Digital storage scope with 100:1 probe (for adequate impedance, limiting discharge thro
scope)

Capacitance measuring device

Disconnection device (1 s switch box)

A variablg saourca of AC nowar sunnly
Lad L i

ugh

b) Saflety precautions during the test:

Uss

normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Ong

b representative test sample.

d) Test conditions:

Ma

Thi
ME

Wh
ma

e the relevant supply circuit available (see Annex D).

b test applies to ME EQUIPMENT intended to be connected to a power source by a plug and
EQUIPMENT which consists of internal capacitive circuits.

ere appropriate, a d.c. input voltage equal to the peak ofithe RATED SuPPLY MAINS voltage
be used.

e) Test set-up and PROCEDURE:

1)
2)

3)

Operate the DUT at RATED voltage or at the upper limit of the RATED voltage range.

Disconnect the DUT from the power source \with any relevant switch in the “On” and “Off
positions.

Either the DUT is disconnected from\thie power source by means of the plug, in which c3
the test is performed as many times as necessary to allow the worst case to be measurg
or a triggering circuit is used to ensure that disconnection occurs at the peak of the sup
voltage waveform. ) It may be beneficial to measure the capacitance using a capacitanc
measurement device and-then calculating the energy.

Any ACCESS COVERS preventing access to the capacitors, present in NORMAL USE are

removed as quickly‘as normally possible. The voltage between the pins of the plug and
between any pin.and the ENCLOSURE is measured 1 s after disconnection with an instrum
the internal impedance of which does not affect the test. If greater than 60 V, the energy
calculated with‘the formula E = 0,5 x CV2.

Measure or-calculate the stored charge by any convenient method.

Thesstared energy is calculated from the following equation:

J=5x10"7 cV2

by

se

ly

D

ent
is

Where Jis the stored energy in joules;
C is the capacitance in microfarads;
V is the voltage across the capacitor terminals.

Consider visual inspection and inspection of ACCOMPANYING DOCUMENTS.
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13.4.4 Limitation of voltage, current or energy (continued)

IEC 60601-1:2005+AMD1:2012

Standard(s):

Subclause(s):
8.4.3,8.4.4

13.4.4 Limitation of voltage,
current or energy

f) Presentation of the test results:

TABLE: Residual voltage in attachment plug

Voltage measured between:

Worst case measured voltage

\Y

Supply pins (pin 1 & pin 2)

Ling pim T andENCTLOSURE

Ling pin 2 and ENCLOSURE

Ling pin 1 and earth pin

Ling pin 2 and earth pin

Theg

highest voltage measurement did/did not exceed 60 V.

TABLE: Residual voltage or energy in capacitors

Capacitor and its
location

Residual
voltage
V

Access time
after
disconnection
s

Capacitance | Stored charge
value nC
uF

Theg
Theg
Theg

/does not exceed 60 V.

Theg
not

exceed 45 uC.

residual voltage at the plug did/did not exceed 60 V.
stored charge at the plug does /does not exceed 45 uC.

residual voltage of internal capacitors after ACCESS COVERS have been removed does

stored charge of internal Capacitors after ACCESS COVERS have been removed does /dogs
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13.4.5 DEFIBRILLATION-PROOF APPLIED PART protection

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
8.5.5.1

13.4.5 DEFIBRILLATION-PROOF
APPLIED PART protection

a) Equipment needed for the test:

1) Test circuits as shown in Figure 14 and Figure 15

2) Storage oscilloscope

Rz 100 kQ
1

Mains
PART

I.I.|
H'I'IKE!!!

| ___{(5)Unearthed Acce§sisLE PARTS

> parts of ENCLOSURE

[\(4)PATIENT connECTION of another APPLIED PART

)::D PaTiEnT connecTion of another function of
the same APPLIED PART

R 50O

ikplay
vice
iy > 1T MQ

-

RKail in contact with non-conductive

Protgctive earth
CLASE | ME EQUIPMENT

ME EQUIPMENT

PART

4) All PaTIENT
CONNECTIONS Of
one function of
same AFPLIED

r—
d

R 1009[

IEC

Com;lonents

I’ Test voltage

S Switch for applying the test voltage
R,, R, Tolerance at £ 2 %, not less than 2 kV
ReL Current limiting resistor

D,, D, Small signal silicon diodes

Other components tolerance at + 5 %

Figure 14 — Application of test voltage to bridged PATIENT CONNECTIONS
(common mode) for DEFIBRILLATION-PROOF APPLIED PARTS

(IEC 60601-1:2005+AMD1:2012, Figure 9)
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13.4.5 DEFIBRILLATION-PROOF APPLIED PART protection (continued)

Standard(s): Subclause(s): 13.4.5 DEFIBRILLATION-PROOF
APPLIED PART protection
IEC 60601-1:2005+AMD1:2012 8.5.5.1 P
Rz 100 kQ
| =
L ]
R1 1kQ2 )
{ Display
) device
I L Zin>1MQ
T » 4 =
|
I.------—-..
|
|
I ®
__—{5)Unearthed ACCESSIBLE PARTS
——H— Hr
|
@ 1 I 1 H
|
SIGNAL INPUT/OUTPUT PARTS I Foil in contact with non-conductive
0 4— ———  parts of ENCLOSURE
|
1 /@ PamenT cOnNeCTION of another APPLIED PART
|
H /C_;) PATENT.CONNECTION of another function of
thex§ame APPLIED PART
Mains 21’2?8 FE
d R 500 RcL
— l
5 R 100 © \ d.c.
L
®
? All PATIENT
- — —— CONNECTIONS Of
) one function of
Protegtive earth same APPLIED
CLASS | ME EQUIPMENT Foil at base of PART
ME EQUIPMENT

Components

V. Test voltage

;.
S Switch for applying the test voltage

R, Rp S(Tolerance at £ 2 %, not less than 2 kV

IEC

ReL Current limiting resistor
D,, D, Small signal silicon diodes

Other components tolerance at £ 5 %

Figure 15 — Application of test voltage to individual PATIENT CONNECTIONS
(differential mode) for DEFIBRILLATION-PROOF APPLIED PARTS

(IEC 60601-1:2005+AMD1:2012, Figure 10)
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13.4.5 DEFIBRILLATION-PROOF APPLIED PART protection (continued)

Standard(s): Subclause(s):

IEC 60601-1:2005+AMD1:2012 8.5.5.1

13.4.5 DEFIBRILLATION-PROOF
APPLIED PART protection

b) Safety precautions during the test:

Defibrillators are designed to produce pulses on accessible electrodes. These pulses are
potentially lethal. Only properly trained and authorised personnel should perform these tests.

Before carrying out these tests, the ME EQUIPMENT, in particular HIGH VOLTAGE cables and
electrodes, should be examined for damage and for anything that may affect the integrity of the
insulation such as conductive gel. The test apparatus should be positioned to avoid the
possibility of accidental contact by other persons. Defibrillators or similar HIGH VOLTAGE sources

sho|
alw

uld not be left switched on and left unattended. Variable output voltage controls should

Hys be set to the minimum value when not in use.

c) Tegt sample preparation:

The

ME EQUIPMENT is energised unless inspection of the circuits shows that a de-energised

statle is the worst-case situation.

d) Teslt conditions:

Dur

ng each test:

Connect the PROTECTIVE EARTH CONDUCTOR Of CLASS | ME EQUIPMENT to earth. Test CLASS |
ME EQUIPMENT that is capable of operation without a SUPPLYMAINS, e.g. having an interngl

battery, again without its PROTECTIVE EARTH CONNECTION.

Cover insulating surfaces of APPLIED PARTS with metalfoil or immersed the APPLIED PART |n a

0,9 % saline solution.

Remove any external connection to a FUNCTIONALNEARTH TERMINAL.

Connect non-PROTECTIVELY EARTHED parts to.@display device in turn at a point other than

where energy is being measured.
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13.4.5 DEFIBRILLATION-PROOF APPLIED PART protection (continued)

Standard(s): Subclause(s): 13.4.5 DEFIBRILLATION-PROOF
IEC 60601-1:2005+AMD1:2012 8.5.5.1 APPLIED PART protection

e) Test set-up and PROCEDURE:
1) Common-mode test:

Connect the DUT to the test circuit as shown in Figure 14. Connect all the non-
PROTECTIVELY EARTHED or functionally earthed PATIENT connections of the DEFIBRILLATION-
PROOF APPLIED PART together. Apply the test voltage to all the PATIENT CONNECTIONS of
the DEFIBRILLATION-PROOF APPLIED PART to the combined connections. If an APPLIED PART
has multiple functions, the test voltage is applied to all the PATIENT CONNECTIONS of one
function at a time with the other functions disconnected.

Measure the energy from the following parts in turn:

- The ENCLOSURE, including connectors in PATIENT leads and cables when ‘cohnected
to the ME EQUIPMENT (does not apply when disconnected from the DU

—  Any SIGNAL INPUT/OUTPUT PART.

- Metal foil with an area at least as large as the base of the ME-EQUIPMENT upon
which the ME EQUIPMENT is placed.

- PATIENT CONNECTIONS of any other APPLIED PART (whethef or not classified as a
DEFIBRILLATION-PROOF APPLIED PART).

— Any unused or disconnected connections of the APPLNED PART under test or any
function of the same APPLIED PART.
ME EQUIPMENT that is completely BODY-WORN is exempt\from this requirement.

2) Differential-mode test:

Connect the DUT to the test circuit as shiown in Figure 15 Connect all but one of|the
PATIENT connections of the DEFIBRILLATION-PROOF APPLIED PART together and then connect
that to earth. Apply the test voltage testhe remaining PATIENT CONNECTION.

Do not perform the differential-made test if the APPLIED PART consists of a single PATIENT
connection.

Where multiple APPLIED PARTES share a common PATIENT circuit and are not separated by
the required CREEPAGE BISTANCE and AIR CLEARANCE, then treat all these APPLIED PART
as DEFIBRILLATION-PROQF) APPLIED PARTS.

After the tests, and\following any recovery time stated in the ACCOMPANYING DOCUMENTS,
verify that the DUT continues to provide BASIC SAFETY and ESSENTIAL PERFORMANCE.

During the tests:

— Except for PERMANENTLY INSTALLED ME EQUIPMENT, test the ME EQUIPMENT with ang
without the PROTECTIVE EARTH CONDUCTOR connected.

—~_Cover insulating surfaces of APPLIED PARTS with metal foil or, where appropriate,
immerse the APPLIED PART in a 0,9 % saline solution.

— Any external connection to a FUNCTIONAL EARTH TERMINAL IS rnmn\/nrl;

- Connect the ME EQUIPMENT to the SUPPLY MAINS and operated it in accordance with
the ACCOMPANYING DOCUMENTS.

Measure the peak voltage and repeat each test with test voltage reversed.
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13.4.5 DEFIBRILLATION-PROOF APPLIED PART protection (continued)

Standard(s):

IEC 60601-1:2005+AMD1:2012

Subclause(s):
8.5.5.1

13.4.5 DEFIBRILLATION-PROOF
APPLIED PART protection

f) Presentation of the test results:

TABLE: DEFIBRILLATION-PROOF APPLIED PARTS

Test
condition: ACCESSIBLE
Figure 14 or PART of

Figure 15 measurement

Voltage
APPLIED measured
PART with Test |between Y1 and
test voltage Y2
voltage polarity mV Remarks

TABLE: Defibrillation-proof recovery.time

A

PPLIED PART Wwith test
voltage

Test
voltage
polarity

Recovery
time from
ACCOMPANYING
DOCUMENT
s

Measured
recovery
time

S Remarks
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13.4.6 Energy reduction

Standard(s) Subclause(s): 13.4.6 Energy reduction
IEC 60601-1:2005+AMD1:2012 8.5.5.2

a) Equipment needed for the test:
1) Test circuits as shown in Figure 16

2) Means to evaluate d.c. energy delivered to a resistive (non inductive) load

b

)

/@} PATIENT CONNECTION of another APPLIED HART
-~

r|:|- =7 7
. v (4 PATIENT CONNECTIONS of the Bame APPLIHD PART
' A
pge b==H R 400 Q RcL
— L 1—
Bl

R 108 Q ]

(noprinductive)

L 25 mH

R11Q-RL,
where RLis the
d.c. resistance of
the inductor L

IEC

Components
S Switch for applying the test'energy
A, B |Switch positions

cL |Current limiting resistor

Components toleranced at + 5 %

Figure 16 — Application of test voltage to test
the delivered defibrillation energy (energy reduction test)

(IEC 60601-1:2005+AMD1:2012, Figure 11)

b) Safety precautions during the test:

Defibrillators are designed to produce potentially lethal pulses on accessible electrodes. Only
properly trained and authorised personnel should perform these tests.

Before carrying out this test, examine the ME EQUIPMENT, in particular HIGH VOLTAGE cables and
electrodes, should be examined for damage and for anything that may affect the integrity of the
insulation such as conductive gel. Position the test apparatus to avoid the possibility of
accidental contact by other persons. Do not leave defibrillators or similar HIGH VOLTAGE sources
switched on and unattended. Always set variable output voltage controls to the minimum value
when not in use.

c) Test sample preparation:

Energize the ME EQUIPMENT unless inspection of the circuits shows that a de-energised state is
the worst-case situation.
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13.4.6 Energy reduction (continued)

IEC 60601-1:2005+A1:2012 8.5.5.2

Standard(s): Subclause(s):

13.4.6 ENERGY REDUCTION

d) Test conditions:

Use ACCESSORIES such as cables, electrodes and transducers that are recommended in the
instructions for use.

e) Test set-up and PROCEDURE:

Connect the APPLIED PART or PATIENT CONNECTION to the test circuit. The parts described in

8.5.5.1 a) are connected to earth (See 13.4.5 above for list of parts).

2) |Charge capacitor C to 5 kV d.c. with switch S in position A.
3) |Discharge capacitor C by actuating the switch S to position B, and evaluate the energy k1
delivered to the 100 Q load. Measure or calculate the energy by any convenient'method
4) |Remove the ME EQUIPMENT under test from the test circuit and repeat steps_2)and 3)
above, evaluating the energy E2 delivered to the 100 Q load. Apply the test.oltage to epch
PATIENT CONNECTION Or APPLIED PART in turn, with all the remaining PATIENT"CONNECTIONS Of
the same APPLIED part connected to earth (differential mode).
5) |Other DEFIBRILLATOR PROOF APPLIED PARTS, if any, are tested separately, in turn.
6) |Repeat the test with reverse test voltage.
NOTE Delivered energy can be expressed as:
Wy=WgxR/(R+R;)
where W is the delivered energy in J, W is the stored energy in J, R is the subject
resistance (i.e. 100 Q), R; is the measuring.device resistance in Q.
Wg = CU? /2, where C is the capacitapcé’in farads (i.e. 32 x 10°® F), U is the voltage
applied to the capacitor (i.e. 5 kV).
f) Presentation of the test results:
TABLE: Measured/calculated energy
APPLIED PART/connection Measured/calculated Measured/calculate %
energy (E1) d energy (E2) Reductipn
MeIsured | caleculated energy E1: _J
Measured“/calculated energy E2: _ J
E1 }js\Jis’not at least 90 % of E2.



