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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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hnical Committee CEN/TC 205, Non-dctive medical devices, in accordance with the Agt
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main changes are as follows:

this document has-been revised in its entirety to include requirements from the IEC 6(
that pertain to hahd-held medical injectors.

5t of all partsin'the ISO 11608 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa
pletelisting of these bodies can be found at www.iso.org/members.html.
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Introduction

Needle-based injection systems, including on-body delivery systems (OBDSs), containing electronics
with or without software, are primarily intended to administer medicinal products to humans.
Performance requirements regarding essential electrotechnical aspects have been selected with the
intention not to restrict the Electronic Needle-based Injection System (NIS-E) design unnecessarily
when applying the document.

The first edition of this document was limited to pen-injectors with electromechanical drive. Pen-
injectors only equipped with electronics were covered in ISO 11608-1.

Materials U
design, the

There are
national ré
applicable
IEC 60601-

sed for construction are not specified in this document, as their selection will depend)on|
intended use and the process of manufacture used by individual manufacturers.

ther international and national standards and guidance publications and, in sonie count
gulations that are applicable to medical devices and pharmaceuticals. This documer
to NIS-E and specifies relevant aspects of IEC 60601-1:2005+AMD1:2012+AMD?2:2
1-2:2014+AMD1:2020 and IEC 60601-1-11:2015+AMD1:2020 for this particular device ty

the

ies,
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This docuiment does not specify non-electrotechnical requirements and test“methods for NISs when

specified b

Developers
are any ot
document
based app
product. G
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This docun
not intendg

This docur
without ay
electrical 1
NIS-E.

y ISO 11608-1.

and manufacturers of NIS-Es are encouraged to investigate and determine whether t}
her requirements relevant to the safety or marketability of their NIS-Es. For example,
Khould be used in conjunction with IEC 60601-1, IEC 60601-1-2 and IEC 60601-1-11. A 1
foach is expected to be applied during the design, development, and manufacture of

ecific requirements and test methods that differ from what is outlined in this document.

hent is intended to be used for type testing (testing of the development result) of NIS-E.
d to be used for batch release testing.

hent introduces the notion of TypeX'NIS-E and Type Y NIS-E. Type X NIS-E is a device {
y physical cabled connection toJother devices. Type Y NIS-E has such connections.
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iven the specific medicinal product intended usé’and environment, this might result in
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The

equirements in this document for Type X NIS-E is a subset of the requirements for Type Y
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Needle-based injection systems for medical use —
Requirements and test methods —

Part 4:
Needle-based injection systems containing electronics

1
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delijver medication to a patient by self-administration or by administration by one other op
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CIS
Lim

CIS
ISO

Scope

5 document specifies requirements and test methods for needle-based injection syst
faining electronics with or without software (NIS-Es).

needle-based injection system containing electronics can be single usé or reusable
rated with or without electrical/conductive connections to other deviges. The system is i

boiver or health care provider).

5 document applies to electronic accessories that are intended to be physically connected
LE according to the NIS/NIS-E intended use.

5 document also applies to electronic accessories that are intended to have electrical
hections to a NIS or NIS-E according to the NIS/NIS<E intended use.

5 document does not specify requirements for'software in programmable NIS-E.
E IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 14 addresses software life cycle procd

5 document does not specify requirements for cybersecurity.

Normative references

following documents areTreferred to in the text in such a way that some or all of th
stitutes requirementsyof this document. For dated references, only the edition cited 4
ated references, the-latest edition of the referenced document (including any amendmen

PR 11, Industrial,"scientific and medical equipment - Radio-frequency disturbance chard
its and methods of measurement

PR 32, Eleetromagnetic compatibility of multimedia equipment — Emission requirements

11608-1:2022, Needle-based injection systems for medical use — Requirements and test

bms (NISs)

ind can be
ntended to
erator (e.g.

toa NIS or

conductive

Sses.

Pir content
pplies. For
[s) applies.

cteristics -

methods —

Par

 1-Needle-hased injection systems

ISO
ISO
[EC

7137, Aircraft — Environmental conditions and test procedures for airborne equipment
14971:2019, Medical devices — Application of risk management to medical devices

60086-4, Primary batteries — Part 4: Safety of lithium batteries

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance

IEC

60529, Degrees of protection provided by enclosures (IP Code)

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Medical electrical equipment — Part 1: General requirements
for basic safety and essential performance

©IS
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[EC 60601-1-2:2014+AMD1:2020, Medical electrical equipment — Part 1-2: General requirements for basic
safety and essential performance — Collateral Standard: Electromagnetic disturbances — Requirements
and tests

[EC 60601-1-11:2015+AMD1:2020, Medical electrical equipment — Part 1-11: General requirements
for basic safety and essential performance — Collateral standard: Requirements for medical electrical
equipment and medical electrical systems used in the home healthcare environment

IEC 60721-3-7:1995+AMD1:1996, Classification of environmental conditions — Part 3-7: Classification of
groups of environmental parameters and their severities — Portable and non-stationary use

IEC 62133§2, Secondary cells and batteries containing dalkaline or other non-acid electrolytes — safety
requiremer]ts for portable sealed secondary lithium cells, and for batteries made from them, foryuse in
portable agplications — Part 2: Lithium systems

IEC 62304,|Medical device software — Software life cycle processes
[EC 623661, Medical devices — Part 1: Application of usability engineering to medical.devices

[EC 60695411-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical flame
test methodls

[EC 60950-1:2005+AMD1:2009+AMD2:2013, Information technology equipment — Safety — Parnt 1:
General requirements

IEC 60747-b-5, Semiconductor devices — Part 5-5: Optoelectronic devices — Photocouplers

IEC 6100013-2, Electromagnetic compatibility (EMC) — Part 3;2: Limits — Limits for harmonic curfent
emissions (pquipment input current <16 A per phase)

IEC 6100043-3, Electromagnetic compatibility (EMC) - Part 3-3: Limits — Limitation of voltage changes,
voltage flugtuations and flicker in public low-voltage supply systems, for equipment with rated current|<16
A per phase and not subject to conditional connection

[EC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques} Electrostatic discharge immunity-test

IEC 6100044-3, Electromagnetic compuatibility (EMC) — Part 4-3: Testing and measurement techniquefs —
Radiated, rpdio-frequency, electromagrnietic field immunity test

IEC 6100044-4, Electromagnetic;compatibility (EMC) — Part 4-4: Testing and measurement techniqyes -
Electrical fast transient/burstimmunity test

IEC 6100044-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques —
Surge immunity test

[EC 6100044-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniquels —
Immunity tp cohducted disturbances, induced by radio-frequency fields

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

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement techniques
— Voltage dips, short interruptions and voltage variations immunity tests for equipment with input current
up to 16 A per phase

[EC 61000-4-39, Electromagnetic compatibility (EMC) — Part 4-39: Testing and measurement techniques
— Radiated fields in close proximity—- Immunity test

IEC 60085, Electrical insulation — Thermal evaluation and designation
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Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11608-1 and the following
apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

acc
par
pur]

[SO

3.2
acc
par
fing

Not

[SO
test

3.3
air
sho

[SO
"sh

3.4

app
par
intd
fun

Not
parf

Not

[SO
cha

PSS cover
[ of an enclosure or guard providing the possibility of access to electrical equipmént/p:
pose of adjustment, inspection, replacement or repair

JRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.1]

pssible part
L of electrical equipment other than an applied part that can be touched by means of thq
er

e 1 to entry: See also 8.3.2.

JRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.2;modified — "test finger" change
finger", Note 1 to entry added.]

clearance
test distance in air between two conductivéparts

JRCE: IEC 60601-1:2005+AMD1:2012%AMD2:2020, 3.5, modified — "shortest path" ¢
rtest distance".]

lied part
L of electronic needle-based,‘injection system (3.13) that, in normal use (3.28) ,necessa

physical contact with the patient (3.32) for electronic needle-based injection system to |
Ction
e 1 to entry: See alsg'8.3.2.1 regarding the treatment of parts that do not fall within the definitig
s but need to bg.treated as applied parts as a result of applying the risk approach process.

b 2 to entpys See also definition of the associated term patient connection (3.33).

URCEGIEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.8, modified — "ME equipment and }
hgedto "electronic needle-based injection system"”, Note 1 to entry deleted, Note 2 changd

rts for the

small test

d to "small

hanged to

rily comes
berform its

n of applied

E system”
dto Note 1

to

nfry and :\mpnr‘]ad, Note 3 r‘h:\ngnd tonote 2 to r:-nfry and amended ]

3.5
bas

ic insulation

insulation providing basic protection against electric shock

Note 1 to entry: This definition does not include insulation used exclusively for functional purposes.

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.9, modified — Note 1 to entry changed.]
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3.6

basic safety

freedom from unacceptable risk directly caused by physical hazards when electronic needle-based
injection system (3.13) is used under normal condition and single fault condition (3.42)

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.10, modified — "ME equipment" changed to

"electronic

3.7
class Il

needle-based injection system".]

electrical equipment in which protection against electric shock does not rely on basic insulation only,

but in whi
provided, t

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.14]

3.8

creepage ¢listance

shortest di

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.19]

3.9
direct car
use of appl

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.22]

3.10
double ing
insulation

h additional safety precautions such as double insulation or reinforced insulation (3.38)|are

here being no provision for protective earthing or reliance upon installation conditiéons

stance along the surface of a solid insulating material between two conductive parts

liac application
ed part (3.4) that can come in direct contact with the patient’s heart

ulation
comprising both basic insulation (3.5) and supplementary insulation (3.44)

Note1toe
[SOURCE:

3.11
duty cycle
maximum

[SOURCE:
operation

3.12
enclosure

!

ry: Double insulation provides two means‘ef protection (3.24).

C60601-1:2005+AMD1:2012+AMD?2:2020, 3.23]

hctivation (on) time followed by minimum deactivation (off) time

[EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.24, modified — “necessary for the afe

fthe ME equipment” deleted.]

exteriors

Note 1 to e

contact with-s

is considere

[SOURCE: I

rface of-electrical equipment or parts thereof

try; For the purpose of testing to this document, metal foil, with specified dimensions, appligd in

d a part of the enclosure.

EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.26, modified — References to figures in Note 1

to entry deleted.]

3.13
NIS-E
electronic

needle-based injection system

injection system containing electronics (with or without software) intended for parenteral
administration by injection of medicinal products using a needle or soft cannula and pre-filled or

operator-fi

lled, replaceable or non-replaceable containers

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ddfde1a652a38f069e77a7f2b176efcb

ISO 11608-4:2022(E)

3.14

essential performance

performance of a clinical function, other than that related to basic safety (3.6), where loss or degradation
beyond the limits specified by the manufacturer results in an unacceptable risk

Note 1 to entry: Essential performance is most easily understood by considering whether its absence or
degradation would result in an unacceptable risk.