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

- 110 - IEC TR 62354 © IEC 2014

13.4.7 EARTH LEAKAGE CURRENT

Standard(s): Subclause(s): 13.4.7 EARTH LEAKAGE CURRENT
IEC 60601-1:2005+AMD1:2012 8.7.4.5

a) Equipment needed for the test:

1) Voltmeter

2) Digital storage oscilloscope with true RMS feature
3) Variable source of AC power supply
4) Measuring device and its frequency characteristics as shown in Figure 17.
= *+20
S
N o
g
i Ri_ } S
T - TR a 2
I | | o
| | ‘ Volt %
| | oltage © 40
z Ro C1T | @ measuring B
: } | instrument b) %
| | J E 60
R * 2
o ] ©
i
R1 10 kQ + 5 %3) 10 102 108 104 105  1ps
Ry [1kQ £ 1 %32) Frequency f (Hz) ke
C4 |0,015 HF +5% IEC
a) Measuring device b) Frequency characteristics

NPTE  The network and voltage measuring instrumient above are replaced by the symbol == MD =t in the
llowing figures.

—
o

Non-inductive components
Resistance > 1 MQ and capacitance < 150 pF
Z(f) is the transfer impedance of the network, i.e. Vout/lin, for a current of frequency f.

o T o

Figure 17 — Example of a measuring device and its frequency characteristic$
(IEC 60601-1:2005+AMD1:2012, Figure 12)

b) Safety precautions during the test:

Usq normal laberatory safety PROCEDURES during this test.

c) Tegt sample preparation:

Plage ARPLIED PARTS, including PATIENT cords (when present) on an insulating surface with a
dielectric constant of approximately 1 (for example, expanded polystyrene). Position the

APPLUED RARTS npprnvimnl’oly 200 mm-above an earthed metal surface

Position the measuring supply circuit and the measuring circuit as far as possible away from
unscreened power source leads. Avoid placing the ME EQUIPMENT on or near a large earthed
metal surface.

If the test results for the APPLIED PARTS can depend upon how those parts are placed on the
insulating surface, repeat the test as needed to determine the worst possible positioning.

If an isolating transformer is not used for LEAKAGE CURRENT measurements (e.g. when
measuring LEAKAGE CURRENT for very high input power ME EQUIPMENT), connect the reference
earth of the measuring circuits to protective earth of the SuPPLY MAINS.
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13.4.7 EARTH LEAKAGE CURRENT (continued)

Standard(s): Subclause(s): 13.4.7 [EARTH LEAKAGE CURRENT
IEC 60601-1:2005+A1:2012 8.7.4.5

d) Test conditions:

ME EQUIPMENT specified for connection to a SUPPLY MAINS is connected to an appropriate power
source as shown in Figure 18. For single-phase ME EQUIPMENT, the polarity of the supply is
reversible and tests are conducted at both polarities.

Test the ME EQUIPMENT provided with a POWER SUPPLY CORD using this cord.

Test the ME EQUIPMENT provided with an APPLIANCE INLET while connected to the measuring
supp jrcuit via a DETACHABIE POWER PP ORD having a length o m or a lengih and
spelcified by the MANUFACTURER.

Tedt PERMANENTLY INSTALLED ME EQUIPMENT While connected to the measuring supply cirecuit Ry
the|shortest possible connection.

Thg measuring device should load the source of LEAKAGE CURRENT Or PATIENT AUXICJARY CURRENT
with a resistive impedance of approximately 1 kQ for d.c., a.c. and for composite/waveforms
with frequencies up to and including 1 MHz.

If significant currents or current components with frequencies exceeding tkHz are likely to
occur, measure these using other appropriate means such as a 1 kQmon-inductive resistor and
a sliitable measuring instrument.

Thg measuring instrument (voltmeter) is to have an input resistance of at least 1 MQ and input
caplacitance of no more than 150 pF. It should indicate the rue-f.m.s. value of the voltage,
being d.c., a.c. or a composite waveform having components with frequencies from 0,1 Hz up
to gnd including 1 MHz, with an indicating error not excéeding £+ 5 % of the indicated value.

Thg scale may indicate the current through the measuring device including automatic
evaluation of components with frequencies above 1"KHz.

Thgse requirements may be limited to a frequency range with an upper limit lower than 1 MHz
if itlcan be proven (for example, by the use_of an oscilloscope) that frequencies above such pn
upper limit do not occur in the measured current.

Thg only SINGLE FAULT CONDITION for the EARTH LEAKAGE CURRENT is the interruption of one
supply conductor at a time.

In the case of fiXED ME EQUIPMENT-that may have connections to earth through the building
strycture, the MANUFACTURER 'should specify a suitable test PROCEDURE and configuration for
measurement of EARTH LEAKAGE CURRENT.

[

Apply the values of the"EARTH LEAKAGE CURRENT in any combination of the following conditior]s:
— | At operating temperature following the humidity preconditioning treatment.
— |In NORMALLCIONDITION and in the SINGLE FAULT CONDITIONS specified.

— |With the~-MEe EQUIPMENT energized in stand-by condition and fully operating and with pny
switch'in the MAINS PART in any position.

— | With the highest RATED supply frequency.

With a supply equal to 110 % of the highest RATED MAINS VOLTAGE.
After any required sterilization PROCEDURE (see IEC 60601-1:2005+AMD1:2012, 11.6.7)

e) Test set-up and PROCEDURE:

If the ME EQUIPMENT has more than one PROTECTIVE EARTH CONDUCTOR (for example one
connected to the main ENCLOSURE and one to a separate power supply unit) then the current to
be measured is the aggregate current that would flow into the protective earthing system of the
installation.

Measure the LEAKAGE CURRENTS that can flow in a FUNCTIONAL EARTH CONDUCTOR in non-
PERMANENTLY INSTALLED ME EQUIPMENT.
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13.4.7 EARTH LEAKAGE CURRENT (continued)

Standard(s): Subclause(s): 13.4.7 EARTH LEAKAGE CURRENT
IEC 60601-1:2005+A1:2012 8.7.4.5
©O)
© T S5 P1
. =1 FO®
Mains
Y
—OJL‘—Q P1 L!J
S1 — L—
© = | = =08
S10 P4 !
o e Q e | OFE f
P1 :
MO —————( )e—toPE |
[
S P
=, O G J
= IEC

Key

Meas
S1 cl

S, of

ire in all possible combinations of positions of Sz, S, and_§,)with:
bsed (NORMAL CONDITION), and

en (SINGLE FAULT CONDITION).

Figure 18 — Measuring circuit‘for the EARTH LEAKAGE CURRENT
of CLASS | equipment;;with or without APPLIED PARTS

(IEG-60601-1:2005, Figure 13)
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13.4.7 EARTH LEAKAGE CURRENT (continued)

Standard(s): Subclause(s):

IEC 60601-1:2005+AMD1:2012 8.7.4.5

13.4.7 EARTH LEAKAGE CURRENT

f) Presentation of the test results:

TABLE: LEAKAGE CURRENT

Type of LEAKAGE CURRENT and test condition | Supply

(including single faults) voltage
\Y,

Supply
frequency
Hz

Measured
max. value
A

Remarks

(Re

Abhreviations suitable for the test report:

cord at least maximum measured value for each test and the spécific conditions of the tejst
circuit and equipment).

ER
EN

PM

PA

TC

- EARTH LEAKAGE CURRENT

- ENCLOSURE LEAKAGE CURRENT

P —|PATIENT LEAKAGE CURRENT

— PATIENT LEAKAGE CURRENT with mains on the

APPLIED PARTS

PSM — PATIENT LEAKAGE CURRENT with nrains on sip/sops

— PATIENT AUXILIARY CURRENT

MD |- Measuring device

- TouCcH CURRENT

TPUYC — Total PATIENT L-EAKAGE CURRENT

A — After humidity conditioning
B — Before humidity conditioning

1 — Switch closed or set to normalj

polarity

0 — Switch open or set to reversed

polarity

NC — NORMAL CONDITION

SFC — SINGLE FAULT CONDITION
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13.4.8 TOUCH CURRENT

Standard(s): Subclause(s): 13.4.8 TOUCH CURRENT
IEC 60601-1:2005 8.7.4.6

a) Equipment needed for the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 a)].

b) Safety precautions during the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 b)].

c) Test sample preparation:

See‘ EARTH LEAKAGE CURRENT Thnieasuremernt metnoa [test 1s.4.7 C)J.

d) Teslt conditions:

Seq EARTH LEAKAGE CURRENT measurement method [test 13.4.7 d)].

e) Tegt set-up and PROCEDURE:

1) |Measure with MD between earth and each part of the ENCLOSURE(S) thatjisinot
PROTECTIVELY EARTHED (see Figure 19).

2) |Measure with MD between parts of the ENCLOSURE(S) that are not.PROTECTIVELY EARTHED

3) |In the SINGLE FAULT CONDITION of interruption of any one PROTECTIVE EARTH CONDUCTOR,
measure with MD between earth and any part of the ENCLOSURE(S) that is normally
PROTECTIVELY EARTHED.

Do not make separate measurements from more than one part that is PROTECTIVELY
EARTHED.

4) [An INTERNALLY POWERED ME EQUIPMENT is only investigated for TOUCH CURRENT between
parts of the ENCLOSURE, not between the ENCLOSURE and earth.

5) |If the ME EQUIPMENT has an ENCLOSURE or a _part of the ENCLOSURE made of insulating
material, apply metal foil of maximum 20-cm x 10 cm in intimate contact with the
ENCLOSURE or relevant part of the ENCKOSURE. If the surface of the ENCLOSURE contacted |by
the PATIENT or OPERATOR is larger than 20 cm x 10 cm, increase the size of the foil to
correspond to the area of contaef:

Shift the metal foil, if possibl€,;to determine the highest value of the TOUCH CURRENT. Th¢
metal foil should not touch any metal parts of the ENCLOSURE that may be PROTECTIVELY
EARTHED. However, metal parts of the ENCLOSURE that are not PROTECTIVELY EARTHED can| be
covered partly or totally by the metal foil.

To measure the #6UCH CURRENT in the SINGLE FAULT CONDITION of interruption of a
PROTECTIVE EARTH/CONDUCTOR, arrange the metal foil to contact parts of the ENCLOSURE that
are normallysPROTECTIVELY EARTHED.

The above)apply also when measuring the TOUCH CURRENT between two pieces of metal ffoil
placed-on different parts of the DUT that may be contacted simultaneously.

6) |ME/EQUIPMENT with a SIGNAL INPUT/OUTPUT PART is, when required, additionally tested usipg
transformer To.

Set the voltage at the transformer T to 110 % of the MAXIMUM MAINS VOLTAGE. Before

applying the external voltage, identify the worst case pin configuration based on testing or
circuit analysis.
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13.4.8 TOUCH CURRENT (continued)

Standard(s): Subclause(s): 13.4.8 TOUCH CURRENT
IEC 60601-1:2005 8.7.4.6
T2 So
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O
O— ] O
= P1
o
A|—h
@ L3
© T S5 L e
Mains MD
oF
Sq L= ()
@ I S S T @
S10 P1 !
] ® O & — —[-OFE ’
[
57 P1 |
°* e ()e——+opE |
[
[
MD I
[
P |
e% O é ******* —
= IEQ
Kdy
Mgasure (with,§_"closed if CLASS | equipment) under all possible combinations of positions of S, S,
Sg, Sm, and 312.
S, open is SINGLE FAULT CONDITION.
Cyasswequipment only:

Measure with S open (SINGLE FAULT CONDITION) and with S, closed under all possible combinations
of Ss, Sg, S10 and 812.

For CLASS Il equipment, the PROTECTIVE EARTH CONNECTION and S, are not used.
Transformer T, is used if required.

Figure 19 — Measuring circuit for the TOUCH CURRENT

(IEC 60601-1:2005+AMD1:2012, Figure 14)

f) Presentation of the test results:

See EARTH LEAKAGE CURRENT [test 13.4.7 f)].



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

- 116 - IEC TR 62354 © IEC 2014

13.4.9 PATIENT LEAKAGE CURRENT

Standard(s): Subclause(s): 13.4.9 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005+AMD1:2012 8.7.4.7,7.8.4.9

a) Equipment needed for the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 a)].

b) Safety precautions during the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 b)].

c) Test sample preparation:

See‘ EARTH LEAKAGE CURRENT Thnieasuremernt metnoa [test 1s.4.7 C)J.

d) Teslt conditions:

Se

€ EARTH LEAKAGE CURRENT measurement method [test 13.4.7 d)].

e) Test set-up and PROCEDURE:

1)

2)

4)

Place an ENCLOSURE, other than an APPLIED PART, made of insulating material in any
position of NORMAL USE upon a flat metal surface that is connected to.earth with dimensipns
at least equal to the plane-projection of the ENCLOSURE.

Use metal foil to test an APPLIED PART consisting of a surface made of insulating material.
Alternatively, immerse the APPLIED PART in a 0,9 % saline solution.

If the surface of the APPLIED PART contacted by the PATIENT(i8 larger than 20 cm x 10 cm
increase the size of the foil to correspond to the area of«ontact.

Treat this metal foil or saline solution as the only PATIENT CONNECTION for the APPLIED PART.

If the PATIENT CONNECTION is formed by a fluid which contacts the PATIENT, replace the fl{id
with a 0,9 % saline solution. Place an electrodéenin the saline solution. Treat this electrode
as the PATIENT CONNECTION for the APPLIED PART.

Measure the PATIENT LEAKAGE CURRENT (see Figure 20):

— for TYPE B APPLIED PARTS from all\RATIENT CONNECTIONS connected directly together, and
for TYPE BF APPLIED PARTS, from and to all PATIENT CONNECTIONS of a single function,
either connected directly together or loaded as in NORMAL USE;

— for TYPE CF APPLIED PARTS, from and to every PATIENT CONNECTION in turn.

If the instructions for use\specifies alternatives for a detachable part of the APPLIED PART
(for example, PATIENTWleads and electrodes), measure the PATIENT LEAKAGE CURRENT with
the least favourable'specified detachable part.

Measure the total PATIENT LEAKAGE CURRENT from and to all PATIENT CONNECTIONS of all
APPLIED PARTS\of the same type (TYPE B APPLIED PARTS, TYPE BF APPLIED PARTS Or TYPE CF
APPLIED PARIS) connected together (see Figure 21).

NOTE «Measurement of TOTAL PATIENT LEAKAGE CURRENT of TYPE B APPLIED PARTS is only necessqdry
if theresare two or more PATIENT CONNECTIONS that belong to different functions and that are not
electrically connected directly together.

|[f'necessary, disconnect a functional earth before conducting this test
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13.4.9 PATIENT LEAKAGE CURRENT (continued)

Standard(s): Subclause(s): 13.4.9 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005+AMD1:2012 8.7.4.7,8.7.4.9

6) If loading of the PATIENT CONNECTIONS of the APPLIED PART is specified by the MANUFACTURER,
connect the MD to each PATIENT CONNECTION in turn with the load in place.

7) ME EQUIPMENT with multiple PATIENT CONNECTIONS is investigated to ensure that the PATIENT
LEAKAGE CURRENT and the PATIENT AUXILIARY CURRENT do not exceed the allowable values for
NORMAL CONDITION while one or more PATIENT CONNECTIONS are:

— disconnected from the PATIENT; and

— disconnected from the PATIENT and earthed

Testing is performed if an examination of the ME EQUIPMENT circuit indicates that the
PATIENT LEAKAGE CURRENT or the PATIENT AUXILIARY CURRENT can increase to excessive leyels

under the above conditions. Limit the actual measurements to a representative number pf
combinations.

@

@ T1 S5

Mains

d N —o PE
P1 ®
MD L4
S
T2,

IEC
Key

Measpre (with S, closed if CLASS | ME EQUIPMENT) under all possible combinations of positions of S,|S,,
Sipapd Sy,

S, opEn is SINGLE\RFAULT CONDITION.

CLAS$ | MEFEQUIPMENT only:

Measpréwith S, open (SINGLE FAULT CONDITION) and with S, closed under all possible combinations of|S

51
S, am=S73-

For CLASS Il ME EQUIPMENT, the PROTECTIVE EARTH CONNECTION and S7 are not used.

Figure 20 — Measuring circuit for the PATIENT LEAKAGE CURRENT
from the PATIENT CONNECTION to earth

(IEC 60601-1:2005+AMD1:2012, Figure 15)
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13.4.9 PATIENT LEAKAGE CURRENT (continued)

Standard(s): Subclause(s): 13.4.9 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005+AMD1:2012 8.7.4.7
See Figure 17
P1
N
@op I—l ®
[ F |=
(©) T ——_Ss Pr | J_ ~
T D I TYPE CF
APPLIED PART
Mpins C I @
\% V4 TYPE CF
D :l: APPLIED PART
T
S
@ ! D I TYPE BF
APPLIED PART
S10 P1
(OeHore T @
S TYPE BF
U O L% PE D I APPLIED PART
= Q
I I APPLIED PART
9,
I > ®
APPLIED,PART
T O
w Q)
P
— v ) :
These connections will
depend on the measurement P4
being made. MD —(
See Figure 15 through |

Figure 18 (inclusive)

IEC

Kgy
Fdr the position of S, 83,°S; and S, see Figure 15, Figure 16, Figure 17 or Figure 18 in
IEC 60601-1:2005.

Figure 21 — Measuring circuit for the total PATIENT LEAKAGE CURRENT with all PATIENT
CONNECTIONS of all APPLIED PARTS of the same type (TYPE B APPLIED PARTS, TYPE BF
APPLIED PARTS or TYPE CF APPLIED PARTS) connected together

(IEC 60601-1:2005+AMD1:2012, Figure 20)

f) Presentation of the test results:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 f)].
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13.4.10 PATIENT LEAKAGE CURRENT with mains on F-TYPE APPLIED PART

Standard(s): Subclause(s): 13.4.10 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005 8.7.4.7 b) with mains on F-TYPE APPLIED PART

a) Equipment needed for the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 a)].

b) Safety precautions during the test:

S

ee EARTH LEAKAGE CURRENT measurement method [test 13.4.7 b)].

c) Test sample preparation:

S

e&‘ EARTH LEAKAGE CURRENT Thnieasuremernt metnoa [test 1s.4.7 C)J.

d) Teslt conditions:

Seq EARTH LEAKAGE CURRENT measurement method [test 13.4.7 d)].

S

INGLE FAULT CONDITION: 110 % of MAXIMUM MAINS VOLTAGE ON F-TYPE APPLIED PART

e) Tegt set-up and PROCEDURE:

1) |Test ME EQUIPMENT WITH AN F-TYPE APPLIED PART with mains on the APPKIED PART

Thi$ test need not be conducted if it can be demonstrated that there is adequate separation
the|parts involved.

(see Figure 22):

— Connect SIGNAL INPUT/OUTPUT PARTS to earth, if not already peérmanently earthed in
ME EQUIPMENT.

- Set the voltage at the transformer T, to 110 % of the MAXIMUM MAINS VOLTAGE.

For this measurement, connect non-PROTECTIVELY EARTHED metal ACCESSIBLE PARTS
including PATIENT CONECTIONS of other APPLIED PARTS (if present) to earth.

ME EQUIPMENT with a PATIENT CONNECTION of a TYPE B APPLIED PART that is not PROTECTIVE
EARTHED Or a TYPE BF APPLIED PART and with metal ACCESSIBLE PARTS that are not
PROTECTIVELY EARTHED is additionally tested using the measuring circuit in Figure 23.

Set the voltage at the transformer T, t9,110 % of the MAXIMUM MAINS VOLTAGE.

the

LY
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13.4.10 PATIENT LEAKAGE CURRENT with mains on F-TYPE APPLIED PART (continued)

Kdy

Mgasure (with S, closed;\if CLASS | ME EQUIPMENT) WITH S, closed under all possible combinations of

Standard(s): Subclause(s): 13.4.10 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005 8.7.4.7 b) with mains on F-TYPE APPLIED PART
h\CD ®
(© T S5 P4 1T
. = O®
Mains
V) vy
P1 1 J_
© S, ool g @
S10 P1 [Iﬁj\«@
o o (He—{ore =
= 1
eﬂe O':L—OPE [I \‘7®
=
SEEE
L(N)
P
© 2 MD {)L
Mains
V2
N(L)

pasitions of S, S, S10 and S,.

Fgr CLASS Il ME_EQUIPMENT, the PROTECTIVE EARTH CONNECTION and 55 are not used.

Figure 22 — Measuring circuit for the PATIENT LEAKAGE CURRENT via
the PATIENT CONNECTION(S) of an F-TYPE APPLIED PART to earth caused
by an external voltage on the PATIENT CONNECTION(S)

IEC

(IEC 60601-1:2005+AMD1:2012, Figure 16)
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13.4.10 PATIENT LEAKAGE CURRENT with mains on F-TYPE APPLIED PART (continued)

Standard(s): Subclause(s): 13.4.10 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005 8.7.4.7 b) with mains on F-TYPE APPLIED PART
T2 Sg
Mains
V2

©
f”——f

\ @
©)
@ T S5
Mains
V1
© S, | .
J2e, N (P
e& O Lw PE
MD &

— IEC

Kdy
Mgasure with S, closed (and with S, closed, if CLASS | ME EQUIPMENT) under all possible
combinations of positions’ of Ss, S9 and 510-

Fdr CLASS Il ME EQUIPMENT, the PROTECTIVE EARTH CONNECTION and S7 are not used.

Figure 23 — Measuring circuit for the PATIENT LEAKAGE CURRENT
from PATIENT CONNECTION(S) to earth caused by an external voltage
on a metal ACCESSIBLE PART that is not PROTECTIVELY EARTHED

(EC 60601-1:2005+AMD1:2012 Figure 18)

f) Presentation of the test results:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 f)].
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13.4.11 PATIENT LEAKAGE CURRENT with mains on SIP/soP

Standard(s): Subclause(s): 13.4.11 PATIENT LEAKAGE CURRENT
ith mai SIP/SOP
IEC 60601-1:2005 8.7.4.7 c) with mains on

a) Equipment needed for the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 a)].

b) Safety precautions during the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 b)].

c) Test sample preparation:

S [doct 412 A4 7 ~\]
e Htest43-4—+7e)

d) TeJt conditions:
Seq EARTH LEAKAGE CURRENT measurement method [test 13.4.7 d)].

SINGLE FAULT CONDITION: 110 % of MAXIMUM MAINS VOLTAGE oOn a SIGNAL INPUT/OUTPUT PART

e) Test set-up and PROCEDURE:

WhENn ACCOMPANYING DOCUMENTS place no restrictions on other equipment which may be
connected to the DUT (ME EQUIPMENT), and the DUT has sIP/sopPs, test‘the device with the
MAXIMUM MAINS VOLTAGE on the sIP/sOP (see Figure 24).

Set|the voltage at the transformer T, to 110 % of the MAXIMUM MAINS’VOLTAGE. Before applyin

thelexternal voltage, identify the worst case pin configuration based on testing or circuit
andlysis.

«Q
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13.4.11 PATIENT LEAKAGE CURRENT with mains on SIP/SOP (continued)

Standard(s): Subclause(s): 13.4.11 PATIENT LEAKAGE CURRENT
IEC 60601-1:2005 8.7.4.7 c) with mains on sip/sop

@ T2 Sg
Mains

or
©

% P1
O
I
@] = |
(© T Ss
. @

Mains

or
© ©

P4

. . e — —[OFE
S7 P

o e O ! o PE
P1
" Of

S

T2

Kdy

Mgasure (with S, closed,)if CLASS | ME EQUIPMENT) under all possible combinations of positions of S,
& Sg» Sypand S5 (Sopen is SINGLE FAULT CONDITION).

S
CUASS | ME EQUIPMENT only:

Mgasure with. 87 open (SINGLE FAULT CONDITION) and with S, closed under all possible combinations

of Ss, Sg, S10 and 813.

FQr CLASS)Ii ME EQUIPMENT, the PROTECTIVE EARTH CONNECTION and 57 are not used.

& 21 ina_cireuit for i :

IEC

CONNECTION(S) to earth caused by an external voltage on a SIGNAL INPUT/OUTPUT PART

(IEC 60601-1:2005+AMD1:2012, Figure

17)

f) Presentation of the test results:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 f)].
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13.4.12 PATIENT AUXILIARY CURRENT

Standard(s):
IEC 60601-1:2005

Subclause(s):
8.7.4.8

13.4.12 PATIENT AUXILIARY CURRENT

a) Equipment needed for the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 a)].

b) Safety precautions during the test:

See EARTH LEAKAGE CURRENT measurement method [test 13.4.7 b)].

c) Test sample preparation:

See' EARTH LEAKAGE CURRENT Tneasuremernt metnoda ftest 1s.4.7 C)].

d) Teslt conditions:

Seq EARTH LEAKAGE CURRENT measurement method test 13.4.7 d)].

e) Tejt set-up and PROCEDURE:
Te

Measure the PATIENT AUXILIARY CURRENT between any single PATIENT CONNECTION and all othef
PATJENT CONNECTIONS, either connected directly together or loaded as_specified by the

MANUFACTURER.

Measure PATIENT AUXILIARY CURRENT as NORMAL CONDITION valués) while one or more PATIENT

CONNECTIONS are:

— |disconnected from the PATIENT; and

t ME EQUIPMENT with an APPLIED PART according to Figure 25, using an appropriate
measuring supply circuit unless the ME EQUIPMENT has only a single PATIENT CONNECTION.

— |disconnected from the PATIENT and earthed.

Onlly perform this test if examination of the DUT circuit indicates that the PATIENT AUXILIARY
CURRENT can increase to excessive levels under the above conditions. Limit actual
measurements to a representative number of\combinations.
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13.4.12 PATIENT AUXILIARY CURRENT (continued)

K4
M4
S
S,
Cy
Mg
of

Fd

5

Standard(s): Subclause(s): 13.4.12 PATIENT AUXILIARY CURRENT
IEC 60601-1:2005 8.7.4.8
S5 P11 1 @
MD
(v
S1 M\._< ) oL -
P . T T @
S10 P
40\0—0 e —© FE
S P
=\7= 001—40 PE
= IEC
y
asure (with S, closed if CLASS | ME EQUIPMENT) under all possible combjnations of positions of S,

, and 310-
open is SINGLE FAULT CONDITION.

ASS | ME EQUIPMENT only:
asure with S, open (SINGLE FAULT CONDITION) and with,§, elosed under all possible combinations
positions of Sg, and S .

r CLASS Il ME EQUIPMENT, the PROTECTIVE EARTH CONNECTION and S7 are not used.

Figure 25 — Measuring circuit for the PATIENT AUXILIARY CURRENT
(IEC 60601-1;2005+AMD1:2012, Figure 19)

Sesq

f) Presentation of the test results:

EARTH LEAKAGE CURRENT measurement method [test 13.4.7 f)].
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13.4.13 WORKING VOLTAGE measurement

Standard(s): Subclause(s): 13.4.13 WORKING VOLTAGE
IEC 60601-1:2005 8.5.4, 8.10.4.1 measurement

a) Equipment needed for the test:
1) Digital storage scope
2) True r.m.s voltmeter
3) Variable power source

4) Oscilloscope

b) Safgtyprecautionsduringthetest:

Usq normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:
Ong representative test sample.

Malke the relevant supply circuit available (see Annex D).

d) Tegt conditions:
Trept unearthed accessible conductive parts as if they are earthed.

If ajtransformer winding or other part is floating (it is not connectéd\to a circuit which
establishes its potential relative to earth), assume that winding-or other part is earthed at the¢
point where the highest wORKING VOLTAGE is obtained.

Forlinsulation between two transformer windings, use the‘highest voltage between any two
poifts in the two windings, taking into account external voltages to which the windings are
connected.

Forlinsulation between a transformer winding and’another part, use the highest voltage
betyveen any point on the winding and the otherpart.

WhEre DOUBLE INSULATION is used, determine the wORKING VOLTAGE across the BAsIC INSULATION by
imalgining a short circuit across the suPPLEMENTARY INSULATION, and vice versa. For DOUBLE
INSULATION between transformer windings, assume the short circuit takes place at the point
where the highest WoRKING VOLTAGE, is\produced in the other insulation.

WhEn the WORKING VOLTAGE is determined by measurement, the input power supplied to the QUT
should be at the RATED voltage_or the voltage within the RATED voltage range which results in the
highest measured value.

Asqume that the woRKING'VOLTAGE between any point in the primary circuit and earth, and
betyveen any point in the primary circuit and a secoNDARY cIRcUIT, is the greater of the following:

— |the RATED veltage or the upper voltage of the RATED voltage range; and

— |the measured voltage.

If s{arting pulses are used to ignite discharge lamps, the PEAK WORKING VOLTAGE is the peak v3lue
of thepulses with the lamp connected but before the lamp ignites. The r.m.s. WORKING VOLTAGE
to determine minimum CREEPAGE DISTANCES is the voltage measured after the ignition of the
lamp.

Use the measured r.m.s. value for all waveforms.

Do not consider non-repetitive transients (due, for example, to atmospheric disturbances).

NOTE The resultant r.m.s. value of a waveform having an a.c. r.m.s. voltage "A" and a d.c. offset voltage
"B" is given by the following formula:

r.m.s. value = (A, + B, ) 1/2
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13.4.13 WORKING VOLTAGE measurement (continued)

Standard(s): Subclause(s): 13.4.13 WORKING VOLTAGE

IEC 60601-1:2005 8.5.4, 8.10.4.1 measurement

Det

Because the minimum AIR CLEARANCES and electric strength test voltages depend on PEAK
WORKING VOLTAGES, when determining these voltages, use the measured peak value for all
waveforms including the peak value of any ripple (up to 10 %) on a d.c. voltage.

ermine the WORKING VOLTAGE for each MEANS OF PROTECTION as follows.