Note 2 to entry: ISO 11608-1 instead uses the term "primary function", which at a minimum, includes the dose
delivery function, achieved through assessment of dose accuracy.

ded]

F-type applied part
applied part (3.4) in which the patient (3.32) connections are isolated from other parts of the electronic
neeflle-based injection system (3.13) to such a degree that no current higher than‘the allowdble patient
leakage current (3.34) flows if an unintended voltage originating from an external source is|connected
to the patient (3.32), and thereby applied between the patient connection (3:33) and earth

Note 1 to entry: Also referred to as: F-type isolated (floating) applied part

Not¢ 2 to entry: F-type applied parts are either type BF (Body Floating) applied parts or type |CF (Cardiac
Flogting) applied parts.

[SOPURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.29,"modified — "ME equipment" fhanged to
electronic needle-based injection system".]

funictional connection
conpection, electrical or otherwise, includingZthose intended to transfer signals, data,| power, or
subptances

Not¢ 1 to entry: Connection to a fixed supply mains (3.45) socket-outlet, whether single or multiple, is not
congidered to result in a functional connéection.

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.33]

3.1Y
insulation co-ordination
mufual correlation of insplation characteristics of electrical equipment taking into account the expected
micro-environment@nd other influencing stresses

Note 1 to entry: This includes insulation types, creepage distances (3.8), air clearances (3.3), distahce through
insylation, coatings, encapsulation, environmental aspects, etc.

[SOPRCE=IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.43]

3.18
intended use

intended purpose

use for which a product, process or service is intended according to the specifications, instructions and
information provided by the manufacturer

Note 1 to entry: The intended medical indication, patient population, part of the body or type of tissue interacted
with, user profile, use environment, and operating principle are typical elements of the intended use (3.18).

Note 2 to entry: Intended use should not be confused with normal use. While both include the concept of use as
intended by the manufacturer, intended use focuses on the medical purpose while normal use incorporates not
only the medical purpose, but maintenance, transport, etc. as well (IEC 60601 1:2005+AMD1:2012+AMD2:2020,
3.44).

[SOURCE: ISO 14971:2019, 3.6, modified — Note 2 to entry added]
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3.19
leakage current
current that is not functional

Note 1 to entry: The following leakage currents are defined: touch current (3.48) and patient leakage current

(3.34).

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.47, modified — "Earth leakage current"

deleted from Note 1 to entry.]
3.20

mains parnt
part of eledtrical equipment forming a circuit that is intended to be connected to the supply mains (3

Note 1 to erjtry: The mains part includes all conductive parts that are not separated from the supply mains (3
by at least one means of protection (3.24).

Note 2 to enftry: The protective earth conductor is not regarded as a part of the mains part.
[SOURCE: I[EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.49, modified — Note 2,tq entry changed.]

3.21
maximum| mains voltage

voltage usgd for test purposes related to the voltage of the supply main${3.45) and connected to cer
medical electrical equipment (3.25) parts

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.56, madified — Note to entry deleted.]

3.22
means of gperator protection
MOOP
means of protection (3.24) for reducing the risk due to electric shock to persons other than the paf
(3.32)

[SOURCE: I[EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.58]

3.23
means of patient protection
MOPP
means of protection (3.24) for reducing the risk due to electric shock to the patient (3.32)

[SOURCE: I[EC 60601-1:20053AMD1:2012+AMD2:2020, 3.59]

3.24
means of protection
MOP
means for reducing the risk due to electric shock in accordance with specific requirements

45)

-45)

Fain

ient

Note 1 to ehtry: The specific requirements shall he in accardance with TEC 60601-1:2005+AMD1:2012+ANMID2:

2020.

Note 2 to entry: Means of protection include insulation, air clearances (3.3), creepage distances (3.8), impedances,

and protective earth connections.

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.60, modified — Note 1 to entry changed to

Note 2 to entry, new Note 1 to entry added.]
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3.25

medical electrical equipment

electrical equipment having an applied part (3.4) or transferring energy to or from the patient (3.32) or
detecting such energy transfer to or from the patient (3.32)

Note 1 to entry: Medical electrical equipment includes those accessories as defined by the manufacturer that are
necessary to enable the normal use (3.28) of the medical electrical equipment.

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.63, modified — Notes 2 to 5 to entry deleted.]
3.26

meicatetectricatsystemr
conjbination, as specified by its manufacturer, of items or equipment, at least one of whicH is medical
eledtrical equipment (3.25) intended to be inter-connected by functional connection (3-16)"or|by use of a
multiple socket-outlet

Not¢ 1 to entry: Equipment, when mentioned in this document, should be taken to(intelude medidal electrical
equipment (3.25).

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.64, modified5— "intended" addled to the
definition.]

3.2
normal condition
congdition in which all means provided for protection againsthazards are intact

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3:70]

3.28
normal use
opefration including routine inspection and adjustments by any operator (3.29), and stand-by}, according
to the instructions for use

Not¢ 1 to entry: Normal use should not be'confused with intended use (3.18). While both include |the concept
of use as intended by the manufacturer,intended use (3.18) focuses on the medical purpose while[normal use
incdrporates not only the medical purpose, but maintenance, transport, etc. as well.

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.71]

3.29
opdrator
perfon handling equipment

Note 1 to entry: The-operator can be different from the patient (3.32) and can be a caregiver, health care provider
or ofher perspn,

[SOPRCESIEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.73, modified — Note 1 to entry added.]

3.3p
over-current release

protective device that causes a circuit to open, with or without time-delay, when the current in the
device exceeds a predetermined value

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.74]

3.31
oxygen rich environment
environment in which the concentration of oxygen is

a) greater than 25 % for ambient pressures up to 110 kPa, or

b) the partial pressure of oxygen is greater than 27,5 kPa at ambient pressures exceeding 110 kPa

©1S0 2022 - All rights reserved 7
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[SOURCE: 1

3.32
patient

EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.75]

living being (person or animal) undergoing a medical, surgical, or dental procedure

Note 1 to entry: A patient can be an operator (3.29).

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.76]

3.33

patient copreetion

individual jpoint on the applied part (3.4) through which current can flow between the patient'(3

and the elegtronic needle-based injection system (3.13) in normal condition (3.27) or single faultCondi

(3.42)

[SOURCE: |EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.78, modified — "ME equipment" change

"electroniqneedle-based injection system".]

3.34

patient legkage current

current

— flowing from the patient connections (3.33) via the patient (3.32) te‘earth, or

— originating from the unintended appearance of a voltage from*an external source on the paf
(3.32) pnd flowing from the patient (3.32) via the patient connections (3.33) of an F-type applied |
(3.15) fo earth

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.80]

3.35

peak working voltage

highest pe
the electri

hk or DC value of a working voltage~(3:52), including repetitive peak impulses generate
al equipment, but not including external transients

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.81]

3.36
potential ¢
conductor
between e

pqualization conducter

ctrical equipmént'and the potential equalization busbar of the electrical installation

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.86, modified — Note to entry deleted.]

3.37
rated

referring tp @value assigned by the manufacturer for a specified operating condition

[SOURCE: 1
3.38

bther than a protective earth conductor or a neutral conductor, providing a direct connecf

32)
fion

] to

ient
hart

1 in

—

on

EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.97]

reinforced insulation

single insu

[SOURCE: I

lation system that provides two means of protection (3.24)

EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.99]
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3.39
responsible organization
entity accountable for the use and maintenance of an electronic needle-based injection system (3.13)

Note 1 to entry: The accountable entity can be, for example, a hospital, an individual clinician or a layperson. In
home use applications, the patient (3.32), operator (3.29) and responsible organization can be one and the same
person.

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.101, modified — Note 2 to entry deleted.]
3.40

secphdat Y cireuit
cirduit that is separated from the mains part (3.20) by at least one means of protection (3.24),4nd derives
its power from a transformer, converter, or equivalent isolation device, or from an jdterndl electrical
power source

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.110, modified — Note to'entry delefed.]

3.4

signal input/output part
sipfsop

part of electronic needle-based injection system (3.13), not being an applied part (3.4), intende to deliver
or ffeceive signals to or from other electrical equipment, for example, for display, recording or data
professing

[SOPURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.115, modified — “ME equipment” fhanged to
“elelctronic needle-based injection system”, Note to entry.deleted.]

3.42
single fault condition
SF(
conflition of electronic needle-based injectigmsystem (3.13) in which a single means for reducjng a risk is
defective or a single abnormal condition.is present

[SOPRCE: IEC 60601-1:2005+AMD1£2012+AMD2:2020, 3.116, modified — "ME equipment” fhanged to
"elelctronic needle-based injection’system".]

3.48
single fault safe
characteristic of electronic needle-based injection system (3.13) or its parts whereby it remagins free of
unacceptable risk during its expected service life under single fault conditions (3.42)

Note 1 to entry: S€e 8710.

[SOPRCE: IEC)60601-1:2005+AMD1:2012+AMD2:2020, 3.117, modified — "ME equipment" fhanged to
"elelctronicneedle-based injection system".]

3.44
supplementary insulation

independent insulation applied in addition to basic insulation (3.5) in order to provide protection
against electric shock in the event of a failure of basic insulation

Note 1 to entry: Supplementary insulation provides one means of protection (3.24).
[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.119]

3.45

supply mains

source of electrical energy not forming part of electronic needle-based injection system (3.13)

Note 1 to entry: This also includes battery systems and converter systems in ambulances and the like.

©1S0 2022 - All rights reserved 9
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[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.120, modified — "ME equipment or ME system"
changed to "electronic needle-based injection system".]

3.46

thermal cut-out

device that, during an abnormal condition, limits the temperature of electrical equipment or of part of
it, by automatically opening the circuit or by reducing the current, and that is so constructed that its
setting cannot be altered except by qualified service personnel

[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.124]

3.47
thermal stability
condition ynder which the temperature of an object does not increase by more than 2 °C overa per
of1h

od

— e

[SOURCE: I[EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.125]

3.48
touch curyent
leakage cuprent (3.19) flowing from the enclosure (3.12) or from parts «theéreof, excluding patlient
connectionf (3.33), accessible to any operator (3.29) or patient (3.32) in ndgrmal use (3.28), through an
external path other than the protective earth conductor, to earth or £o another part of the enclofure
(3.12)

[SOURCE: [EC 60601-1:2005+AMD1:2012+AMD2:2020, 3.78, modified — Note to entry deleted.]

3.49
type BF applied part
F-type applied part (3.15) conforming with specificorequirements to provide a higher degre¢ of
protectionfagainst electric shock than that provided by type B applied parts

Note 1 to efptry: A type BF applied part is marked.with symbol IEC 60417-5333 (see IEC 60601-1:2005+AMID1:
2012+AMDZ2:2020, Table D.1, symbol 20) orfiowhen applicable, with symbol IEC 60417-5334 ([(see
IEC 60601-1:2005+AMD1:2012+AMD2:2020, Table'D.1, symbol 26). See also 3.16.

Note 2 to enftry: BF type applied parts aresnot suitable for direct cardiac application (3.9).

Note 3 to er]try: See also 8.3.2.1 regarding the treatment of parts that do not fall within the definition of applied
parts (3.4) Qut shall be considered(@s)applied parts (3.4) as a result of applying the risk approach process.

Note 4 to eptry: The specificlrequirements shall be in accordance with IEC 60601-1:2005+AMD1:2012+AMID2:
2020.

[SOURCE: IEC 60601~1¢2005+AMD1:2012+AMD2:2020, 3.133, modified — "Risk management procgss"
changed tg "risk approach process" in Note 3 to entry, Note 4 to entry added.]

3.50
type CF a rr\linrl part
F-type applied part (3.15) conforming with specific requirements to provide a higher degree of
protection against electric shock than that provided by type BF applied parts (3.49)

Note 1 to entry: Atype CF applied partis marked with symbol IEC 60417-5335 (see IEC60601-1:2005+AMD1:2012+
AMD2:2020, Table D.1, symbol 21) or, when applicable, with symbol IEC 60417-5336 (see IEC 60601-1:2005+AMD1:
2012+AMD2:2020, Table D.1, symbol 27). See also 3.16.

Note 2 to entry: See also 8.3.2.1 regarding the treatment of parts that do not fall within the definition of applied
parts (3.4) but shall be considered as applied parts (3.4) as a result of applying the risk approach process.

Note 3 to entry: The specific requirements shall be in accordance with IEC 60601-1:2005+AMD1:2012+AMD2:
2020.
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[SOURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.134, modified — "Risk management process"
changed to "risk approach process” in Note 2 to entry. Note 3 to entry deleted, new Note 3 to entry

add

ed.]

3.51
type test
test on representative samples of the equipment with the objective of determining if the electronic
needle-based injection system (3.13), as designed and manufactured, can meet specific requirements

Note 1 to entry: The specific requirements shall be in accordance with IEC 60601-1:2005+AMD1:2012+AMD2:
2020.

[SOPRCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.135, modified — Note 1 to entry\ad

3.5

working voltage

highest voltage to which the insulation or the component under consideration(is;’ or can be
whén the electrical equipment is operating under conditions of normal use (3.28)

Note¢ 1 to entry: Overvoltages that originate outside the equipment are not takénjinto account.
[SOPURCE: IEC 60601-1:2005+AMD1:2012+AMD2:2020, 3.139, modified— Note to entry add€d.
4 (Abbreviated terms

EM(C Electro Magnetic Compatibility

ESO Electrostatic Discharge

EUT Equipment Under Test

N/A Not applicable

NIS Needle-based Injection System

OBIDS On-body Delivery System

RF Radiofrequency

RMp Root-Meau<Square

ISM Industxial, Scientific and Medical

5 |General requirements

5.1 Conditions for application of NIS-E

Hed]

subjected

Unless otherwise specified, the requirements of this document shall apply in normal use and reasonably
foreseeable misuse.

The NIS-E shall fulfil the requirements of ISO 11608-1. In addition, the general requirements for testing
specified in

©IS

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 5,
[EC 60601-1-11:2015+AMD1:2020, and
IEC 60601-1-2:2014+AMD1:2020, Clause 4

02022 - All rights reserved
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shall be considered as applicable to NIS-E.

NOTE Relevant statutory and regulatory requirements (e.g. legislation on restricting the use of hazardous
substances, e.g. for flame retardants) can exist.

5.2 General design requirements

To avoid inadvertent disabling of the NIS-E containing replaceable batteries, it shall not be possible to
remove the batteries unless two independent movements or an access cover openable only with tools
are applied.

If the NIS-H contains software, the software shall be designed based on a life-cycle model in accordqnce
with IEC 62304.
If the NIS-E contains an internal power source (e.g. batteries), it shall be designed to indicdte to|the
operator bly visual, tactile or audible means that it has sufficient power to operate agcording tq its
intended use. This only applies if battery depletion is considered to impact basic safety or esserjtial
performanice.
The NIS-E[shall maintain basic safety and essential performance after the.test of IEC 60529 |for,
applicable [P protection level with the NIS-E placed in the least favourable position of normal use. [The
applicable [P levels is based on the result of the risk approach process. If an/IP level different from 122
is required based on risk assessment, the NIS-E shall fulfil that level.
An externdl device connected to NIS-E is not required to meet IP22.
NIS-E shall be classified as given in Table 1.
Table 1 — NIS-E typedescription
NIS-E type Description
Type X NIS-E internally powered and not electrically/
conductively connected to an external device
Type Y NIS-E that can be electrically/conductively con-

nected to an external device. The connection can

be for external supply, battery charging, data

exchange, or other purposes.
Both Type X and Type Y shall fulfil the requirements given in Clauses 5 to 11. In addition, Type Y shall
fulfil the r¢quirements of 8.3:3-
5.3 RisK approach‘and usability engineering
Essential performance shall be determined using a risk approach process.
For NIS-E whose dose delivery function is electronically driven, the minimum essential performgnce
shall be the=dase dp]ivpry function in accordance with 1SQ 11608-1:2022 1021 The essential

performance shall be always verified. Any failure shall be justified and documented in the risk

manageme

nt file.

Risk analysis, risk evaluation, risk control, evaluation of residual risk acceptability shall be performed
in accordance with ISO 14971:2019, Clauses 4 to 8.

As such, risk management tools shall be used to accomplish the following:

— identify essential performance and basic safety of the system in relation to the intended use of the

NIS;

— identify, establish and add requirements, specifications, methods or limits unique to each specific
NIS-E (taking into account the medical condition for which the product is intended), when they are
not provided in this document.

12
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All added requirements, specifications, methods or limits shall be documented and justified.

A usability engineering program shall be developed and implemented in accordance with IEC 62366-1.
It shall include addressing use risks and tests and/or assessments as part of the design verification and
validation.

6 General requirements for testing

6.1 Type tests

A specified test may not be performed if analysis shows that the condition being testedl has been
adeguately evaluated by other tests or methods.

NOTE The electrical safety tests required by this document are intended to be part of'a NIS tyge test. They
are pot intended to be used for batch release.

6.2 Number of samples

For|NIS-Es with mechanically driven dosing systems, the number of Saitiples specified in 1$0 11608-1
shall be used for testing for dose delivery, if supported by the risk‘approach process. For NIS-Es with
eledtrically-driven dosing systems, 20 samples shall be inspected fot dose delivery (i.e. dose|accuracy).

Type tests shall be performed using at least one sample, cafisidered enough to verify the Hasic safety
aftgr test. Pre-conditioning tests shall be performed using the sample size suitable to|verify the
ess¢ntial performance (e.g. dose accuracy) as indicated i-Tables 2 and 3.

©1S0 2022 - All rights reserved 13
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6.3 Ambient temperature, humidity, atmospheric pressure

After the NIS-E to be tested has been set up for use as given in the instructions for use, tests shall
be performed within the range of environmental operating/transport/storage conditions given in
the instructions for use, unless otherwise specified in the test methods required to be performed or
justified by the risk approach process.

If the operating/transport/storage conditions given in the instructions for use are restricted compared
to IEC 60601-1-11:2015+AMD1:2020, 4.2 the restrictions shall be justified and documented in the risk
management file.

7 Identlification and marking of NIS-E
The requirpments in ISO 11608-1:2022, Clause 11 shall apply.

Additionally, the requirements specified in IEC 60601-1:2005+AMD1:2012+AMD2:2020, Claus
IEC 60601+1-11:2015+AMD1:2020, Clause 7 and IEC 60601-1-2:2014+AMD1:2020;. €lause 5 shall be
considered.

19
N

8 Protqction against electrical hazards

8.1 General
When a NI§-E is energized from an internal power source only,it shall be Type X NIS-E.
NIS-E that fan be electrically/conductively connected to an‘€xternal device shall be Type Y NIS-E.

Type Y sha|l be classified as given in Table 4.

Table 4 — Classification of NIS-E, Type Y

Environment Classification (IEC 60601-1)
Connected to mains

Home health care ClassII

Professional health car€ facility only |Class Il

Both home health cafe and profes- Class 11
sional health care\facility

8.2 Humidity preconditioning treatment

The NIS-E phall be'subjected to the damp heat preconditioning specified in ISO 11608-1:2022, 10.3 for
168 hours |n order'to fulfil the requirements for electrical safety.

NOTE T

This preconditioning shall be related only to the application of basic safety tests in terms of leakage
current and dielectric strength requirements.

Prior to performing leakage current and dielectric strength tests, NIS-E or its parts shall be subjected
to a humidity preconditioning treatment. The test shall be performed at damp heat or if necessary,
immediately after removing the NIS-E from damp heat.

NIS-E or its parts shall be set up either completely or where necessary partially (according to the
instructions for use). Covers used during transport and storage shall be detached.

Parts that can be detached without the use of a tool shall be detached but are treated simultaneously
with the major part.
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Access covers that can be opened or detached without the use of a tool shall be opened and detached.
After the treatment, the NIS-E shall be reassembled, if necessary.

8.3 Requirements and test methods

8.3.1 General

The specified limits (see 8.5.1 and 8.6.3) for protection against electric shock shall not be exceeded for
accessible parts and applied parts in normal condition or single fault condition.

Normmatcomdition strattinciude the fottowing occurring simuttameousty:

— |the presence on any signal input/output part of any voltage or current from(other electrical
equipment connected according to the instructions for use or, if the instructionsifor uge place no
restrictions on such other electrical equipment, the presence of the maximum mains [voltage for
internally powered equipment, maximum mains voltage shall be 240 V; thisréequirement{applies for
Type Y only;

— |short circuit of insulation that does not conform with the insulationrequirements;

— |short circuit of creepage distances or air clearances that do not*conform with the requirements
of creepage distances and air clearances requirements. (Short circuit of insulation/creepage
distances/air clearances may be disregarded for Type X NIS-E.)