For d.c. voltages with superimposed ripple, the WORKING VOLTAGE is the average value (if
the peak-to-peak ripple does not exceed 10 % of the average value) or the peak voltage (if

the peak-to-peak ripple exceeds 10 % of the average value.)

The WORKING VOLTAGE for each MEANS OF PROTECTION forming DOUBLE INSULATION i$
voltage to which the DOUBLE INSULATION as a whole is subjected.

in which the PATIENT is earthed (intentionally or accidentally) is regarded~ds a NOR
CONDITION.

The WORKING VOLTAGE between the PATIENT CONNECTION(S) of an F-TYPE/APPLIED PART
the ENCLOSURE is the highest voltage appearing across the insudation in NORMAL
including earthing of any part of the APPLIED PART.

For DEFIBRILLATION-PROOF APPLIED PARTS, determine the WORKING VOLTAGE without regar
the possible presence of defibrillation voltages.

In the case of motors provided with capacitors whefe a resonance voltage may o(
between the point where a winding and a capacitor_are connected together on the
hand and any terminal for external conductors on the other hand, the WORKING VOLTAG
equal to the resonance voltage.

the

For WORKING VOLTAGE involving a PATIENT CONNECTION not connected to earth,the”situation

AL

Bnd
USE

j to

cur
bne
E is

1)
2)

e) Test set-up and PROCEDURE:

Operate the DUT at RATED voltage or at the-upper limit of the RATED voltage range.

Connect a voltmeter and/or oscilloscope at the indicated location and measure and reco
the maximum voltage in the circuit.

rd

Theg
vol

f) Presentation of the test results:

DUT is connected to __ Vac.,_ Hzord.c. and operated normally. WORKIN
TAGES between the following points are recorded.

0]

TABLE: WORKING VOLTAGE

Measuring points Measured voltage

From To V, r.m.s. V, pedk
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13.4.14 Sound pressure level measurements

IEC 60601-1:2005+AMD1:2012 9.6.2.1

Standard(s): Subclause(s): 13.4.14 Sound pressure level
measurement

a) Equipment needed for the test:

1)
2)

Semi-reverberant test room

Sound level meter conforming to IEC 61672-1 and IEC 61672-2, A-weighted, 60 dB —
150 dB range

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Te
On

t sample preparation:

representative test sample.

d) Te

En
SO

Opg¢rate the DUT under worst-case NORMAL CONDITION.

t conditions:

ure that any protective means described in ACCOMPANYING DOCUMENTS is inplace during
nd measurements.

e) Teslt set-up and PROCEDURE:

1)
2)

3)

Operate the DUT at RATED voltage or at the upper limit of the RATED voltage range.

Position the DUT in the semi-reverberant test room, with,a hard reflecting floor, at a
position at least 3 m from any wall or any other object within the room. With all covers irn
place and in the closed position, operate the DUT dndér the maximum normal load
conditions. When sound measurements in a test xoom are not feasible, measurements may
be done in situ (e.g. for a large permanently installed ME EQUIPMENT).

During these operating modes, record the sotund pressure measurements, above
background, at both the OPERATOR'S normal-position, relative to the DUT, and at a minimum
distance of the PATIENT from any position of the DUT.

f) PrIentation of the test results:

Re

renced background sound pressure measurement = dBA

TABLE: Maximum sound pressure

Operating mode Maximum sound measured Maximum sound
from OPERATOR’S normal measured 1 m from any
position position of DUT

dBA dBA
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13.4.15 Hydrostatic pressure

IEC 60601-1:2005 9.7.5

Standard(s): Subclause: 13.4.15 Hydrostatic pressure

a) Equipment needed for the test:
1) Hydraulic pressure pump.
2) Calibrated hydraulic gauge (Pa)
3) Necessary hydraulic fluid

If unmarked pressure vessels and pipes cannot be hydraulically tested, substitute pneumatic

pregsure eauinment-and nneumatic-media
e P i

b) Safpty precautions during the test:

Useg normal laboratory safety PROCEDURES during this test. This test places parts under
pndumatic pressure. Ensure that proper guards are in place to protect the OPERATOR from arn
possible burst.

c) Teslt sample preparation:

Adgpt the pressure pump and gauge to the vessel to be tested.

d) Tegt conditions:

Perform this test if the vessel is subjected to a hydraulic pressure multiplied by volume
grefpter than 200 kPa - | and to a pneumatic pressure greater than 50 kPa.

e) Test set-up and PROCEDURE:

Grafually raise the vessel's HYDRAULIC TEST PRESSURE to the MAXIMUM PERMISSIBLE WORKING PRESSURE
mulfiplied by a factor obtained from the Figure 26, and maintain that pressure for 1 min.

If upmarked pressure vessels or parts cannot be hydraulically tested, verify integrity by other suitable
testp, e.g. pneumatic using suitable media at the same‘test pressure as for the hydraulic test.

test|pressure or less than the MAXIMUM PERMISSIBLE WORKING PRESSURE, whichever is greater.

Leakage is not allowed for pressure vessels intended for toxic, flammable or other dangerous substan

3,5

Multiplication factor

MAXIMUM PERMISSIBLE WORKING PRESSURE

IEC

Figure 26 — Ratio between hydraulic test pressure
and maximum permissible working pressure

(IEC 60601-1:2005, Figure 32)

Leaks at gaskets are considered to be a failure ifithey occur at a pressure less than 40 % of the requirgd
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13.4.15 Hydrostatic pressure (continued)

Standard(s):
IEC 60601-1:2005

Subclause:
9.7.5

13.4.15 Hydrostatic pressure

f) Presentation of the test results:

TABLE: Hydrostatic pressure
Description| Hydraulic | MAximum | Volume |[Multiplication|Calculated| 40 % of |Remark
of vessel or PERMISSIBLE of factor test calculate
or part |pneumatic| WORKING vessel pressure d test
tested test PRESSURE | or part pressure
H/P ]
Thg DUT did not burst/burst.

Thgre was/was no permanent deformation of the polymeérie parts of the system.

Theg

DUT did not leak/leaked.
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13.4.16 X-radiation (ionizing radiation) measurement

Standard(s): Subclause(s): 13.4.16 X- radiation (ionizing
IEC 60601-1:2005+AMD1:2012 10.1 radiation) measurement

a) Equipment needed for the test:

1) Integrated radiation meter suitable for the energy of the emitted radiation or a radiation

monitor of the ionizing chamber type with an effective area of 10 cm?2.

b) Safety precautions during the test:

Special safety PROCEDURES for working in an X-ray environment.

c) Test sample preparation:

Ong¢ representative test sample.

Thi$ test applies to ME EQUIPMENT not intended to produce X-radiation for diagnostic or
thefapeutic purposes that uses vacuum tubes excited by voltages exceeding 5 kV.

d) Tegt conditions:

Engure that any protective means described in the ACCOMPANYING DOCUMENTS are in place

dur|ng X-radiation measurement.

Opg¢rate the DUT under worst-case NORMAL CONDITION

Thg ENCLOSURE is complete except for OPERATOR removable partsithat were not interlocked.

Adjpst all oPERATOR and servicing controls for maximum X-radiation without impairing
performance.

e) Tegt set-up and PROCEDURE:

1) |Operate the DUT at the most unfavourable RATEDyMAINS VOLTAGE.

2) |Using a radiation meter (the detector having @n entry window with an area of approximagely

OPERATORS other than SERVICE PERSONNEL:
— can gain access without the use of a TooL; or
— are deliberately provided.with the means of access; or

10 cm?), make the X-radiation measurements (1 h averaged over any area of 10 cm? of
which no linear dimension exceeds 5 cm) at a distance of 5 cm from any surface to whigh

— are instructed to entersregardless of whether or not a TooL is needed to gain access|.

f) Presentation of the test results:

Thg maximum X-radiation®*was/was not less than 5 uGy/h adjusted for the level of backgropnd

rad|ation.

Thg actual maximum X-radiationwas __ uGy/h.

TABLE: X-radiation

Measured
radiation
Part under test Test condition :_l(?.\]/lh Remarks



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

-132 - IEC TR 62354 © IEC 2014

13.4.17 Normal heating

Standard(s): Subclause(s): 13.4.17 Normal heating
IEC 60601-1:2005 1.1

a) Equipment needed for the test:
1) Temperature recorder
2) No. 30 AWG welded thermocouples compatible with the temperature recorder
3) Voltmeter

4) A dull black test corner with linear dimensions at least 115 % of the linear dimensions of
the DUT

5) |Adjustable regulated a.c. supply or other similar voltage and frequency source
depending on the input RATING of equipment

6) |Load resistors and/or optional ACCESSORIES

7) |Ohmmeter

8) [Material for fixing thermocouples (i.e. Loctite®%) 416, 417; tape)
9) |Watch or any means to measure time

10)|Any means to verify frequency

b) Safpty precautions during the test:
Suifable fire extinguisher
Usd normal laboratory safety PROCEDURES during this test:

WhEn connecting thermocouples and conducting the.test, be careful when placing parts due|to
hazardous voltages. Also, consider the effects of voltage and frequency on the measurement
deVfice in regards to thermocouple placement.

c) Tegt sample preparation:

Ong representative sample of the DUT and-all optional ACCESSORIES and PATIENT APPLIED PARTS
applied in such a way to enable maximum loading possible in NORMAL USE but with
conlsideration of the specifications in\the ACCOMPANYING DOCUMENTS.

d) Test conditions:

posmoned that they have a negllglble effect on the temperature of the part under test.

Determine the temperature of electrical insulation, other than that of windings, on the surface
of the insulation at places where failure could cause:

— a short circuit,
— bridging of a MEANS OF PROTECTION,
— bridging of insulation, or

— reduction of CREEPAGE DISTANCES or AIR CLEARANCES below the values specified for the
insulation type.

5 Loctite® is the trade name of a product supplied by Henkel Corporation. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the product named.
Equivalent products may be used if they can be shown to lead to the same results.”
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13.4.17 Normal heating (continued)

Standard(s): Subclause(s): 13.4.17 Normal heating
IEC 60601-1:2005 1.1

Examples of places where temperatures might be measured include the point of separation of
cores of a multicore cord and where insulated wires enter lamp holders.

Suspend a HAND-HELD DUT in its normal position in still air.

A DUT intended for installation in a cabinet or wall is built in as required by technical
description, using dull black painted plywood walls, 10 mm thick when representing cabinet
walls if the technical description so specifies and 20 mm thick when representing building
walls.

Opg¢rate a DUT having heating elements as in NORMAL USE with all heating elements energizéd,
unlgss prevented by switching interlocks, at a supply voltage equal to 110 % of the maximur
RATED voltage.

=)

Opgrate a motor-operated DUT under normal load and normal buTYy cYycLE at thedeast
favpurable voltage between 90 % of the minimum RATED voltage and 110 % of.the“maximum
RATED voltage.

Tedt combined heating and motor operated and other ME EQUIPMENT at 310-% of the maximum
RATED voltage and at 90 % of the minimum RATED voltage.

WhEn modules are tested separately, the testing configuration shauld’simulate the worst-cage
conlditions of NORMAL USE that might affect the test result.

Forlan acceptable use of thermocouples, refer to Annex N.

e) TeJt set-up and PROCEDURE:

1) |Operate the DUT in standby/quiescent mode untikFHERMAL STABILITY is reached. Then
operate the DUT in NORMAL USE consecutive cyeles until THERMAL STABILITY is again
achieved, or for 7 h, whichever is shorter. Base the loading on the MANUFACTURER’S
recommendations according to the ACCOMRANYING DOCUMENTS. The on and off periods fof
each cycle are the RATED on and off periods according to the MANUFACTURER’S
ACCOMPANYING DOCUMENTS.

2) | The preferred temperature method\for windings is the resistance method. The value of
temperature rise of a copper winding is calculated from the formula:

AT = Ry — R4/Ry x (234,5 x:) — (T — T4)
Where:

AT is the temperature'rise in °C;
R4 is the resistanee at the beginning of the test in Q;

R, is the resistance at the end of the test in Q;
T, is thieyroom temperature at the beginning of the test in °C;

T, (isithe room temperature at the end of the test in °C.

At'the beginning of the test, windings are at room temperature.

Take the resistance measurement as soon as possible after switching off and then
periodically thereafter so that a curve of resistance against time can be plotted to
determine the value at the instant of switching off.

3) Determine the maximum temperature by making the measurement, calculating the
temperature rise and adding it to the maximum permissible ambient temperature. When
thermal regulating devices make this method inappropriate, justify alternative methods for
measurements in the RISK MANAGEMENT FILE.

In some situations, it is preferable to make the measurements at the maximum permissible
ambient temperature such that no calculation is necessary.

When the resistance method is impractical to be used, the thermocouples are
recommended.
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13.4.17 Normal heating (continued)

Standard(s): Subclause(s): 13.4.17 Normal heating
IEC 60601-1:2005 1.1

f) Presentation of the test results:

TABLE: Normal temperature

Supply voltage: Test condition:
Ambient temperature: Duration of test:
°C
Measuring location Measured Remarks
temperatur
e
°C

COR - indicates measurements taken using change-of-resistance method

During the test THERMAL cuT-oUTS did not operate/operated:

Sedling or potting compound did not flow out/flowed out:

TABLE: Temperature by change af.resistance (COR) method

\Einding T R, T, R, AT T=T*+AT
designation °C Q °C Q °C °C Remarks
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13.4.18 Operation to a specified temperature

IEC 60601-1:2005+AMD1:2012 5.3

Standard(s): Subclause(s): 13.4.18 Operation to a specified

temperature

a) Equipment needed for the test:

1)
2)

Temperature probe

Environmental chamber

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Tegtsampte preparation:

For|the INTENDED USE in NORMAL CONDITION.

d) Test conditions:

1)

2)

IEC 60601-1:1988
— Temperature between +10 °C and +40 °C

—  Humidity between 30 % and 75 %
— Atmospheric pressure between 700 hPa and 1 060 hPa
— Temperature of water at inlet of water cooled equipment.not-exceeding 25 °C

IEC 60601-1:2005
— Environmental conditions as specified by the MANUFACTURER

Furfher test conditions as specified in the relevant clauses.

e) Test set-up and PROCEDURE:

1)

IEC 60601-1:1988

Carry out all tests, of which the test resilts depend on the maximum allowable ambient
temperature (Clause 42 — Excessive t€mperatures and Clause 52 — Abnormal
operation and fault conditions) eithér*at the maximum allowable temperature specified
by the MANUFACTURER (at 40 °C if not specified), or compensate for the temperatures,
measured at an ambient temperature within the specified range, by calculation to the
highest ambient temperature.