Single fault condition includes:
— |short circuit of any one insulation that conforms with the requirements for one means of protection;

— |short circuit of any one creepage distance or air clearance that conforms with the requijements for
one means of protection;

— |unintended movement of a component;

— |short circuit and open circuit of\any component other than a component with high integrity
characteristics thatis connected-in parallel with insulation, with an air clearance or with|a creepage
distance unless shorting cartbe shown not to be a failure mode for the component.

For|Type Y the single fault ¢onditions shall also include the following:
— |interruption of any.one supply conductor;

— |transpositioncof supply connections, for NIS-E intended for connection to a supply maing by means
of a mains plag;

— |accidental detachment of conductors and connectors where breaking free could lead to alhazardous
situation;

— |inferruption of any one power-carrying conductor between NIS-E parts in separate ephclosure, if
this condition can cause permitted limits to be exceeded.

Determination of which parts are accessible parts shall be performed as described in 8.3.2.2. Leakage
currents shall be measured in accordance with 8.5.

8.3.2 Applied parts

8.3.2.1 General
An applied part of both Type X and Type Y NIS-E that includes a patient connection that can deliver

electrical energy or an electrophysiological signal to or from the patient shall be a type BF applied part
or type CF applied part (suitable for direct cardiac application).
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The risk approach process shall include an assessment of whether parts that can come into contact
with the patient but fall outside of the definition of applied parts need to be subject to the requirements
for applied parts. If the risk approach process determines that such parts shall be subject to the
requirements for applied parts, then all the relevant requirements of this document shall apply.

The requirements related to Type BF shall be applicable as a minimum.

8.3.2.2 Accessible parts

Parts of Type X and Type Y NIS-E that are to be regarded as accessible parts shall be identified by

inspection and where necessary hy test In case of doubt accessihility shall he determined hy a test
with the stpndard test finger shown in Figure 1, applied in a bent or straight position:

— for all positions of NIS-E when operated as in normal use;

— after dpening of access covers and removal of parts, including, battery holders,fuses and fuse
holderf, without the use of a tool or according to the instructions for use.

Dimensions in millimdtres

464,3 £0,8 101,6 £0,3 44 +0,15
5
[] A
225,4 10,+2 l R2,8 0,05
o e & e T ------- S — =
r

6259£0,2 T
|
|

| 4

Key

A positiof from where the detailView (see key item 3) is viewed
1 extensipn of handle

2 collar

3 detail view of A’

4 hemispherical radius

5 axes ofjoints

The extensignrof the handle represents the arm ofthe chlld The handle shall be pr0v1ded w1th an extension 464 3lmm
long, and thé - A e OUS€Q
joints shall permlt movement in the same plane and the same dlrectlon through an angle of 90°

NOTE This probe is intended to simulate access to hazardous parts by children of 36 months or less.

SOURCE IEC 60601-1-11:2015+AMD1:2020, Figure 1.
Figure 1 — Small finger probe 2 5,6 mm

The small test finger shall be applied without appreciable force in every possible position. Openings
preventing the entry of the small test finger of Figure 1 shall be mechanically tested by means of a
straight unjointed test finger of the same dimensions, which shall be applied with a force of 30 N. If this

1) IEC60601-1-11:ed.2.1 Copyright © 2020 IEC Geneva, Switzerland. www.iec.ch.
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finger enters, the test with the small test finger of above Figure 1 shall be repeated, the finger being
pushed through the opening if necessary. Any area on the NIS-E that allows contact by the test finger
shall be considered accessible and the requirements for accessible parts shall apply.

8.3.3 Requirements related to power sources

8.3.3.1 Connection to an external DC power source

If a Type Y NIS-E is intended to be connected to a power supply (e.g. during charging), then a connection
with the wrong polarity shall not lead to a hazardous situation. The Type Y NIS-E, when connection is
subtequently made with the correct polarity, shall maintain basic salety and essential periofmance.

Profective devices, operating during the wrong polarity condition, that can be reset by anygge without
the[use of a tool shall be acceptable provided the Type Y NIS-E returns to normal condition on reset.

Conformance shall be checked by inspection and, if necessary, by functional tests!
8.313.2 Batteries

8.3{3.2.1 Housing

Type X and Type Y NIS-E housings containing batteries from which gases can escape during charging
or discharging shall be ventilated so that there shall be no uhacceptable risk from the accugnulation of
gasges and possible ignition shall be prevented.

Batfery compartments of NIS-E shall be designed to prevent accidental short circuiting of the battery
wh¢re such short circuits could result in hazardous<situations described in 8.9.

Corfformance shall be checked by inspection of.the design documentation and the risk management file.

8.3/3.2.2 Connection

For|Type X and Type Y NIS-E, if athazardous situation can develop by the incorrect cornection or
replacement of a battery, NIS-E 'shall be fitted with a means of preventing incorrect polarity of
conpection.

Confformance shall be checked by inspection.

8.313.2.3 Protection-against overcharging

For|Type Y NIS<E-where overcharging of any battery of NIS-E can result in an unacceptabfle risk, the
des]gn shall prevent overcharging.

Confformanee shall be checked by inspection of the design documentation.

8 3 2 24 Lithinm - bhatitorioc
D GITETT

1
TICIITOUIIT DUOCCCTICY

For Type X and Type Y NIS-E, primary lithium batteries shall conform with the requirements of
IEC 60086-4. Secondary lithium batteries shall conform with the requirements of IEC 62133-2.

Conformance shall be checked by inspection of the battery design documentation or by performance of
the tests identified in IEC 60086-4 for primary lithium batteries and IEC 62133-2 for secondary lithium
batteries.

8.3.3.2.5 Excessive current and voltage protection

Aninternal electrical power source in a Type X and Type Y NIS-E shall be provided with an appropriately
rated device for protection against fire caused by excessive currents if the cross-sectional area and
layout of the internal wiring or the rating of connected components can give rise to a fire in case of
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a short circuit. Protective devices shall have adequate breaking capacity to interrupt the maximum
fault current (including short circuit current) which can flow. Justification for omission of fuses or over
current releases shall be documented.

The short circuit test between the positive pole and the negative pole 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 reported in 8.9.

Conformance shall be checked by inspection for the presence of protective means, and if necessary, by
inspection of the design documentation. Alternatively, conduct the short-circuit test and none of the

hazardous|situation shall occur.

8.3.4 Limitation of current for accessible parts and applied parts

The currents from or to patient connections shall not exceed the limits for patientleakage curfent
specified i 8.5. Test configurations shall be specified in 8.5.

The leakage currents from, to or between accessible parts other than patient.connections shall{not
exceed thellimits for touch current specified in 8.5. Test configurations shall-be specified in 8.5. This
clause applies to both Type X and Type Y NIS-E, as applicable.

8.4 Separation of parts (Type X and Type Y)

8.4.1 Magans of protection (MOP)

8.4.1.1 (eneral

Means of Pptient Protection (MOPP) is a higher criteriaof protection than Means of Operator Protection
(MOOP) sipce the patient is directly connected to-the NIS-E. Therefore, MOPP shall be the minimpum
level of prdtection required for Type X and Type Y NIS-E. NIS-E shall have two MOPP to prevent appllied
parts and gther accessible parts from exceeding the values specified in 8.5.

Varnishing, enamelling, oxidation and,similar protective finishes, as well as covering with sealing
compoundp that can replasticize at-temperatures to be expected during operation (including
sterilizatiln), shall not be regarded-as-a means of protection.

Coatings and other insulation that'are intended as a means of protection and that fulfil the requiremé¢nts
of IEC 609%0-1 or IEC 62368-1 eannot automatically be used as a means for patient protection.

NOTE For means of patient protection, considerations can arise as a result of the risk approach process.
Components and wiring forming a means of protection shall conform with the relevant compongnts
and wiring requiréments.

Any insulgtien, creepage distance, air clearances, component that does not conform with |the
requirements of MOPPShall ot be considered as a means of protection. Failure of any or ail such parts

shall be regarded as normal condition.

Conformance shall be checked according to 8.4.1.2.

8.4.1.2 Means of patient protection (MOPP)

Solid insulation forming a means of patient protection shall conform with the dielectric strength test
according to 8.6.3.

Creepage distances and air clearances forming a means of patient protection shall conform with the

limits spec

22

ified in Table 5.
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Opto-couplers conforming with IEC 60747-5-5 shall be in accordance with 8.6.2 and 8.8. All of the
following shall apply:

air clearance at the outside of the opto-coupler;
creepage distance at the outside of the opto-coupler; and

dielectric strength across the opto-coupler.

MOPP can also be achieved by the following:

a) Barriers prnviding 2 MOQP with air clearance wvalues m‘r‘nrding to TEC 60950-1 meet the
requirements for 1 MOPP according to Table 3.

b) |Barriers providing reinforced insulations (2 MOOP) with air clearance valties acgcording to
IEC 62368-1:2018 for working voltages up to and including 354 V direct curren/250 V RMS meets
the requirements for 1 MOPP according to Table 5.

c) |Barriers providing reinforced insulations (2 MOOP) with creepage. distances acfording to
IEC 62368-1:2018, Table 17 and Table 18 or IEC 60950-1:2005+AMDP1:2009+AMD2:201B, Table 2N
meet the requirements for 1 MOPP according to Table 5.”

NOTE1 The factor of 1,6 on insulation test voltage is only used for thermal cycling tests, as also in pther safety

starjdards (e.g. IEC 62368-1, IEC 60950-1). IEC 60747-5-5 applies different test methods. Because cpnformance

with I[EC 60747-5-5 is regarded as equivalent to the thermal cyclingtest, the 1,6 factor is not required. This is the

samle approach used in IEC 62368-1:2018, 5.4.4.4.

NOTE 2  Distance through insulation (0,4 mm) and thermal cycling testing are not required because
conformance with the component standards addresses therisk of pin holes and thermal effects on tHe insulating
compound.
Table 5 — Minimum creepage distances and air clearances providing means of patient
protection
Warking voltage | Working voltage | Spacing providing one means of | Spacing providing twd means of
VIDCup toand | VRMS up to and patient protection patient protectjon
including including Creepage dis- | Air clearance Creepage dis- | Air ¢learance
tance tance
mm mm
mm mm
17 12 1,7 0,8 3,4 1,6
43 30 2 1 4 2
85 60 2,3 1,2 4,6 2,4
177 125 3 1,6 6 3,2
354 250 4 2,5 8 5
If vgltagefalls between limits, the higher limit shall be used.

8.4.2 Separation of patient connection

8.4.2.1 F-type applied parts

The patient connection(s) of any F-type applied part shall be separated from all other parts, including
the patient connection(s) of other applied parts, by means equivalent to one means of patient protection
for a working voltage equal to the maximum mains voltage and shall conform with the specified limit
for patient leakage current with 110 % of the maximum mains voltage applied (240 V for internally
powered NIS-E).

A single F-type applied part may include multiple functions, in which case separation between such
functions shall not be required.

©1S0 2022 - All rights reserved 23


https://standardsiso.com/api/?name=ddfde1a652a38f069e77a7f2b176efcb

ISO 11608-4:2022(E)

If there is no electrical separation between patient connection(s) of the same or another function, then
these patient connection(s) are treated as one applied part.

It shall be defined whether multiple functions are considered as all within one applied part or as
multiple applied parts.

The classification as type BF, type CF applies to the whole of one applied part.

Conformance shall be checked by inspection, by the leakage current tests of 8.5, by the dielectric
strength test of 8.6.3 and by measurement of relevant creepage distances and air clearances.

8.4.3 Mdximum mains voltage

The maxinjum mains voltage for internally powered NIS-E shall be 240 V RMS (see also Annex'B).

8.4.4 WIrking voltage

The working voltage for each means of protection shall be determined as follows:

— theingut supply voltage to the NIS-E shall be the rated voltage or the voltage'within the rated volfage
range Which results in the highest measured value;

— for working voltage measurement, all circuits shall be connected to earth with the exceptioh of
floatinlg parts providing atleast one means of protection to earthin which case the highest measyred
voltage on either side of the barrier is the working voltage (see Eigure 2).

24 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ddfde1a652a38f069e77a7f2b176efcb

ISO 11608-4:2022(E)

Key]

UW
Lo
U,
No |
B
i
PE o o o

casel: X=1 MOP

The floating circuit is isolated from earth by 1 MOP based on the floating circuitivoltage U,. The wor
(U,,) of the mains barrier is the highest voltage of one side or the barrier, i&\U; or U, whichever
magnitude.

case2: X< 1 MOP

The floating circuit is not isolated by at least 1 MOP to earth based on the floating circuit vol
the measurement of the working voltage (U,,) of the mains bdrrier both sides have to be earth
repeatable worst-case results.

line terminal

neutral terminal
patient enclosure
mains voltage

floating circuit voltage
working voltage

reference earth (for leakage current and patient auxiliary current measurements and fo
defibrillation-proof applied partsynot connected to protective earth of the supply mains)

Figure 2 — Working voltage measurement

the working voltagefor each means of protection forming double insulation shall be the

which the doubl€’insulation as a whole is subjected;

the workingvoltage between the patient connection(s) of an F-type applied part and th

shall betaken as the highest voltage appearing across the insulation in normal use. See 3

forxDC voltages supplied to Type Y NIS-E (e.g. output voltage of an external AC/DC pow
with superimposed ripple, the working voltage shall be the average value if the peak-to-

king voltage
is greater in

kage U,. For
bd to obtain

' testing of

voltage to
b enclosure

Iso 8.4.2.1;

br adapter)
beak ripple

8.5

fdoes ot exceed 109 Of the average valtue Or e peak voitage if the peak-to-pear Tip
10 % of the average value.

Patient leakage current and touch current (Type X and Type Y NIS-E)

8.5.1 General

8.5.1.1 Electrical isolation providing protection against electrical shock

le exceeds

The electrical isolation providing protection against electric shock shall ensure that currents flowing
through it are limited to the specified values.

© IS0 2022 - All rights reserved
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Type X NIS-E shall be investigated for touch current but only between parts of the enclosure, not
between the enclosure and earth. For internally powered Type Y NIS-E touch current should be
investigated between parts of enclosure and between not earthed metallic accessible parts and earth
considering its connection to an external electrical equipment (e.g. PC).

There shall be 2 means of patient protection (at 240 V) between 1 or 4 and both 2 and 5.

2 4
/
| \ ) ﬂ
3 3
a) Electrical isolation (Type X NIS<E)
2

Nt / .
%
A 1/ ﬂ

‘T\ ..

3
b) Electrical isolation (Type Y NIS-E)

accessiplepart (enclosure)

internal power source (battery)

1
2
3 means of protection
4  applied part (needle)
5

external supply/wired connection

Figure 3 — Illustration of electrical isolation providing protection against electrical shock
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The specified values of the touch current and the patient leakage current shall apply in any combination
of the following conditions:

at operating temperature and following the humidity preconditioning treatment, as described in

8.2;
after any required sterilization procedure;
in normal condition and in the single fault conditions below specified;

with NIS-E energized in stand-by condition and fully operating;

8.5

Thd
leal
par

Sing

mains voltage on applied parts and non-protectively earthed parts of the enclosure.

8.5

Thd
the
defi

The
sha
oth

a)

with the highest rated supply frequency;

with a supply voltage equal to 110 % of the highest rated mains voltage (264 V RMS:for 1|
voltage of 240 V RMS, 253 V RMS for rated mains voltage of 230 V RMS, 121 V RMS for r
voltage of 110 V RMS, etc).

1.2 Single fault conditions

values given in Table 6 shall be applied in the single fault conditiens specified in 8.10
fage currents shall not be measured in the single fault condition 6f short circuiting of one
L of double insulation.

rle fault conditions shall not be applied at the same time{as*the special test conditions of

1.3 Allowable values

following allowable values specified in a),»)*and c) shall be applied to currents flowi
electrical circuit of Figure 4a or by a dewvice measuring the frequency contents of the ¢

ned in Figure 4b.

current shall be measured as shewn in the electrical circuit of Figures 4, 5, 6, 7and 8.
1 be applied to direct current,/alternating current, and composite waveforms. Un
erwise they are direct current or RMS.

The values of the patientdeakage currents shall be as given in Table 6. The values of
current shall be applied to currents having a frequency not less than 0,1 Hz.

hted mains
hted mains

bxcept that
ronstituent

maximum

hg through
urrents as

The values
ess stated

hlternating
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Table 6 — Values of patient leakage currents

a  Normal

Current Description Measuring Current Type BF applied Type CF applied
S part part
circuit type
NC2 SFCb NC2 SFCbP
pHA pHA pHA pHA
Patient |Patientleakage current Figure 6 Direct 10 50 10 50
leakage |0 o xternal powered Alternating | 100 500 10 50
current : :
devices: From patient con-
ection to earth
For internally powered
devices: From patient con-
hection to accessible parts
hnd applied parts
Caused by an external Figure 7 Direct 10 50 10 50
voltage on a signal input/ Alternating | 100 500 10 50
putput port
All AC valueg§ shall be applied to currents having a frequency not less than 0,1 Hz

condition

b Single f4ult condition
b) NIS-E Wwith a patient connection of a type F applied part and with metal accessible parts that|are
not protectively earthed shall be additionally tested accordingto Figure 8; the values are specified
in Table 7.
Table 7 — Values of patient leakage eurrents under special test
Current Description Type BF Type CF
Applied Part Applied Pargt
HA HA
Patient lealtage |Caused by an external voltageon a patient of an F-type 5000 50
current applied part
Caused by an externalyvoltage on a metal accessible part 500 a
not protectively earthed
2 This condition shall not be tested-with type CF applied parts because it is covered by the test with maximum mfins
voltage on the applied part.

c) The al
fault c
and fr
condit
device

28

owable valués of the touch current are 100 pA in normal condition and 500 pA in sij
bndition when measured in accordance with Figure 9. Additionally, regardless of wavefi
bquencyyleakage current shall not exceed 10 mA RMS in normal condition or in single f
on wheén measured with a non-frequency-weighted measuring device, such as a measu
simmilar to that shown in Figure 4 but without C; and R;.

ngle
Drm
ault

[ing
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| R_ ______ A Y
I —L I
| - :
e er
| L ~40
| | J
| | -60
- J
10 107 10° 10* 105 10° X
a) Measuring device b) Frequency characteristics
Key
X | frequency f(Hz)
Z
Y [ relative magnitude? dB:20 i
Z(f=10)

1 | voltage measuring instrument. Resistance =1 M() and capacitance <150 pF

R, | (10 +5 %) kQ

R, |(1%1%)kQ

¢, | (0,005 +5 %) uF

Z | impedance

a Z(f) is the transfer impedance of the network, i.e. Vi fk, for a current of frequency f.

(where V;, pertains to input voltage and /;,, pertainsi.to input current)

SOURCE IEC 60601-1:2005+AMD1:2012+AMD2:2020, Figure 122).

Figure 4 — Example of a measuring device and its frequency characteristicg

8.5]2 Measurement of patient leakage current

Medsurement of patient Jeakage current shall be performed as follows:

a) |NIS-E with an applied part shall be tested in accordance with Figures 6 to 8 and shall he tested at
thermal stability” An enclosure, other than an applied part, made of insulating mater}al shall be
placed in anyposition of normal use upon a flat metal surface connected to earth with dlimensions
at least equal to the plan-projection of the enclosure. For a Type Y NIS-E supplied by gn external
powersupply, it shall be considered to be supplied by the measuring supply circuit of Figure 5. Type
X NIS#E and internal powered Type Y NIS-E shall be tested without any connection to ajmeasuring
supply circuit.

2) IEC60601-1:ed.3.2 Copyright © 2020 IEC Geneva, Switzerland. www.iec.ch.
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SOURCE IEC 60601-1:2005+AMD1:2012+AMD2:2020, Figure F.12).

1
O e b ro_jl
2 o
B
() 51' _:\‘\o—@il——-ko |
1 1
l L

—R

externgl power source of Type Y NIS-E
mains
switch pimulating interruption of power supply conductor

commytator switches to reverse the polarity of the mains voltage

single ipolation transformers with sufficient power rating and variable output yoltage

socketd, plugs or terminals for the supply connection of external power source‘of Type Y NIS-E
voltmeter

referenjce earth (forleakage currentand patientauxiliary current measurements and for testing of defibrillagion-
proof applied parts, not connected to protective earth of the supply.mains)

Figure 5 — Measuring supply circuit with one side of the supply mains at approximately eanth

b)

d)

30

potential to be used for Type Y NIS-E'¢onnected to an external power source

NIS-E with an F-type applied part shall-additionally be tested according to Figure 6. Signal input/
outputparts shall be connected to.arth, if not already permanently earthed in the NIS-E. For a Tiype
Y NIS-E with F-type applied partand supplied by an external power supply, it shall be considered to
be supplied by the supply measuring circuit of Figure 5;

— for this measuremehnt) non-protectively earthed metal accessible parts including patjent
connections of othenapplied parts (if present) shall be connected to earth.