IEC 60601-1:2005+AMD1:2012

Carry out all tests, of which the test results depend on the maximum allowable ambient
temperature, gither at the maximum allowable temperature specified by the MANUFACTUR
or compensate for the temperatures, measured at an ambient temperature within the
specified_fange, by calculation to the highest ambient temperature.

f) Presentationof the test results:

Doqument’'the ambient temperature, at which the tests were carried out for all relevant test
clayses” As far as applicable, measured values are compensated either to the highest ambig
temperature stated by the MANUFACTURER or to 40 °C.
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13.4.19 Identification of source of ignition

Standard(s): Subclause(s): 13.4.19 Identification of source
IEC 60601-1:2005 11.2.2.1 of ignition

a) Equipment needed for the test:

1) Spark ignition test apparatus in Figure 27

N

Oxygen source

A W

Ammeter

)
)
) Voltmeter
)
)

O

WY L "
vUItaytT SUUTLC/LUTTTTIL SUUTLT

D 02
m
Pin 1 Pin 2
3 mm diameter 1 mm diameter
material material

V
— =

“ ‘ LJ m
r% %\\rﬁj\ Cottoh Movg handle repetitivgly
making contact betweg¢n

Pins 1 and 2

*) =)

IEC

Figure 27, —Spark ignition test apparatus
(IEC 60601-1:2005, Figure 34)

b) Safety precautions during the test:

Spqcial safety PROCEDURES for working in an OXYGEN RICH ENVIRONMENT.

c) Tegt sample preparation:

Thi$ test determings whether a source of ignition exists.
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13.4.19 Identification of source of ignition (continued)

Standard(s): Subclause(s): 13.4.19 Identification of source
IEC 60601-1:2005 11.2.2.1 of ignition

d) Test conditions:
For this test, use material sample for which a source of ignition exists.

Consider the most unfavorable test conditions (oxygen concentration, electrical parameters, etc.) for the
ME EQUIPMENT.

SINGLE FAULT CONDITIONS related to OXYGEN RICH ENVIRONMENTS in conjunction with ME EQUIPMENT
include the following:

Failure of a ventilation system.
Failure of a barrier.
Failure of a component that creates a source of ignition.

Failure of insulation (whether solid material or spacing) providing the equivalent of at legst
one MEANS OF PATIENT PROTECTION but less than two MEANS OF PATIENT PROTECTION that cquld
create a source of ignition.

Failure of a pneumatic component that results in leakage of oxygensetriched gas.

1)

6)

8)

9)

e) Test set-up and PROCEDURE:

Place two contact pins made of the material to be considered"in¥opposition (see Figure 27).
One pin has a diameter of 1 mm, the other a diameter of 3rmim.

Connect the electrical source to the pins as shown in/igure 28 to Figure 29.

Place a piece of cotton close to the contact surfaces. of the two pins. Constantly flush th
contacts with oxygen at a speed of less than 0,5m/s via a tube. Move the cathode to thg
anode to close the contacts and pull it back to open them again.

D

Perform at least 300 trials before deciding:that the sparks do not trigger ignition.

If the sparks get smaller because of badisurfaces of the electrodes, clean the electrodeq
with a file. Replace the cotton if it gets-black because of oxidization.

In Figure 29 and Figure 30, choose\the resistance used to control current flowing into the
inductor and the time constant(for charging the capacitor so that it has minimal impact o]
the energy of the spark. Verify this by visual inspection without the capacitor in place or
with the inductor shorted(

]

Check by inspection of the ‘design and measurement or calculation of power, energy and
temperature values/in\NORMAL CONDITION and SINGLE FAULT CONDITION if the electrical compongnts
in a compartment'wijth an OXYGEN RICH ENVIRONMENT have power supplies with limited energy
levels.

Measure _the-0xygen concentration long enough to ensure that the highest possible
concentration of oxygen occurs. Select the least favourable control settings. Select the
leaking-conditions of oxygen to provide the minimum leak that the OPERATOR might deteq
(esgv.because of a failure of the function of the device). An oxygen concentration greate
than 25 % in the presence of parts or components that could be a source of ignition,

—

Including at the moment energy IS applied, constitutes a railure.

Check by inspection of the documentation provided by the MANUFACTURER including the RISK
MANAGEMENT FILE if a compartment that contains parts or components that can be a source
of ignition under a SINGLE FAULT CONDITION is separated from another compartment that
contains an OXYGEN RICH ENVIRONMENT by sealing all joints and any holes for cables, shafts
or for other purpose.

Only check if ignition occurs under SINGLE FAULT CONDITIONS within the ENCLOSURE, the fire
self-extinguishes rapidly and no hazardous amount of toxic gases would reach the PATIENT.
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13.4.19 Identification of source of ignition (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):
11.2.2.1

13.4.19 Identification of source
of ignition
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Resistive load
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iqure 28 — Maximum allowable current I as a function of the maximum allowable
vpltage U measured in a purely resistive circit in an OXYGEN RICH ENVIRONMENT

(IEC 60601-1:2005; Figure 35)
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Figure 29 — Maximum allowable voltage U as a function of the capacitance C
measured in a capacitive circuit used in an OXYGEN RICH ENVIRONMENT
(IEC 60601-1:2005, Figure 36)
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13.4.19 Identification of source of ignition (continued)

Standard(s): Subclause(s): 13.4.19 Identification of source
IEC 60601-1:2005 11.2.2.1 of ignition

Inductive load
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Figufre 30 — Maximum allowable current / asza function of the inductance L measjured
in an inductive circuit in*an' OXYGEN RICH ENVIRONMENT

(IEC 60601-1:2005, Figure 37)

f) Prefentation of the test results:

Identify the conditions under which'the test was performed.

Thd situation with the highestwoltage or current respectively and no ignition defines the uppgr
limif. A safe upper limit istgiven by dividing the upper limit of voltage or current respectively py
the[safety margin factor.of three.

NOTE The safety margin factor covers the uncertainty of sparking experiments and the variability of the
undgrlying parameters-like pressure or quality of cotton or of the contact materials.
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13.4.20 Interruption of power supply

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
11.8

13.4.20 Interruption of power
supply

a) Equipment needed for the test:

1) Test sample with relevant power supplies.

2) Equipment to verify ESSENTIAL PERFORMANCE

b) Safety precautions during the test:

Use normal laboratory safety PROCEDURES during this test.

c) Tegtsampte preparation:

No gpecial preparation.

d) Test conditions:

NORMAL CONDITION

e) Tegt set-up and PROCEDURE:

ME EQUIPMENT'S states.

Intgrrupt and restore the power supply of the DUT, taking into account thedifferent

WhEn interrupting and restoring the power supply, consider different,0perating modes and
intdrruption durations including requirements from particular standards.

f) Pre|sentation of the test results:

PERFORMANCE.

Interruption of the power supply did/did not result in theloss of BASIC SAFETY or ESSENTIAL
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Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause:
13.1.2

13.4.21 Limited power circuit

a) Equipment needed for the test:
1) Adjustable load
2) Watt-meter
3) Watch (1 min)

b) Safety precautions during the test:

Uswmmmmreﬁ—

c) Teslt sample preparation:

Malke the relevant supply circuit available (see Annex D).

d) Tegt conditions:

NORMAL CONDITION

e) Tegt set-up and PROCEDURE:

Adgpt the adjustable load to the supply circuit and set on 15 W. Adjyst the test load as needed

to qontinually draw 15 W.

If tHe power dissipation is less than 15 W after 1 min, the circuitis limiting power dissipation

lesg than 15 W.

—

o

f) Presentation of the test results:

TABLE: Power dissipation

Supply circuit to be Power dissipation
examined at the start of the

test
W

Power dissipation Limited power,
after 1 min circuit
w Yes/No
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13.4.22 Failures of THERMOSTATS

Standard(s): Subclause(s): 13.4.22 Failure of THERMOSTATS

IEC 60601-1:2005 13.2.4

a) Eq

1)
2)

uipment needed for the test:
Temperature sensors (thermocouples) and recorder

Test corner

b) Safety precautions during the test:

Suitable fire extinguisher

Usqmommatatoratory satety PROCEDURES trimg-this test——————————

c) Teslt sample preparation:

On

¢ representative sample loaded with all optional ACCESSORIES.

d) Tegt conditions:

Do

preyents an unacceptable RisK in case of a failure in the THERMOSTAT.

not perform this test If an independent non-SELF-RESETTING THERMAL CUT-OUWis provided

hat

e) Test set-up and PROCEDURE:

Inspect the circuit diagram to determine whether short-circuitifig ,or interrupting the
THERMOSTAT is the less favourable test condition. Use that mechanism to short-circuit or
interrupt the THERMOSTAT.

Place the DUT in the test corner.
Operate the DUT and record temperatures with the thermocouple method.
Operate the DUT at 90 % and 110 % of RATED Voltage.

Test each THERMOSTAT by itself if multiple JHERMOSTATS exist.

f) Presentation of the test results:

For|SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
pregsure test (test 13.3.4) at a tempetrature 25 °C higher than that measured during these

tes

Sarhe result table as for normakheating in test 13.4.17 f) and same compliance criteria as in
tes{ 13.2.24 f).

{s.
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13.4.23 Impairment of cooling

Standard(s):

IEC 60601-1:2005+AMD1:2012

Subclause(s):
13.2.7

13.4.23 Impairment of cooling

a) Equipment needed for the test:

1) Temperature sensors (thermocouples) and recorder

2) Accessories for blocking vent holes/grills, etc.

3) Test corner

b) Safety precautions during the test:

Suifabtefireextimguistrer

Usq normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Ong representative sample loaded with all optional ACCESSORIES.

d) Tegt conditions:

As for normal heating (test 13.4.17).

e) Tegt set-up and PROCEDURE:

1) |Place the DUT in the test corner.

2) |Impairment of cooling simulates one fault after the other, for example:

3) |Operate the DUT with simulation of impairments of cooling.

4) |Record temperatures using the thermocouple method.

Lock or disconnect single ventilation fans, whichéver is least favourable, consecutive

Impair ventilation through openings in top and sides by covering those ENCLOSURE
openings or positioning the DUT against walls of test corner.

Block filters.

Interrupt the flow of a cooling agent.

y.

f) Prejsentation of the test results:

For|SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
pregsure test (test 13.3.4) at a-temperature 25 °C higher than that measured during these

tests.

Same result table as-for/normal heating in test 13.4.17 f) and same compliance criteria as in

tes] 13.2.24 f).
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13.4.24 Locking of moving parts

Standard(s): Subclause(s): 13.4.24 Locking of moving parts

IEC 60601-1:2005 13.2.8

1)
2)
3)

a) Equipment needed for the test:

Temperature sensors (thermocouples) and recorder
Ohmmeter

Test corner

b) Safety precautions during the test:

Sui

Usdg

abtefireextimguistrer

normal laboratory safety PROCEDURES during this test.

Ong

c) Test sample preparation:

representative sample loaded with all optional ACCESSORIES.

Log

Onl
SIN

Do
FAU

PoV

d) Tegt conditions:

voltlage.

k moving parts if:
accessible moving parts can be jammed; or

the DUT can be operated while unattended (this includes ME EQUIPMENT which
automatically or remotely controlled); or

torque.

y lock one moving part for DUT with more than one.moving part as described above. If a
ELE FAULT CONDITION can lock multiple motors, thenrlock all motors simultaneously.

hot test components, construction or the supply circuit if the power dissipation in SINGLE
| T CONDITION is less than or equal to 15 W.

er the DUT with the least favourable veltage between 90 % and 110 % of the RATED

the DUT has one or more motors with a locked rotor torque smaller than the full Ipad

1)
2)
3)

e) Teslt set-up and PROCEDURE:

Place the DUT in the test cornker.
Operate the DUT with all moving parts locked.

Operate a motor-operated DUT starting from a coLD CONDITION, at RATED voltage or at th
upper limit of the.RATED voltage range for the following periods of time:

a) 30 s for:

- HAND-HELD ME EQUIPMENT;

14

—«ME EQUIPMENT which has to be kept switched on by hand; or
</ ME EQUIPMENT which has to be kept under physical load by hand;

for 5-minfor-otherMEEQURPMENTHteRded-onlyforattondeduse(ationded-use

(>
N>

excludes automated or remotely controlled ME EQUIPMENT that could operate when the
OPERATOR is not present);

c) for the maximum period of a timer, if such a device terminates the operation, for
ME EQUIPMENT not listed under a) or b);

d) for as long as necessary, to establish steady thermal conditions for all the remaining
ME EQUIPMENT.
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13.4.24 Locking of moving parts (continued)

Standard(s): Subclause(s): 13.4.24 Locking of moving parts

IEC 60601-1:2005 13.2.8

Determine the temperatures of windings with the AR measurement method (with an
ohmmeter) at the end of a specified test period (for steady-state), or at the instant of
operation of fuses, THERMAL CUT-OUTS, motor protective devices and the like.

Record other temperatures using the thermocouple method.

For motors located in circuits with a voltage not exceeding 42,4 V peak a.c. or 60 V d.c.

and where difficulty is experienced in obtaining accurate temperature measurements due to
the small size or design of the motor, cover the motor with a single layer of bleached cotton

cheesecloth of approximately 40 g/m2 (bleached cotton material, 26 m< to 28 m< per kg
mass and 13 threads per cm in one direction and 11 threads per cm in the other).

f)

Prejsentation of the test results:

Theg
sub)

Theg
with

Aftq
CUR
the

For
pre
test

Theg
Ten

Ten
Tan

Ten
not

Ten
Tah

Tab)
Lim
Lim

Usdg

re was/was no evidence of emission of flames, molten metal, poisonous or.ignjtable
stance in hazardous quantities.

re was/was no evidence of deformation of ENCLOSURES to such an extent-that complianc
IEC 60601-1:2005 is impaired.

r the tests, there was/was no evidence that the setting of THERMAL CUT-OUTS and OVER-
RENT RELEASES has not changed (by heating, vibration or other’‘causes) sufficiently to affg
r safety function.

SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
ssure test (test 13.3.4) at a temperature 25 °C higherthan that measured during these
S.

re was/was no evidence of ignition of the cheesegloth.
hperatures of APPLIED PARTS did/did not excegd the allowed values from Table 11.

hperatures of parts likely to be touched did/did not exceed the allowable values from
le 12.

nperatures T x 1,5 — 12,5 °C of other components and materials and other cases did/did
exceed the allowable values from-Table 13.

nperatures of windings did/did’not exceed the allowed values from the appropriate
le 14, Table 15 and

e 16.
its for LEAKAGE CURRENT in SINGLE FAULT CONDITION were/were not exceeded.
its for voltage from ACCESSIBLE PARTS including APPLIED PARTS were/were not exceeded.

the same.result table as for normal heating [test 13.4.17 f)].

bct



https://iecnorm.com/api/?name=7963f305acc36961ccd91ececcaed231

IEC TR 62354:2014 © IEC 2014

— 147 -

13.4.24 Locking of moving parts (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):
13.2.8

13.4.24 Locking of moving parts

Table 11 — Allowable maximum temperatures for skin contact

with ME EQUIPMENT APPLIED PARTS
(IEC 60601-1:2005, Table 24)

Maximum temperature @ b

°C
APPLIED PARTS of ME EQUIPMENT ded
material,
Metal Glass, porcelain, plasttic,
and liquids vitreous material rubber| wood
t <1 min 51 56 6(
APPLIED PART having .
contaft with the 1 min < <10 48 48 4
PATIENT for a time “t” min
T 10 min <t 43 43 4

MANAGEMENT FILE.

a Thelse temperature limit values are applicable for the healthy skin ‘of adults. They are not applicable
whgn large areas of the skin (10 % of total body surface or(more) can be in contact with a hot
surflace. They are not applicable in the case of skin contact with over 10 % of the head gurface.
Where this is the case, appropriate limits shall be determined and documented in the RISk

b \Where it is necessary for APPLIED PARTS to exceed\the temperature limits of Table 24 in ¢rder to
proyide clinical benefit, the RISK MANAGEMENT_FILE shall contain documentation showing that the
resylting benefit exceeds any associated increase in RISK.