NIS-E with an applied part and a signal 1nput/output part shall additionally be tested accordl o to

Figure|7
be con

— the
coh
circuit analysis.

NIS-E with a patient connection of a type BF applied part and with metal accessible parts that are
not protectively earthed shall additionally be tested according to Figure 8. Type X and internal
powered Type Y NIS-E shall be tested without any connection to a measuring supply circuit. For
a Type Y NIS-E with type BF applied part and supplied by an external power supply, it shall be
considered to be supplied by the supply measuring circuit of Figure 5;

— the applied voltage shall be equal to 110 % of the maximum mains voltage. This test may not be
conducted if it can be demonstrated that there is adequate separation of the parts involved, or
if the risk is acceptably low.
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e) An applied part consisting of a surface made of insulating material shall be tested using metal foil
of minimum 20 cm x 10 cm.

f)  Where the surface of the applied part intended to contact the patient is considerably larger than
that of a foil of 20 cm x 10 cm, the size of the foil shall be increased to correspond to the area
of contact. Such metal foil shall be considered as the only patient connection for the applied part
concerned.

g) The patient leakage current shall be measured:

— for type BF applied parts, from and to all patient connections of a single function either
connected directly together or loaded as 1n normal Use,
— for type CF applied parts, from and to every patient connection in turn.
o O - -
Y Applied part| Normal‘€éon- | Single|fault
A type dition condiftion
[FD] uA nA
° CF 10 5(
T B BE 100 50p

Key

A mains part

B EUT mounting surface

C patient connection(s)

MD| measuring device

i reference earth (for leakage current and patient auxiliary current measurements and fof testing of
— defibrillation-proof applied parts, not connected to protective earth of the supply mains)

Typg Y NIS-E supplied by an external power supply, shall be considered to be supplied by the supply measuring

circpit of Figure 5.

SOURCE IEC 60601-1:2005+AMD1:2012+AMD2:2020, Figure K.12).

Figure 6 — Measuring circuit for patient leakage current from the patient connection to earth
(TypeY)
)
\B{ Applipd part Normal con- Qinglp fault
type dition condition
A A
A (D] ' i
CF 10 50
BF 100 500
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A signal input/output part
B patient connection(s)
MD  measuring device

@ supply mains voltage source

_L reference earth (for leakage current and patient auxiliary current measurements and for testing of
— defibrillation-proof applied parts, not connected to protective earth of the supply mains)

SOURCE IEC 60601 1:2005+AMD1:2012+AMD2:2020, Figure K.32).

L w |

igure 7 — NIS-E (Type Y) with an applied part and a signal input/output part

C
Sk K Applied part| Single fault
| \BJ type condition
|
| [MD | (A
|
A | e CF 50
. BF 500
Lz . B -

A not protectively earthed part
B patiemnt connection(s)
MD  measpring device

@ supply mains voltage source

1=

_.L refergnce earth (for leakage cutrent and patient auxiliary current measurements and for testing of

— defibfillation-proof applied parts,not connected to protective earth of the supply mains)
SOURCE IEQ 60601-1:2005+AMD1:2012+AMD2:2020, Figure K.22).

P

Figure 8 — NIS-E (Type Y) with a patient connection of type BF applied part

8.5.3 Mge¢asurement of touch current

NIS-E shalll Bestested according to Figure 9, using an appropriate measuring supply circuit.

Measure with a measuring device between earth and each part of the enclosure(s) that is not
protectively earthed. Measure with a measuring device between parts of the enclosure(s) that are not
protectively earthed.

Type X shall be investigated for touch current but only between parts of the enclosure, not between the
enclosure and earth.

If NIS-E has an enclosure or a part of the enclosure made of insulating material, metal foil of maximum
20 cm x 10 cm shall be applied in intimate contact with the enclosure or relevant part of the enclosure.

If the NIS-E is larger than the foil, the metal foil shall be shifted, if possible, to determine the highest
value of the touch current. The metal foil should not touch any metal parts of the enclosure that are
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possibly protectively earthed; however, metal parts of the enclosure that are not protectively earthed

can

be covered partly or totally by the metal foil.

In normal condition, the touch current from or between parts of the NIS-E within the patient
environment shall not exceed 100 pA.

8.6

8.6

Onl
be s

Instilation forming means of operator protection shall be exempt from the tests of 8.6 if i
h the requiréments and tests of IEC 60950-1:2005+AMD1:2009+AMD2:2013 or IEC 62368-1 for
insylation ca-grdination.

wit

8.6

LA ]
N

measuring device

reference earth (for leakage current and patient auxiliary current measurements and fo
defibrillation-proof applied parts, not connected to protective earth of the supply mains)

a Type Y NIS-E supplied by an external power supply, it shall be considered to be supplied by
suring circuit of Figure 5.

Figure 9 — Measuring circuit for touch current

Insulation (Type X and Type'Y)

1 General

y insulation that can(berelied upon as a means of protection, including reinforced insul
ubject to testing.

2 _“\Distance through solid insulation or use of thin sheet material

I testing of

the supply

htion, shall

k conforms

NOTE

insulation operating at working voltage below 71 V.

This document does not specify requirements for minimum thickness for basic insulation and for

Solid insulation which forms supplementary insulation or reinforced insulation for a peak working
voltage greater than 71 V shall either

a)
b)

©IS

have a distance through insulation of at least 0,4 mm, or

not form part of an enclosure and not be subject to handling or abrasion during normal use, and

comprise

— atleast two layers of material, each of which shall pass the appropriate dielectric strength test;

or

02022 - All rights reserved
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— three layers of material, for which all combinations of two layers together shall pass the
appropriate dielectric strength test.

The appropriate dielectric strength test for the one or two layers shall be the test for one means of
protection in the case of supplementary insulation or the test for two means of protection in the case of
reinforced insulation, respectively.

Conformance shall be checked by inspection, by measurement of thickness and by the dielectric
strength test specified in 8.6.3.

The finished component shall pass routine tests for dielectric strength using the appropriate test
voltages syfecified in 8.6.3.

8.6.3 Dielectric strength

The dielectric strength of solid electrical insulation of NIS-E shall be capable of withstaiding the fest
voltages a§ specified in Table 8. Only insulation with a safety function shall be subjected to testiing.
For Type Xit shall be treated as a secondary circuit providing 2 MOPP. For Type Y,it'shall be treatefl as
protected from mains with 1 MOPP for Class [ and with 2 MOPP for Class II.

Table 8 — Test voltages for solid insulation forming a means of protection

Peak working Peak working Means of patient protection
voltage| (U) voltage (U) Protection from mains part Protection from secondary
V peak V DC circuits
One MOPP Two MOPP One MOPP Two MOPE
AC RMS ACRMS ACRMS ACRMS
U<424 U<60 1500 3000 500 1000
42,4 < Ul 71 60<U<71 1500 3000 750 1500
71 < U<|184 71<U<184 1500 3000 1000 2000
184 <U ¢ 212 184 <U<212 1500 3000 1000 2000
212<U 4354 212<U<354 1'500 4000 1500 3000

Conformar]ce shall be checked by applying the test voltage specified in Table 8 for 1 min. Alternatiyely,
a DC test vpltage equal to the peak value of the AC test voltage may be used with conformance chedked
by applying the test voltage specified in Table 8 for 1 min. Initially, not more than half the test vol{age
shall be applied, and then it shall gradually be raised over a period of 10 s to the full value, which shall
be maintaiped for 1 min, after which it shall gradually be lowered over a period of 10 s to less than half
the full valpe.

During thq test, bréakdown constitutes a failure. Insulation breakdown shall be considered to Have
occurred when the-eurrent which flows as a result of the application of the test voltage rapidly incregses
in an uncontrelléd manner. Corona discharge or a single momentary flashover shall not be regardefl as
insulation pteakdown.

Where an enclosure or part of enclosure consists of non-conductive surfaces, metal foil shall be applied.
Care shall be taken that the metal foil shall be positioned in such a manner that flashover does not
occur at the edges of insulation linings. If applicable, the metal foil shall be moved so as to test all parts
of the surface.

8.7 Insulation other than wire insulation

8.7.1 Mechanical strength and resistance to heat

For Type X and Type Y NIS-E, the resistance to heat shall be retained by all types of insulation, including
insulating partition walls, during the expected service life of the NIS-E.
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Resistance to heat shall be established by the following tests, which may not be performed if satisfactory
evidence of conformance shall be provided.

For parts of the enclosure and other external insulating parts that provide protection, the deterioration
of which could result in an unacceptable risk, evaluate the mechanical strength and resistance to heat
using the ball-pressure test.

Enclosures and other external parts of insulating material, except the insulation of flexible cords and
parts of ceramic material, shall be subjected to a ball-pressure test using the test apparatus shown in

Figure 10.

Key
1 |r=2,5mm spherical

2 |test sample

SOURCE  IEC 60601-1:2005+AMD1:2012+AMD2:2020, Figure 212).

Figure 10 — Ball-pressuire test apparatus

The surface of the part to be tested shall be pla€ed in the horizontal position and a steel b4ll of 5 mm
diatleter shall be pressed against the surface with a force of 20 N. The test shall be perfprmed in a
heafing cabinet at a temperature of (75 #2)-°C.

For|parts of insulating material that,support uninsulated parts of the mains part, the defterioration
of which could influence the safety of the NIS-E, by the ball-pressure test a test shall be [performed
as dpecified above, but at a temperature of (125 + 2) °C. The test shall not be performed pn parts of
cergmic material, insulating'‘parts of commutators, brush-caps and the like, and on coil fprmers not
usef as reinforced insulation.

Theg ball shall be withdrawn after 1 h and the diameter of the impression made by the ball shall be
megsured. An impression greater than 2 mm in diameter constitutes a failure.

The need for ball'pressure test for the NIS-E shall be determined by the risk approach procegs (see 5.3).

8.8| Creepage distances and air clearances (Type X and Type Y NIS-E)

8.8. T General
Protection levels shall be in accordance with Table 5.

For creepage distances across glass, mica, ceramic and other inorganic insulating materials with similar
tracking characteristics, the specified minimum value of air clearance shall be applied as the minimum
creepage distance.

Unless otherwise declared in the information supplied with the NIS-E, NIS-E shall be rated to operate
at an altitude up to 3 000 m. Where NIS-E is intended to be operated in a pressurized environment,
e.g. aircraft, the operating altitude corresponding to the air pressure concerned shall be used in
determining multiplication factor from Table 9. The air clearance shall then be multiplied by this factor.
Creepage distances shall not be subject to the multiplication factors but shall always be at least as large
as the resulting value for air clearance.
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Table 9 — Multiplication factors for air clearances for altitudes up to 5 000 m

8.9 Speq

8.9.1 Ge

When appllying the single fault conditions, one at a time, none of the hazardous situations listed in

document

Where a si
as one sing

During any

8.9.2 Emissions, deformation of enclosure or exceeding maximum temperature

The follow
— Emissi
— Deforn

— Tempe

Rated operating altitude Normal barometric Multiplication factor for
(a) pressure MOPP
m kPa
a<2000 80,0 1,00
2000<a<3000 70,0 1,00
3000<a<4000 62,0 1,14
4000<a<5000 54,0 1,29
ific hazardous situations
neral

thall occur in NIS-E.

hgle fault condition causes another single fault condition, the two failures shall be conside
le fault condition.

test under single fault condition, only one fault at a time shall be applied.

ng hazardous situations shall not occur in normakand single-fault condition.
on of flames, molten metal, poisonous or ignitable substance in hazardous quantities.
hation of enclosures to such an extent that conformance with 8.7.1 is impaired.

ratures of applied parts exceeding the allowed values identified in Table 10 when the N

is ope
specifi

— Temperatures of NIS-E parts that are not applied parts but are likely to be touched, exceeding

allow

— The values identified in Table 10 and 11 shall apply when the NIS-E is operated in worst-case norj
use in¢luding the maximum ambient operating temperature specified in the instruction for use

— Tempegratures exeeeding 1,5 times minus 12,5 °C the allowable values for “other components
materifals” identified in Table 12. Limits for windings shall be as specified in IEC60601-1:2005+AM
2012+AMD2:2020, Tables 26, 27 and 31. In all other cases, the values of Table 12 shall apply.

The single fault conditions with regard to the emission of flames, molten metal or ignitable substan|

Fated in worst-case normal us€¢ including the maximum ambient operating temperat
d in the technical description:

le values in Table 11.

this

red

S-E
ure

the

mal

And
D1:

ces,

shall not beapplied o partsand components Where

— the construction or design of the supply circuit limits the power dissipation in single fault condition

to less

than 15 W or the energy dissipation to less than 900 J.

Conformance shall be checked by drawing 15 W from the supply circuit for 1 min. If, after 1 min. the
supply circuit cannot supply 15 W, the circuit shall be considered to limit power dissipation to less than

15W.

The related design documentation shall also be reviewed where direct measurement is not possible.
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Secondary circuits shall meet the following conditions:

— mountedonmaterialwithaflammabilityclassificationofFV1inaccordancewithIEC60695-11-10:2013
or better;

— theyare energized at a voltage of 60 V DC or 42,2 V peak or less in normal and single fault condition;
— they are limited to 100 VA or are limited to 6 000 ] in single fault condition;

— they employ wire insulation of types PVC, TFE, PTFE, FEP, polychloroprene or polybromide.

1able 1U — X1mu u 1 w1 - 1 3

Maximum temperature 2P

°C
Applied parts of NIS-E Class. oorcelaik Moulded material,
Metal and liquids . P N\ plastic| rubber,
vitreous material
wood
Applied part having t<1min 51 56 $0
coptact with the pa- | 1 min <t< 10 min 48 48 48
flent for a time, ¢ 10 min < ¢ 43 43 }3

a  |These temperature limit values shall be applicable for the healthy skin‘of adults. They shall not be applicable when
large areas of the skin (10 % of total body surface or more) can be in confact'with a hot surface. They shall not e applicable
in the case of skin contact with over 10 % of the head surface. Where this'is the case, appropriate limits shall bq determined

and|documented applying the risk approach process.

b |Where it is necessary for applied parts to exceed the tempefature limits of Table 9 in order to provide clifical benefit,
the fisk approach process proves that the resulting benefit exceeds any associated increase in risk.

Table 11 — Maximum temperatures-for NIS-E parts that are likely to be touched

Maximum temperature 2
°C
NIS-E and its parts Glass. porcelain Moulded material,
Metal and liquids . P e plastic| rubber,
vitreous material
wpod
Exfernal surfaces of t=1s 7 80 fk6
NI§-E that are likely Ts<t<10s 56 66 (1
tolbe touched for a 10s<t<1min 51 56 60
time, ¢ 1minst 48 48 8

2  |These tempeKature limit values shall be applicable for touching the healthy skin of adults. They shall not lpe applicable
whgn large areas of the skin (10 % of total body surface or more) can be in contact with a hot surface. This allso applies in
the [case ofskin contact with over 10 % of the head surface. Where this is the case, appropriate limits shall bd determined

and|documented applying the risk approach process.

Table 12 — Maximum temperatures of parts

Parts Maximum E((e:mperature

Insulation, including winding insulation 2
a  The classification of insulating materials shall be in accordance with IEC 60085. Any incompatibility of the materials
of an insulating system that could reduce the maximum temperature limit of the system below the limits of the individual
materials shall be considered.

b T marking refers to the marked maximum operating temperature.

¢ For each material and component, account shall be taken of the temperature ratings for each material or component
to determine the appropriate maximum temperature. Each component shall be used in accordance with its temperature
rating. Where doubt exists, the ball pressure test of 8.7.1 should be performed.
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Table 12 (continued)

Parts Maximum Eecemperature

- 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

- of Class T patertat b

Other components and materials ¢

Parts in comtact with flammable liquid with flash-point of T °C T-25

Wood 90

a  The clagsification of insulating materials shall be in accordance with [EC 60085. Any incompatibility of the matet
of an insulatling system that could reduce the maximum temperature limit of the system below the lirits of the indivi
materials shpll be considered.

b T markipg refers to the marked maximum operating temperature.

¢ For eacl} material and component, account shall be taken of the temperature ratings for each material or compo;
to determing the appropriate maximum temperature. Each component shall be used iir"accordance with its tempera
rating. Wheile doubt exists, the ball pressure test of 8.7.1 should be performed.

ials
Hual

hent
ure

Conformar]ce shall be checked by evaluation of the design documentation.

After the t¢sts of this clause, thermal cut-outs and over-current réleases shall be inspected to deterntine

that their fetting has not changed (by heating, vibration-ex“other causes) sufficiently to affect t
safety fundtion.

8.9.3 Exfeeding leakage current or voltage limits
The follow|ng hazardous situations shall not ogcur:
— exceeding the limits for leakage currentin single fault condition;

— exceeding the following voltage limits for parts becoming accessible parts as a consequence of f
conditjons, as well as for applied parts.

For such parts, the voltage tosother accessible parts (or to earth, if applicable) shall not exceed 42
peak altermating current or60°V direct current. The DC limit of 60 V applies to direct current with
more than|10 % peak-toépeak ripple. If the ripple exceeds that amount, the 42,4 V peak limit app
The energy shall not exeeed 240 VA for longer than 60 s or the stored energy available shall not exd
20 ] at a potential upt6 2 V.

8.9.4 Spgcificmechanical hazards

heir

hult

4V
not
ies.
eed

When teste . the essential performance and basic salety shall not be
impacted.

8.10 Single fault conditions (Type X and Type Y)

8.10.1 General

During the application of the single fault conditions the normal conditions shall also be applied in the
least favourable combination.

8.10.2 Failure of thermostats and temperature limiting devices

Thermostats shall be short circuited or interrupted, whichever is less favourable.
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8.10.3 Leakage of liquid from batteries

NIS-E shall be so constructed that liquid that might escape from batteries in a single fault condition
does not result in an unacceptable risk.

Since only small amounts of liquid will escape when batteries leak, rechargeable batteries should
conform with IEC 62133-1 or IEC 62133-2 as appropriate. Primary lithium batteries mainly used in
Type X NIS-E should conform with IEC 60086-4.

Conformance shall be checked by inspection of design documentation and the risk management file.

8.10.4 Locking of moving parts

NISHE shall be so designed that it remains single fault safe when moving parts becomejammied. Moving
parts shall be locked if NIS-E

— |has moving accessible parts or applied parts liable to be jammed, or

— |is liable to be operated while unattended (this includes NIS-E that issautomatically dr remotely
controlled), or

— |has one or more motors with a locked rotor torque smaller thanithe full load torque.

If N[S-E has more than one moving part as described above, only-one part at a time shall belocked. If a
single fault condition can lock multiple motors, then all motérs'shall be locked simultaneous}y.

The test criteria specified in IEC 60601-1:2005+AMD1:2012+AMD2:2020, 13.2.10 shall apply|

NOTE Statutory or regulatory requirements can exist.

8.10.5 Additional test criteria for motor-operated NIS-E

For|every test in the single fault conditign,"motor-operated NIS-E shall be operated starting from cold
confdition, at rated voltage or at the upper limit of the rated voltage range for a period of 30|s for hand-
held NIS-E.

Temperatures shall be measured when the NIS-E is operated in worst-case normal us¢ including
the|maximum ambient operating temperature specified in the technical description. T§mperature
megsured according to 8.9.2-shall not exceed the limits specified in 8.9.2.

8.10.6 NIS-E intended for used in conjunction with oxygen rich environments

If the NIS-E is intended to be used in oxygen rich environment, the appliable requirements gpecified in
IEC|60601-1:2005+AMD1:2012+AMD?2:2020, 6.5, 11.2.2, 11.2.3 and Annex G shall be fulfilled. Dtherwise,
the|instruetions for use shall clearly state that the NIS-E is not intended to be used in an gxygen rich
enviironment.

8.10.7 Power supply (Type Y)

If NIS-E is intended to receive its power from an external and separate power supply or by other
equipment in a medical electrical system, the instructions for use shall specify the external and separate
power supply or the other equipment sufficiently to ensure conformance with the requirements of this
document and to related requirements of IEC 60601-1. If Type Y NIS-E is intended for connection to a
separate power supply, either the power supply shall be specified as part of the Type Y NIS-E or the
combination shall be specified as a medical electrical system. This shall be stated in the instructions for
use.

Conformance shall be checked by inspection and by testing. If a particular separate power supply is
specified, then the relevant tests shall be performed with the Type Y NIS-E connected to it. If a generic
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separate power supply is specified, then the specification in the accompanying documents shall be
inspected.

If Type Y NIS-E is intended to receive its power from other equipment or to be connected to other
equipment for data exchange in a medical electrical system, the instructions for use shall sufficiently
specify such other equipment to ensure conformity with the requirements of this document (e.g. part
number, rated voltage, maximum or minimum power, protection class, intermittent or continuous
service) and with related requirements of IEC 60601-1.