Table 12 — Allowable maximum temperatures for ME EQUIPMENT parts
that are likely to be touched

(IEC 60601-1:2005, Table 23)

Maximum temperature ?

°C
ME EQUIPMENT and\its parts Metal and liquids Glass, porcelain, Moulded
vitreous material matetrial,
plastic, fubber,
wood
t<1s 74 80 86
Exterpalsurfaces of 1s<t<10s 56 66 71
ME EQUIPMENT thatare
likely to be touched 10s<t<1m
for a time “t” in 51 56 60
1min<t 48 48 48

MANAGEMENT FILE.

a These temperature limit values are applicable for touching the healthy skin of adults. They are not
applicable when large areas of the skin (10 % of total body surface or more) can be in contact with
a hot surface. This also applies in the case of skin contact with over 10 % of the head surface.
Where this is the case, appropriate limits shall be determined and documented in the RISK
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13.4.24 Locking of moving parts (continued)

Standard(s): Subclause(s):

IEC 60601-1:2005

13.2.8

13.4.24 Locking of moving parts

Table 13 — Allowable maximum temperatures of parts

(IEC 60601-1:2005, Table 22)

Parts Maximum Temperature
°C
Insulation, including winding insulation ®
— of Class A Material 105
— of Class E Material 120
— of Class B Material 130
— of Class F Material 155
— of Class H Material 180
Par}s with T marking T
Other components and materials ©
Parts in contact with flammable liquid with flash-point of T °C T-25
90

Wopd

® The classification of insulating materials is in accordance witi AEC 60085. Any incompatibility of [the
mpaterials of an insulating system that could reduce the maximum'temperature limit of the system bejow
tHe limits of the individual materials shall be considered.

® T|marking refers to the marked maximum operating temperature.

° Fpr each material and component, account shall bestaken of the temperature ratings for each matdrial
component to determine the appropriate maximum temperature. Each component shall be used in
ccordance with its temperature rating. Where doubt exists, the ball pressure test of 8.8.4.2 should be

o

brformed.

T QO

Table 14 — Temperature limits of motor windings

(EC 60601-1:2005, Table 26)

Temperaturge in °C

Insulation class
Type of ME EQUIPMENT Class A | Class B | ClassE | Class F | Clasp H
ME EQUIPMENT provided with a timer and not 200 225 215 240 26D
intepded for unattended use and ME EQUIPMENT
to be operated-far30 s or 5 min
Othpr ME EQUIPMENT
— iflimpedance-protected, maximum value 150 175 165 190 21D
— if'protected by protectiomdevices that operate 200 225 215 240 260
during 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
NOTE The temperature limits in this table were derived from IEC 61010-1:2001.
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13.4.24 Locking of moving parts (continued)

Standard(s):
IEC 60601-1:2005

Subclause(s):
13.2.8

13.4.24 Locking of moving parts

Table 15 — Maximum motor winding steady-state temperature

(IEC 60601-1:2005, Table 27)

Insulation class Maximum temperature °C
A 140
B 165
E 155
F 180
H 200

Table¢ 16 — Maximum allowable temperatures of transformer windings under overload

and short-circuit conditions at 25 °C (+ 5 °C) ambiént temperature

(IEC 60601-1:2005, Table 31)

Maximum temperature
Parts °C
Windings and core laminations 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
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13.4.25 Interruption or short circuit of motor capacitors

Standard(s): Subclause(s): 13.4.25 Interruption or short
IEC 60601-1:2005 13.2.9 circuit of motor capacitors

a) Equipment needed for the test:
1) Temperature sensors (thermocouples) and recorder
2) Ohmmeter
3) Voltmeter

b) Safety precautions during the test:
Suitable fire extinguisher

Usg normal laboratory safety PROCEDURES during this test.

c) Tedt sample preparation:

Ong¢ representative sample loaded with all optional ACCESSORIES.

d) TeJt conditions:

Do hot perform the test with a short-circuited capacitor if the motoris_provided with a capacitor
complying with the requirements for Class P2 capacitors accordingito IEC 60252-1 and the
ME EQUIPMENT is not intended for unattended use (including automatic or remote control).

e) Tedt set-up and PROCEDURE:

1) | Operate motors with a capacitor in the circuit of an‘auxiliary winding are operated:
— with the capacitor short-circuited, or
— open-circuited in turn.

2) | Operate a motor-operated DUT starting from coLD CONDITION, at RATED voltage or at the
upper limit of the RATED voltage range-for the following periods of time:

a) 30 s for:
—  HAND-HELD ME EQUIPMENT}
— ME EQUIPMENT which has to be kept switched on by hand; or
—  ME EQUIPMENT whieh has to be kept under physical load by hand.

b) For 5 min for otherME EQUIPMENT intended only for attended use (attended use
excludes automated or remotely controlled ME EQUIPMENT that could operate when the
OPERATOR is.not present).

c) For theymaximum period of a timer, if such a device terminates the operation, for
ME EQUIPMENT not listed under a) or b).

d) ,/oras long as necessary, to establish steady thermal conditions for all the remaining
ME EQUIPMENT.

3) betermine-the-temperatures—efwindirgs—with-the-AR-measurementmethod{withan
ohmmeter) at the end of a specified test period (for steady-state), or at the instant of
operation of fuses, THERMAL CUT-OUTS, motor protective devices and the like.

4) Record other temperatures using the thermocouple method.

5) For motors located in circuits with a voltage not exceeding 42,4 V peak a.c. or 60 V d.c.
and where difficulty is experienced in obtaining accurate temperature measurements due
to the small size or design of the motor, cover the motor with a single layer of bleached
cotton cheesecloth of approximately 40 g/m2 (bleached cotton material, 26 m? to 28 m? per
kg mass and 13 threads per cm in one direction and 11 threads per cm in the other).

6) Measure the voltage across the capacitor.
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13.4.25 Interruption or short circuit of motor capacitors (continued)

Standard(s): Subclause(s): 13.4.25 Interruption or short

IEC 60601-1:2005 13.2.9

circuit of motor capacitors

f) Pre

sentation of the test results:

There was/was no evidence of emission of flames, molten metal, poisonous or ignitable

sub

stance in hazardous quantities.

There was/was no evidence of deformation of ENCLOSURES to such an extent that compliance
with IEC 60601-1:2005 is impaired.

After the tests, there was/was no evidence that the setting of THERMAL cuT-oUTS and OVER-

r safety function.

SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
ssure test (test 13.3.4) at a temperature 25 °C higher than that measured during these
S.

re was/was no evidence of ignition of the cheesecloth.
hperatures of APPLIED PARTS did/did not exceed the allowed values frem Table 11.

hperatures of parts likely to be touched did/did not exceed the allowable values from
le 12.

nperatures T x 1,5 — 12,5 °C of other components and matefials and other cases did/did
exceed the allowable values from Table 13.

hperatures of windings did/did not exceed the allowed values from the appropriate
le 14, Table 15 and

e 16.
its for LEAKAGE CURRENT in SINGLE FAULT CONDITION were/were not exceeded.
its for voltage from ACCESSIBLE PARTS including APPLIED PARTS were/were not exceeded.

the same result table as for normal h&ating [test 13.4.17 f)].
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13.4.26 Motor running overload

Standard(s): Subclause(s): 13.4.26 Motor running overload
IEC 60601-1:2005 13.2.13.3 b), 13.2.13.4

a) Equipment needed for the test:
1) Temperature sensors (thermocouples) and recorder
2) Ohmmeter
3) Voltmeter

4) Ammeter

b) Safgtyprecautionsduringthetest:
Suifable fire extinguisher

Usq normal laboratory safety PROCEDURES during this test.

c) Test sample preparation:

Ong representative sample loaded with all optional ACCESSORIES

d) Tegt conditions:
Chgck motors for running overload protection if they are:

— |intended to be remotely controlled or automatically controlled\(by a single control devicd
without redundant protection), or

— |likely to be operated continuously whilst unattended.
For|ME EQUIPMENT containing motors as well as heating{arts, perform testing at the prescribed

voltage, with the motor part and the heating part operated simultaneously so as to produce the
leagt favourable condition.

Opegrate ME EQUIPMENT with three-phase motors-with normal load, connected to a three-phas
(suppPLY MAINS) with one phase disconnected.

[

Test consecutively If more than one of theitests is applicable for the same DUT.

Only perform the running overload test for motors located in circuits with a voltage not
exceeding 42,4 V peak a.c. or 60 V d.c. if a possibility of an overload occurring is determine
by inspection or by review of the design. The test need not be performed, for example, wher|
elegtronic drive circuits maintain’a substantially constant drive current.

(o8

()

e) Teslt set-up and PROCEDURE:

1) |Operate the DUT under normal load conditions at RATED voltage or at the maximum of the
RATED voltage range, until steady thermal conditions are achieved (see the test for normjal
heating [test 13.4.17]).

2) |Increase_the-load so that the current is increased in appropriate steps while the supply
voltage being maintained at its original value.

3) |Wheénsteady thermal conditions are established, increase the load. Progressively increpse
the’load in appropriate steps until the overload protection operates, or until no further

tampnaratura rica ic natad
TSP e et Ho o1 otea-

4) If the load cannot be changed in appropriate steps in ME EQUIPMENT, remove the motor from
the DUT in order to perform the test.

5) ME EQUIPMENT RATED for short-time or intermittent operation other than:
—  HAND-HELD ME EQUIPMENT;
— ME EQUIPMENT which has to be kept switched on by hand;
— ME EQUIPMENT which has to be kept under physical load by hand; or
— ME EQUIPMENT with a timer and a back-up system

is operated under normal load and at RATED voltage or at the upper limit of the RATED
voltage range until the peak temperature does not increase by more than 5 °C in 1 h, or
until the protective device operates.
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13.4.26 Motor running overload (continued)

Standard(s): Subclause(s): 13.4.26 Motor running overload
IEC 60601-1:2005 13.2.13.3 b), 13.2.13.4

6) Ifin NORMAL USE a load-reducing device in ME EQUIPMENT operates, continue the test with
the DUT running idle.

7) OPERATE ME EQUIPMENT starting from the coLD CONDITION, at RATED voltage or at the upper
limit of the RATED voltage range for the following periods of time:

a) 30 s for:

- HAND-HELD ME EQUIPMENT;

— ME EQUIPMENT which has o be kept switched on by hand; or
—  ME EQUIPMENT which has to be kept under physical load by hand;

b) for 5 min for other ME EQUIPMENT intended only for attended use (attended use
excludes automated or remotely controlled ME EQUIPMENT that could operate‘when the
OPERATOR is not present);

c) for the maximum period of a timer, if such a device terminates the operation, for
ME EQUIPMENT not listed under a) or b);

d) for as long as necessary, to establish steady thermal conditions for all the remaining
ME EQUIPMENT.

9%
o

8) |Determine motor winding temperatures when THERMAL STABILITY conditions are establish
or immediately before the operation of the protective device:

9) |Determine temperatures of windings with the AR measurement method (with an ohmmeter)
at the end of a specified test period (for steady-state), or at the instant of operation of
fuses, THERMAL CUT-0OUTS, motor protective devices*and the like.

10)|Record other temperatures using the thermocouple method.

11)|For motors located in circuits with a voltage'not exceeding 42,4 V peak a.c. or 60 V d.c.
and where difficulty is experienced in gbtaining accurate temperature measurements dug to
the small size or design of the motor;\eover the motor with a single layer of bleached cofton
cheesecloth of approximately 40 g/m2 (bleached cotton material, 26 m? to 28 m? per kg
mass and 13 threads per cm in ote direction and 11 threads per cm in the other).

f)

Presentation of the test results:

Thgre was/was no evidence of emission of flames, molten metal, poisonous or ignitable
sublstance in hazardous_quantities.

Thdre was/was no evidence of deformation of ENCLOSURES to such an extent that compliance
with this standard, is\impaired.

Aftgr the teststhere was/was no evidence that the setting of THERMAL cuT-oUTS and OVER-
CURRENT RELEASES has not changed (by heating, vibration or other causes) sufficiently to affect
thelr safetyfunction.

For|SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
pregsure test (test 13.3.4) at a temperature 25 °C higher than that measured during these
tests.

There was/was no evidence of ignition of the cheesecloth.
Temperatures of APPLIED PARTS did/did not exceed the allowed values from Table 11.

Temperatures of parts likely to be touched did/did not exceed the allowable values from
Table 12.

Temperatures T x 1,5 — 12,5 °C of other components and materials and other cases did/did
not exceed the allowable values from Table 13.

Temperatures of windings did/did not exceed the allowed values from the appropriate
Table 14, Table 15 and

Table 16.

Limits for LEAKAGE CURRENT in SINGLE FAULT CONDITION were/were not exceeded.
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13.4.26 Motor running overload (continued)

Standard(s): Subclause(s): 13.4.26 Motor running overload
IEC 60601-1:2005 13.2.13.3 b), 13.2.13.4

Limits for voltage from ACCESSIBLE PARTS including APPLIED PARTS were/were not exceeded.

Upon cooling to room temperature, the applicable dielectric strength tests did/did not reveal
breakdown.

Use the same result table as for normal heating [test 13.4.17 f)].
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13.4.27 Heating element overload

Standard(s): Subclause(s): 13.4.27 Heating element overload

IEC 60601-1:2005 13.2.13.1, 13.2.13.2

a) Equipment needed for the test:

1) Voltmeter

N

Ampere meter

w

Ohmmeter

g b

[ | dsa " bl "
UITITULUTC SUTIIgUTr ol

(22}

Ball-pressure test apparatus (Figure F.4)

~

)
)
)
) Temperature sensor (thermocouples)
)
)
) | Test corner

b) Safety precautions during the test:

Suifable fire extinguisher

Usg normal laboratory safety PROCEDURES during this test.

c) Tegt sample preparation:

Ong representative sample loaded with all optional ACCESSORIES,

d) Test conditions:

This test applies to ME EQUIPMENT having thermostaticallycontrolled heating elements:
— |which are intended for built-in operation, or
— |for unattended operation, or

— |which have a capacitor not protected by a-fuse or the like connected in parallel with the
contacts of the THERMOSTAT.

Heating parts of ME EQUIPMENT are tested under all of the following conditions:

— |as specified in the normal heating-subclause of IEC 60601-1:2005
(Subclause 11.1) but without adequate heat discharge;

— | with the ME EQUIPMENT opetated in NORMAL CONDITION; and
— |disabling any control which'serves to limit the temperature, except a THERMAL CUT-OUT.
If tHe ME EQUIPMENT hassmore than one control, disable each in turn.

Do pot test compongnts; construction or the supply circuit if the power dissipation in SINGLE
FAULT CONDITION is\less than or equal to 15 W.

Power the DUT/with a supply voltage of 90 % or 110 % of the RATED supply voltage whichever
is the least.favourable.

For|ME, EQUIPMENT with short-time rating, the test duration should equal the RATED operating
time.

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 THERMAL
STABILITY is 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, repeat the test 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. However, if either sample fails to comply with the conditions specified in Subclause
13.1.2 of IEC 60601-1:2005, it constitutes a failure.
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13.4.27 Heating element overload (continued)

Standard(s): Subclause(s): 13.4.27 Heating element overload

IEC 60601-1:2005 13.2.13.1, 13.2.13.2

e) Test set-up and PROCEDURE:
1) Place the DUT in the test corner.
2) DUT’s having heating elements are tested as follows:

— For thermostatically controlled DUT’s having heating elements that are intended for
built-in or for unattended operation or that has a capacitor not protected by a fuse or
the like connected in parallel with the contacts of the THERMOSTAT; by both tests

described below

— For DUT’s having heating elements RATED for non-CONTINUOUS OPERATION; by both\tgsts
described below.

— For other DUT’s having heating elements; but only the first test below.

NOTE If more than one of the tests below is applicable to the same DUT, these tests.are perfornjed
consecutively.

3) |Test 1:

Test the DUT under the conditions for test 13.4.7, but without adequate heat discharge,|at
a supply voltage of 90 % or 110 % of the RATED supply voltage; whichever is least
favourable.

If a non-SELF-RESETTING THERMAL CUT-OUT operates, or if,the)current is otherwise interrugted
without the possibility of automatic restoration before THERMAL STABILITY is established, the
operating period is ended. If interruption of the current,does not occur, the DUT is switched
off as soon as THERMAL STABILITY is established and'is allowed to cool to approximately
room temperature.

For DUT’s RATED for non-CONTINUOUS OPERATION, the test duration should equal the RATHD
operating time.

4) |Test 2:

Test heating parts of the DUT with the DUT operated in NORMAL CONDITION, at the supply]
voltage 110 % of the RATED supply/voltage and as specified in test 13.4.7. Meet the
following test conditions:

— Disable control that serves to limit the temperature in NORMAL CONDITION, except a
THERMAL CUT-OUT.

— If the DUT has mare than one control, disabled each in turn.

- Operate the-DUT at the RATED DUTY CYCLE until THERMAL STABILITY is achieved,
irrespective‘of the RATED operating time.

f) Presentation of.the test results:

Thgre was/was no evidence of emission of flames, molten metal, poisonous or ignitable
sublstance in hazardous quantities.

Thdre was/was no evidence of deformation of ENCLOSURES to such an extent that compliance
wit C 60601172005 15 impaired.

After the tests, there was/was no evidence that the setting of THERMAL cuT-oUTS and OVER-
CURRENT RELEASES changed (by heating, vibration or other causes) sufficiently to affect their
safety function.

After the test, the insulation between the MAINS PART and the ENCLOSURE, when cooled down to
approximately room temperature, did/did not withstand the relevant dielectric strength tests.

For ME EQUIPMENT which is immersed in, or filled with, conducting liquid in NORMAL USE, immerse
the sample in or fill it with the conducting liquid or water, as appropriate, for 24 h before
performing the dielectric strength test.

For SUPPLEMENTARY and REINFORCED INSULATION of thermoplastic materials, perform the ball-
pressure test (test 13.3.4) at a temperature 25 °C higher than that measured during these
tests.
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13.4.27 Heating element overload (continued)

Standard(s): Subclause(s): 13.4.27 Heating element overload
IEC 60601-1:2005 13.2.13.1, 13.2.13.2

Temperatures of APPLIED PARTS did/did not exceed the allowed values from Table 11.

Temperatures of parts likely to be touched did/did not exceed the allowable values from
Table 12.

Temperatures T x 1,56 — 12,5 °C of other components and materials and other cases did/did
not exceed the allowable values from Table 13.

Temperatures of windings did/did not exceed the allowed values from the appropriate

T 1 4.4 Takl 4L o
ahte—44—Feable—45-and

Tabje 16.
Limlits for LEAKAGE CURRENT in SINGLE FAULT CONDITION were/were not exceeded.

Limlfits for voltage from ACCESSIBLE PARTS including APPLIED PARTS were/were not{exceeded.

Usdg the same result table as for normal heating [test 13.4.17 f)].
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13.4.28 Rechargeable battery overcharge/discharge

Standard(s): Subclause(s): 13.4.28 Rechargeable battery
IEC 60601-1:2005+AMD1:2012 15.4.3 overcharge/discharge

a) Equipment needed for the test:
1) Multimeter
2) Various test loads
3) Shorting box

4) D.C. ammeter

b) Safgtyprecautionsduringthetest:
Spqcial laboratory safety PROCEDURES for work with batteries (i.e. lithium, etc.).

Risk of explosion. Remove battery before performing test 2.

c) Test sample preparation:
Ong representative test sample

Malke the relevant supply circuit available (see Annex D).

d) Tegt conditions:

Baftery overcharge/discharge test: Operate the DUT at RATED voltagé or at the upper limit of the
RATED voltage range with maximum normal load.

Exdgessive current and voltage protection test: Removerthe battery from the DUT

Reversed battery connection test. NORMAL CONDITION

e) Teslt set-up and PROCEDURE:
1) |Battery overcharge/discharge:

Inspect the design documentation for theicharging circuit and battery charging
specifications to verify overcharging;will not occur in NORMAL CONDITION and SINGLE FAULT
CONDITION. If any doubt exists, fault'those specific components and verify no unacceptah
RISK occurs.

e

2) |Excessive current and voltage protection:

Inspect the battery supply.circuit for the presence of protective means and the design
documentation and RISK MANAGEMENT FILE. Verify that necessary fuse(s) or over-current
protective means are-in place and that the cross-sectional area of conductors are adeqyate
to prevent source'of fire HAZARDS. If any doubt exists, short circuit or open circuit those
components that.would enable maximum discharge current to flow and verify no
unacceptable-RISK occurs.

3) |Reversed\battery connection:

Where\it is possible to insert the battery with incorrect polarity, reverse the battery
cahnections and energize the DUT.

4) The shart circuit test between the pneifi\/p Ir_'ml::. and the nngnfi\/p pnlp of an INTERNAL ELECTRICAL
POWER SOURCE in the area between the INTERNAL ELECTRICAL POWER SOURCE output contacts and
the subsequent protection device may be omitted if two MEANS OF OPERATOR PROTECTION are

provided. Alternatively, a short-circuit test shall not result in any of the HAZARDOUS SITUATIONS in
13.1.2.
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13.4.28 Rechargeable battery overcharge/discharge (continued)

Standard(s):
IEC 60601-1:2005+AMD1:2012

Subclause(s):
15.4.3

13.4.28 Rechargeable battery
overcharge/discharge

f) Presentation of the test results:

Primary lithium batteries did/did not comply with the requirements of IEC 60086-4.
Secondary lithium batteries did/did not comply with the requirements of IEC 62133.
1) Battery overcharge/discharge and 2) Excessive current and voltage protection:

There was/was no cracking, rupturing or bursting of the battery jacket that could result in
OPERATOR contact with battery electrolyte.

3) |Reversed battery connection:

13.1.2.

There was/was no explosion of the battery that could result in a RISK to persons.

There was/was no emission of flame or explosion of molten metal outside the DU,

There was/was no emission of gases that could cause an unacceptable RISk,

There was/was no emission of flames, toxic gases, molten metal, and RISK of explosion

4) |Short circuit test if applicable did/did not lead to any of the HAZARDOUS SITUATIONS in
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13.4.29 Mains transformers

Standard(s): Subclause(s): 13.4.29 Mains transformers

IEC 60601-1:2005+AMD1:2012 15.5, 13.2.3

a) Equipment needed for the test:
1) Voltmeter

2) Adjustable regulated a.c. supply or other similar voltage and frequency source depending
on the input rating of transformer

3) Load resistors or electronic load

4) Ohmmeter

5) |Dielectric strength tester

b) Safety precautions during the test:
1) |Suitable fire extinguisher
2) |Use normal laboratory safety PRocEDURES during this test.

3) |See test 13.3.3 b) for recommended safety precautions during dielectric strength testing.

c) Tegt sample preparation:

Representative transformer sample(s) connected and loaded accofdingly.

d) Tejt conditions:
Te

— |primary voltage maintained between 90 % to 110 %.of RATED voltage;

t each winding in turn, with the following parameters at.thie most adverse value:

— |RATED input frequency;
— |loads on other windings as in NORMAL USE.

Forlwindings that use the change-of-resistances-measurements (COR) method, place
thefmocouples at all other locations. Measure initial ambient temperature and a cold resistafpce
of the windings.

Calpulate the value of the temperature’rise of a copper winding using the formula:

SR, -R

AT R 1(2345+T)—(T,-T,)
1

whére
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'xroom temperature at the beginning of the test in °C;

T, | isthe room temperature at the end of the test in °C.

At 1< bcy;llll;lly Uf thc tcot, VV;IId;IIHO dal'c tU bc at TOUUITI tclllpclatulc.

When the resistance method is used, determine the resistance of windings at the end of the
test by taking measurements as soon as possible after switching off, and then at short intervals
so that a curve of resistance against time can be plotted to identify the value at the instant of
switching off.

Test each secondary winding in turn; load all other secondary windings as in NORMAL USE.
Allow the DUT to cool to room temperature between tests.

When thermocouples are used, reduce the temperature limits by 10 °C. In this 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.

Windings with more than one protective device may require multiple overload tests in order to
fully evaluate worst-case NORMAL UsE loading and fusing.
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13.4.29 Mains transformers (continued)

IEC 60601-1:2005+A1:2012 15.5, 13.2.3

Standard(s): Subclause(s): 13.4.29 Mains transformers

1)

2)

e) Test set-up and PROCEDURE:

Normal heating:

a) The mains transformer is placed either on a softwood surface or in the appliance in the

same location as that of the test for normal heating [test 13.4.17 d)].
Connect the DUT to the a.c. power supply.

)
c) Energize the DUT and set up for the NORMAL CONDITIONS for maximum load.
)

Sct a.U. aupp:y VU:tdgC tU T 10 n/O dlld - 10 n/0 Uf t:lc RATED VU:thG(b) Ul t:lc C}\tlclll
of the RATED voltage range(s).

e) Operate the DUT until all temperatures have stabilized.
f) Measure and record all temperatures including the room ambient.

g) Temperatures of windings are determined with COR (change of resistance’— AR)
measurement method (or with an ohmmeter).

h) Record other temperatures using the thermocouple method.

i) The maximum temperature of a part is determined by measuring.the temperature rige

of the part under test and adding it to the maximum allowed(ambient temperature of|
NORMAL USE as defined by the MANUFACTURER.

Short circuit:

Apply a short circuit or resistive load, as appropriateat the ends of the windings or at th
first point that can be short circuited.

Short-circuit the output winding under test. Continue the test until the protective device
operates or THERMAL STABILITY is achieved. For transformers not tested according to test
below, apply the short circuit directly across.the output windings.

Overload:

Multiple overload tests may be needéd-to fully evaluate the worst-case NORMAL USE load
and fusing for windings with more-than one protective device.

Connect the unit to a supply specified in the overload table in Section f). Resistively loa
and operate the secondary.under the test.

Do not perform the overload test unless the protective device operated during the short
circuit test.

a) This step is, omitted if, based on a review of the provided protective devices and the|
performance.data, the current at which the first protective device operates can be
determined:

Loadthe winding under test to its NORMAL USE load until THERMAL STABILITY is reache
Progressively adjust the load in appropriate steps to approach the minimum current
which the protective device operates. Allow the windings to reach THERMAL STABILITY
following each load adjustment, and record each load current value.

Following operation of a protective device, perform step b).

b) Shunt the protective device that operated in step a) above if it is external to the
transformer. Load the winding under test based on the type of protective device as
follows.

— Fuse in accordance with IEC 60127-1: 30 min at the appropriate test current
specified in Table 17.

4)

=

— Fuses not in accordance with IEC 60127-1: 30 min at the current according to the
characteristics supplied by the fuse manufacturer, specifically the 30 min clearing-

time current. If no 30 min clearing-time current data is available, use the test
current specified in Table 17 until THERMAL STABILITY is achieved.

— Other protective device: until THERMAL STABILITY at a current just below the current

that caused the device to operate in step a) above.
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13.4.29 Mains transformers (continued)

Standard(s): Subclause(s): 13.4.29 Mains transformers

IEC 60601-1:2005+AMD1:2012 15.5, 13.2.3

4)

Table 17 — Test current for transformers
(IEC 60601-1:2005, Table 32)

Transformer dielectric voltage withstand:

This subclause is nottapplicable to transformers operating at a frequency above 1 kHz,
which are tested in~accordance with 8.8.3.

Conduct this test after the humidity preconditioning treatment.

Apply a testuoltage across the winding indicated in the transformer dielectric strength
table in Section f). Leave all other windings open.

Conneetthe transformer designated neutral conductor to the core.

Repeat the test with the other side of the primary winding connected to the core.

Marked value of RATED current Ratio between test current
(') of protecting fuse-link and RATED current of the
A fuse-link
I<4 2,1
4</1<10 1,9
10</1<25 1,75
| >25 1,6

[

End this portion of the overload test at the specified time or after a second protectiv,
device opens.

— Load windings provided with an overcurrent protection to a tést.current specified in
the table and operate them for the indicated test duration.’Replace the overcurrgnt
protector with links of negligible impedance.

— Load windings protected by a THERMAL CUT-0OUT to a stable winding temperature jof
approximately 85 % of the THERMAL cuT-oUT temperature indicated in the table.
Increase the test current by 5 %. When steadyd{hermal conditions are again
established, increase the load is again. Continue these steps until the thermal
protector operates. Record the highest stable temperatures in the table.

Components intended to prevent overheatingyof the transformer during short circuit
and overload [2) and 3) above] are included-as part of the tests provided that

— the component is one with high-integrity characteristics, and

— two MEANS OF OPERATOR PROTEETION are provided between the output contacts o
the transformer up to the COMPONENT WITH HIGH-INTEGRITY CHARACTERISTICS

Perform the tests under thesxconditions specified in test 13.4.17 d).

The overload test may be applied after rectification.

The—eleetricainsutation—-between—the—primary—winding—and—other—windirgs—sereens—and the
core of a MAINS SUPPLY TRANSFORMER is presumed to have been investigated by the dielectric
strength tests performed on the assembled ME EQUIPMENT. In this case the dielectric strength
tests need not be repeated.

The dielectric strength of the electrical insulation between turns and layers of each winding
of a MAINS SUPPLY TRANSFORMER of ME EQUIPMENT should be such that after the humidity
preconditioning treatment it passes the following tests.

a)

Test transformers having any winding with a RATED voltage less than or equal 500 V or
RATED frequency less than or equal 60 Hz with a voltage across the winding of five
times the RATED voltage or five times the upper limit of the RATED voltage range of that
winding and a frequency not less than five times the RATED frequency.

Test transformers having any winding with a rated voltage greater than 500 V or
rated frequency greater than 60 Hz with a voltage across that winding of twice the
rated voltage or twice the upper limit of the rated voltage range of that winding and
a frequency not less than twice the rated frequency.
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13.4.29 Mains transformers (continued)

IEC 60601-1:2005+AMD1:2012

Standard(s): Subclause(s):

15.5, 13.2.3

13.4.29 Mains transformers

Test three-phase transformers using a three-phase testing device or by three

In the two cases above, however, the stress on the turn and layer insulation of any winding
of the transformer should be such that the test voltage appearing at the winding with the
highest RATED voltage does not exceed the test voltage specified for one MEANS OF
PROTECTION, if the RATED voltage of such a winding is considered as the WORKING VOLTAGE.
If this should occur, the test voltage on the primary winding should be reduced accordingly.
The test frequency may be adapted to produce in the core approximately the magnetic
induction present in NORMAL USE.

consecutive tests using a single-phase testing device.

The value of the test voltage with respect to the core and to any screen between
primary and secondary windings is to be in accordance with the specification/of the
relevant transformer. If the primary winding has an identified connection,point for th
neutral of the suPPLY MAINS, such a point should be connected to the core/(and scre
if present) unless the core (and screen) are specified for connection‘to,an unearthe
part of the circuit. To simulate this, the core (and screen) is connected to a source
with an appropriate voltage and frequency with respect to the idefntified connection
point.

If such a connection point has not been identified, connect,side of the primary wind
in turn to the core (and screen if present) unless the core\(and screen) are specifie
for connection to an unearthed part of the circuit.

To simulate this, connect the core (and screen) te-a source with an appropriate
voltage and frequency with respect to each sideyof/the primary winding in turn.

During the test, leave all windings not intended for connection to the suPPLY MAINS
unloaded (open circuit). For windings intended to be earthed at a point or to be
operated with a point nearly at earth poténtial, connect that point to the core, unles
the core is specified for connection to:an unearthed part of the circuit.

Initially not more than half the prescribed voltage is to be applied. It is then raised
over a period of 10 s to the full value, which is then maintained for 1 min, after whig
the voltage is reduced gradually'and switched off.

Tests are not conducted-at résonant frequencies.

[

B

f) Presentation of the test results:

TABLE: Transformer normal heating

d

inding
ignatio
n

AT Rema

°C

T,
°C

R, T, R,
Q °C Q

T=T+AT
°C

ks

TABLE: Transformer short circuit

test

Winding
under

Test
duration

Protection Measured temperatures Remarks

°C

Primary | Secondary | Ambient

Supply voltage: __
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13.4.29 Mains transformers (continued)

Standard(s): Subclause(s): 13.4.29 Mains transformers
IEC 60601-1:2005+AMD1:2012 15.5,13.2.3

TABLE: Overload

Winding | Protectio Measured temperatures Test Test Remarks
under n °C duration | current
test _ _ or
Primar | Secondar | Ambient THERMAL
y y CUT-OUT
tempera
ture

Supply. voltage

TABLE: Transformer dielectric)strength

Transformer Test voltage Test Test Secondary
under test applied to voltage frequency voltage Remarks

Duning the tests windings didfdid not open.

Unacceptable Risks did/did not occur.

Thg maximum temperatures of windings did/did not exceed the values found in

Table 16.

Aftgr the testscthe transformer passes/does not pass appropriate dielectric strength tests.

Duitling test'4)-above there was/was not flashover or breakdown of any part of the insulation
and theré was/was not detectable deterioration.

Segdling/Or potting did/did not flow out.

During the test, THERMAL cuT-0UTs did/did not operate.

There was/was no emission of flames, molten metal, poisonous or ignitable substance in
hazardous quantities.

When tested in situ there was/was no deformation of ENCLOSURES to such an extent that
mechanical strength was impaired.

Temperatures of DUT parts likely to be touched did/did not exceed the allowable values from
Table 12.

LEAKAGE CURRENT limits were/were not exceeded.
Voltage of AcCcEssIBLE PARTS did/did not exceed the allowable values.

NOTE 3 Ignore slight corona discharges, provided that they cease when the test voltage is temporarily
dropped to a lower value, that this value is higher than the WORKING VOLTAGE and that the discharges do
not provoke a drop in test voltage.
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A1

A1
A1
A1
A1
AA1.
AA1.
A1
AA1.
AA1.
AA1.
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

A1

©® N O R WN -

A1
12
13
.14
15
.16
A7
.18
.19
.20
.21
.22
.23

.24

Annex A
(informative)

Sequence of testing

Sequence of testing (IEC 60601-1:1988)

General requirements

Markings

Rowerirput

Classification

Limitation of voltage and/or energy

ENCLOSURES and PROTECTIVE COVERS

Separation

Protective earthing, functional earthing and potential equalization
Mechanical strength

Moving parts

Surfaces, corners and edges

Stability and transportability

Expelled parts

Suspended masses

Radiation HAZARDS

Electromagnetic compatibility

Pressure vessels and parts<subject to PRESSURE

Human errors

Temperatures — Fire pfevention

Interruption of the‘power supply

Accuracy of‘loperating data and protection against incorrect output
Abnormaloperation, fault conditions, environmental tests*

Continuous LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS at operating
temperature*

Dielectric strength at operating temperature*®
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A.1.25 Humidity preconditioning treatment*
A.1.26 Dielectric strength test (COLD CONDITION)*
A.1.27 LEAKAGE CURRENT after humidity preconditioning treatment*

A.1.28 Overflow, spillage, leakage, humidity, ingress of liquids, cleaning, sterilization and
disinfection*

A.1.29 ENCLOSURES and covers
A.1.30 Components and general assembly

A.1.31 MAINS PARTS, components and layout
A.1.32__Construction and layout

A.1.33] CATEGORY AP and CATEGORY APG ME EQUIPMENT
A.1.34| VERIFICATION of markings

NOTE The sequence of the tests marked by an * is described as mandatory in Annex C or |[EC60601-1:1988.

A.2 |Sequence of testing (IEC 60601-1:2005)

A.2.1 RISK MANAGEMENT PROCESS for ME EQUIPMENT or ME SYSTEMS and ESSENTIAL
PERFORMANCE

A.2.2 General requirements

A.2.3 Classification of ME EQUIPMENT and ME SYSTEMS

A.2.4 Determination of APPLIED PARTS and ACCESSIBLE PARTS

A.2.5 ME EQUIPMENT identification, marking andsdocuments

A.2.6 Energy consumption (power input)

A.2.7 Limitation of voltage, current or energy

A.2.8 Separation of parts

A.2.9 CREEPAGE DISTANCES and/AIR CLEARANCES

A.2.10| HAzARDs associated with moving parts

A.2.11| HAzARD associated with surfaces, corners and edges

A.2.12| Serviceability

A.2.13| Accuracy_ of controls and instruments and protection against hazardous outpufs
A.2.14| Instability HAZARDS

A.2.15| Noise; vibration and acoustic energy

A.2.16| Nnterruption of the power supply / SUPPLY MAINS to ME EQUIPMENT

A.2.17 Protective earthing, functional earthing and potential equalization of ME EQUIPMENT
A.2.18 Excessive temperatures in ME EQUIPMENT

A.2.19 LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS at operating temperature
A.2.20 Humidity preconditioning treatment

A.2.21 Dielectric strength (COLD CONDITION)

A.2.22 Defibrillation protection

A.2.23 Expelled parts HAZARD

A.2.24 Pressure vessels and parts subject to pneumatic and hydraulic pressure

A.2.25 HAzARDS associated with support systems

A.2.26 Mechanical strength
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A.2.27
A.2.28

A.2.29
A.2.30
A.2.31
A.2.32

A.2.33

A.2.34
A.2.35

HAZARDOUS SITUATIONS and fault conditions

MAINS SUPPLY TRANSFORMERS of ME EQUIPMENT and transformers providing
separation in accordance with 8.5

ME EQUIPMENT components and general assembly
MAINS PARTS, components and layout
Insulation other than wire insulation

Fire prevention and constructional requirements for fire ENCLOSURES of
ME EQUIPMENT

Overflow, spillage, leakage, ingress of water, cleaning, disinfection, sterilization and

compatbllity with substances used with the ME EQUIPMENT
CATEGORY AP and CATEGORY APG ME EQUIPMENT

VERIFICATION of markings
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Annex B
(informative)

Information typically required for product safety testing (Guide)

B.1

Purpose

The following information is useful when performing product safety and EMC testing.
MANUFACTURERS may benefit from reviewing these requirements even if ME EQUIPMENT is only
undergoing an initial evaluation.

B.2

Brief d
model

B.3

out

B.4

— Composition of DUT

—  Asg
- Au
-  Wh

- st

B.5

A list 0
means
relevar
ratings

Description

escription and INTENDED USE of the device under test (DUT), includiftg”the nar
humber.

Intended use environment

ere will the DUT be installed and used?

what environments of use (i.e. home, healthcare facility, transportation,
doors) will it be found?

Construction

embly of DUT

iliary equipment

at are its dimensions and weight?

he floor loading reasonably well distributed?

List of safety-related components and relevant approvals

f all safety-related components (i.e. parts used in mains, radiation sources, pro

t approyals~and licenses from established test houses and certification bodie
(just copies of data sheets are not acceptable).

ne and

tection

critical materials, internal wiring). For all these components, request copies of

s, with

B.6

Test system

Block diagram of the test system (including the safety conception: insulation diagram) and
supporting equipment. Diagram should show what is within and outside the test area. It should
include cables, DUT, and peripherals. A mechanical assembly drawing with complete parts

list.

B.7

- Wh

Power

at are the power requirements (line voltage, current and frequency) for the DUT

and support equipment?

— How many power cords are there for the DUT and support equipment?

- Wh

at types of power connector are used?
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B.8

List an

B.9

Grounding

y special grounding requirements.

Modes of operation; configurations

— User manual and sales brochures

— Drawing of markings
— How will the DUT be operated?
— How many modes will be tested?

- Ho
- Wh
- Ho
reg
- 1/0
B.10

Define
monito

B.11

B.12

v many line voltages are required to be tested?

en only one mode is to be tested, provide rationale for selecting that mode:

Lilatory requirements.)
ports (siP/sopP) and how will they be used?

Failure modes

red.

RISK ANALYSIS according with 1ISO 14971

Software

v many DUT configurations will be tested? (Use typical installation ’practices or

what constitutes a failure for performance, and describe how errors are identified and

Softwafe validation (including software “specification requirements, software develppment

require

B.13

List an

B.14

ments and software test plan.with results of the tests).

Auxiliary equipment

y equipment required to operate or serve as loads for the DUT (if applicable).

Transformers and chokes

— Ins

allatiensschematic with RATED voltage, current, performance, colours/numbers of leads,

wir¢ diameters, integrated fuses
— Constractional drawing (cross section) with all parts numbered (e.g.. core. core insulation,

isol

ation, spacer, etc.)

— Part list with description of: material, manufacturer, mat.type/model, flameclass, UL-card
or UL listing file number.

— Construction requirements

— Test samples: potted and unpotted
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Annex C
(informative)

Testing and measuring equipment

Table C.1 - IEC 60601-1:1988+AMD1:1991 and AMD2:1995

Clause Test Recommended test equipment
4 Humidity preconditioning Humidity cabinet
6 Durability of markings Cloth, distilled water, isopropyl alcohol and methylated spirit
and a suitable timer/ stop watch
7 Power input Suitable devices for the voltage, current/ power and
frequency
10 Environmental conditions Climate chamber controlling temperature and humidity,
supply 1 phase and 3 phase variacs
15 Limitations voltage/ energy Suitable oscilloscope recorder /set-up @nd’RCL mete
16 ENCLOSURES and PROTECTIVE Pull\push tester, test hook, test finger,/test pin, test r¢d
COVERS 4 mm and 12 mm
17, DEFIBRILLATOR-PROOF APPLIED DEFIBRILLATION-PROOF APPLIED'RART test box
PARTS
18 Earth resistance Earth resistance tester
19 LEAKAGE CURRENTS Variac, V-meter, mVgmeter, diverse circuits, memory|scope

with measuremedqt.functions, measuring device (MD),
aluminium foilisotation transformers

20 Dielectric strength test HIGH-VOLTAGE tester, isolating transformer for HIGH-VPLTAGE
tests

21 Mechanical strength Impact hammers, weights, hard wood plate, balance

24 Stability tests Inclinometer or trigonometric calculation (slope up to|10°)

25 Expelled parts As per IEC 60065

29 X-radiation Radiation meter

36 EMC requirements EMC equipment

39 Common requirements AP and Volt meter, test rod 4 mm, 12 mm , equipment resistajnce
APG meter according to ISO 471 /1SO 1853 / ISO 2878

40 Requirements for CATEGORY AP Same equipment as Clause 40 including special gasgs

ME EQUIPMENT

41 Requirements for CATEGORY APG Same equipment as Clause 40 including special gasgs
ME EQUIPMENT

42 Heating tests V-meter, A-meter, a.c./d.c., temperature indicator/ re¢order
suitable for this function, and thermocouples, test comner, 4
wire resistance unit

44 Spillage Liquids, steriliant measuring cups, pipette, different liguids
for cleaning, IP appliances, sterilisation to client
specification, sterilisation with steam

45 Pressure PTessure gauges

51 Hazardous output Oscilloscope, same equipment as for Clause 42 above

52 Abnormal operation and fault Apparatus for ball pressure test, same equipment as for

conditions Clause 42 above

53 Environmental tests Humidity chamber

56 Components Counter, torque tester, weights

57 MAINS PART Pull tester, different sizes of cables, winding tester for
transformers, micrometer

59 Construction layout Ball pressure test apparatus, micrometer/callipers, force
gauge, multimeter, oven, apparatus for rubber ageing in
oxygen.

Appendix F | Flammable mixtures See also Clause 37 to 40 above, test apparatus
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Annex D
(informative)

Suitable measuring supply circuits

@
—
S5 P4 | |
— — —0O
. I I
I I
I I
(v) A
s AR
PN EY | |
L
= IEC
For legepds, see Table D.1.
Figure D.1 — Measuring supply circuit with one side of the(SUPPLY MAINS at
approximately earth potential
(IEC 60601-1:2005, Figure F.1)
)
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For legepds, see Table D.1.
Figure D12 - Measuring supply circuit with SUPPLY MAINS
approximately symmetrical to earth potential
(IEC 60601-1:2005, Figure F.2)
b T ©
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For legends, see Table D.1.

Figure D.3 — Measuring supply circuit for polyphase ME EQUIPMENT specified for
connection to a polyphase SUPPLY MAINS

(IEC 60601-1:2005, Figure F.3)
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For legepds, see Table D.1.

Figure D.4 — Measuring supply circuit for single-phase ME EQUIPMENT specified [for

connection to a polyphase SUPPLY MAINS
(IEC 60601-1:2005, Figure F.4)
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1
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IEC

For legepds, see Table D.1.
Figure D.5 — Measuring)supply circuit for ME EQUIPMENT having a separate power 1upp|y

ynit or intended._to receive its power from another equipment in an ME SYSTE

(IEC 60601-1:2005, Figure F.5)
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