Basic safety after assembly shall be maintained, for example, by one or more of the following measures:

measufes that are built-in within the Type -E, ToT example, separation of relevant Circuits,;
separation devices provided as accessories to the Type Y NIS-E (see also IEC 60601-1:20054+AM

D1:

2012+AMD2:2020, 16.5);
— separIion devices provided as accessories to the medical electrical system;
— separating transformer.
NOTE Jee also IEC 60601-1:2005+AMD1:2012+AMD2:2020, Annex I.
Relevant standards for some non-medical electrical equipment can have' limits for touch currénts
that are higher than required this clause. Therefore, a specific risk assessment to evaluate the neefl to
reduce thepe touch currents shall be performed.
Leakage cyrrent reduction measures can include:
— additignal protectively earthed parts;
— aseparating transformer;
— an addfitional non-conductive enclosure.
Interconnecting cables and their connector housings are parts of the enclosure and therefore|the
leakage cufrent limits as specified in this clause shall be considered for these elements.
In normal fondition, the touch currentsfrom or between parts of the medical electrical system shall
not exceed|100 pA.
In the event of the interruption(of)dny non-permanently installed protective earth conductor, the tquch

currents fx

For the pul
shall also 1

The patien
exceed thg
current mg

om or between parts of a medical electrical system shall not exceed 500 pA.

e considered:to be touch current.

[t leakage  current and total patient leakage current of a NIS-E in normal condition shall
valué€s specified for the NIS-E, as given in Table 6 and Table 7. The total patient leaK

rposes of this‘subclause, the leakage current from accessible outer surfaces of equipnfent

not
age

y“be measured at installation.

Measurements of leakage currents on medical electrical system shall be carried out according to

IEC 60601-

1:2005+AMD1:2012+AMD2:2020, 16.6.

Touch current measured on accessible metal parts of a connector of an external and separate power
supply to be used for its connection to Type Y NIS-E shall not exceed the limits previously mentioned in

this clause

8.11 Pre-

in normal and single fault conditions.”

conditioning for the influence of fluid leakage

The purpose of this test is to evaluate the influence of liquid that leaks from for example, but not limited
to, a broken container into the NIS-E.

40
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Perform the following test:

— remove any removable container holder and pour the contents of one container of the medicinal
product into the NIS-E at the most likely point of entry;

— using appropriate safety equipment, shake the NIS-E in all directions by hand for 30 s;
— allow the medicinal product to drain from the original point of fluid entry, for 10 min;
— attach a new container, run a self-test and monitor any messages (if applicable);

— store the NIS-E in a horizontal orientation nrrnrding to the instructions for use for 24 h:

— |expel all medicinal product from the container by injections and monitor the self-testjanfl any error
messages (if applicable);

— |replace the used container with a new one;
— |store the NIS-E in a horizontal orientation according to the instructions/for'use, for 96 h

— |expel all medicinal product from the container by injections and mohitor the self-test anfl any error
messages (if applicable).

An ¢rror thatis obvious to the lay user is allowed if it does not influence any safety aspects in accordance
with the result of the risk approach process specified in 5.3.

Megdns of protection (dielectric strength and leakage current as defined in 8.6.3 and leakagd current as
defjned in 8.5) shall not be affected.

NOTE This test differs from IP22 in that the fluid source comes from within the NIS-E.

9 |[Electromagnetic compatibility (EMC)
9.1 General requirements

9.1]1 Risk approach process for NIS-E

NIS}E shall be tested in reptesentative configurations, consistent with intended use, that aremost likely
to result in unacceptablé risk as determined by the risk approach process (see 5.3).

Risks resulting from-néasonably foreseeable electromagnetic disturbances shall be taken ijto account
in the risk approach/process.

Corfformange-shall be checked by verifying the presence of the corresponding entries |n the risk
management file.

NOTE For general guidance and details see the annexes in IEC 60601-1-2:2014+AMD1:2020.

9.1.2 Non-medical electrical equipment used with NIS-E

Non-medical electrical equipment (e.g. battery charging system) used with NIS-E shall conform with
other EMC standards applicable to that equipment.

Non-medical electrical equipment used with NIS-E for which the intended environment could result
in the loss of basic safety, essential performance, or other hazards of the NIS-E due to the non-medical
electrical equipment, non-medical electrical equipment shall fulfil requirements of this document.

Conformance shall be checked by inspection of the risk management file and conformance with the
respective EMC standards, or by the tests of this document.
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9.1.3 General test conditions

9.1.3.1 Configurations

The applicable clauses of this document shall be identified according to the configuration of the NIS-E.

These configurations may include the following:

rechargeable NIS-E with internal battery charging system directly connected to the mains;

— rechargeable NIS-E with external battery charging system;

In particul

attach
if appl

use of

batter

During emlission test, radio frequency, and power magnetic field #immunity tests, the NIS-E shal

exercised {

Special hat
should be ¢

During exp

whichever
risk manag

9.1.3.2 1

If a testis
Table 13. T

Conformarj

nOl’l-I‘i
The inten

hargeable NIS-E.
d use of the NIS-E shall be considered in determining the test configuration.
AT

ment of cables to all ports as necessary to achieve the intended use (including SIP/SOPs
cable, the potential equalization conductor);

rables and connectors that meet the specifications of the NIS-E;

 charging system connected for rechargeable NIS-E, when applicable.

imulating the intended use in the worst-case scenario'dentified as required by 9.1.1.

dware or software might be needed to performthe emission and immunity tests. If so,
locumented in the test plan and shall be documented in the test report.

osure to electrostatic discharge test the NIS-E may remain in power ON or OFF condit
is deemed worst-case. Conformance shallbe checked by inspection of the test report and|
ement file.

est applicability for NIS-E

pplicable, it shall be performed using the power input voltages and frequencies specifie
he test report shall list the actual voltages and frequencies used during testing.

ce shall be checkedhy inspection of the test report.

ind,

be
this
ion,

the

d in
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9.2

9.2.
The

ISO 11608-4:2022(E)

NIS-E identification, marking and documents

1 Instruction for use in relation to EMC

instructions for use shall, where applicable, include the following.

a) The performance of the NIS-E that has been determined to be the essential performance and a
description of what the operator can expect if the essential performance is lost or degraded due to
electromagnetic disturbances. The defined term "essential performance" may not be used in the

description in the instructions for use.

b) |Alist of all cables and maximum lengths of cables (if applicable), transducers and other fccessories
that are replaceable by the responsible organization and that are likely to affect-canfprmance of
the NIS-E with the requirements (emissions) and (immunity). Accessories may bé specjfied either
generically (e.g. shielded cable, load impedance, battery charging system) or \specificdlly (e.g. by
manufacturer and model or type reference).

Transducers and cables intended to be used as replacement parts for internal componernts may not
be listed.

c) |A warning statement to the effect that "WARNING: Use of accessories, transducers and cpbles other
than those specified in the instructions for use could result in increased electromagneti¢ emissions
or decreased electromagnetic immunity of the [NIS-E] and-résult in improper operation(;

d) |A warning statement to the effect that: "WARNING: ‘Portable RF communications |equipment
(including peripherals such as antenna cables and external antennas) should be used no gloser than
30 cm (12 inches) to any part of the [NIS-E], including cables specified for use with the [NIS-E].
Otherwise, degradation of the performance of this [NIS-E] could result".

In the above warnings, "[NIS-E]", shall be repladed with the model or type reference of the N[S-E.

If hligher immunity test levels than those\specified in Table 19 are used, the minimum [separation

distlance may be lowered. Lower minimum separation distances shall be calculated using Fofmula (1).

The instructions for use shall describe precautions to be taken to prevent adverse events to [the patient

and operator due to electromagnetic disturbances.

For|NIS-E, the instructions for-use shall include the following information:

1) [conformance to thisidocument, ISO 11608-4;

2) |any deviationsfrem this document and allowances used.

9.2]1.1 Requirements applicable to NIS-E that includes RF transmitters

For|NIS-E~that includes RF transmitters, the instructions for use shall include informatipn on each

frequency or frequency band of transmission, the type and frequency characteristics of the 1|nodulation

and-the-effective radiated power

NOTE Statutory or regulatory requirements can exist.

9.2.2 Documentation of the tests

9.2.2.1 General

The documentation of the tests shall contain all the information necessary to facilitate adequate
planning (test plan) and execution (test report) of the tests so that they can be readily reproduced.

Conformance shall be checked by inspection of the test report.

©IS
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9.2.2.2 Testplan

Prior to the start of formal testing, a detailed test plan shall be developed. Deviations from the test plan

shall be do

NOTE I

cumented in the test report.

EC 60601-1-2:2014+AMD1:2020, Annex G provides guidance on development of EMC test plan.

9.3 Electromagnetic emissions requirements for NIS-E

9.3.1 Protection of radio services and other equipment

9.3.1.1 (
NIS-E shall

NOTE1 1§

dq

NOTE 2

9.3.1.2 (

During em
to testing f
modes sele
report.

Conformarj

9.3.1.3 N

NIS-E that
CISPR 32 a

NOTE Nat
9.3.2 Pr

9.3.2.1 (

The requir

9.3.2.2 K

Rechargea
voltage gre

Jtatutory or regulatory requirements can exist.

feneral
conform with CISPR 11 Class B group 1.

or further guidance on test setups, see CISPR 16-2-3.

perating modes

ssions testing, the NIS-E shall be tested in the modes that maximize emissions. In addi
pr emissions in active modes, inclusion of standby mode sliould be considered. The opera
cted for testing should be documented in the test plan and shall be documented in the

ce shall be checked by inspection of the test repert:

[IS-E that include radio equipment

includes radio equipment (e.g. RF trartsmitters, receivers, transceivers) shall conform ¥
hd shall be tested together with thesadio equipment.

ional radio regulations can exist:
btection of the public mains network

feneral

ements specified ih 9.3.2.2 and 9.3.2.3 shall be applicable only for rechargeable NIS-E.

Jarmonic distortion

ble NIS=E (with or without external battery charging system) with a rated AC mains netw

fion
[ing
test

vith

ork

afer than or equal to 220 V AC line-to-neutral and less than or equal to 16 A per phase

and

that are in
IEC 61000-

NOTE

3-2.

Applicable for power consumption (during intended use) 275 W.

Conformance shall be checked by inspection of the instructions for use and the test report.

9.3.2.3 Voltage fluctuations and flicker

leTTded to be conmected to tie public maits retwork sitatt conformm withr the Tequirernemnts of

Rechargeable NIS-E (with or without external battery charging system) with a rated AC mains network
voltage greater than or equal to 220 V AC line-to-neutral and less than or equal to 16 A per phase and
that is intended for connection to the public mains network shall conform with the requirements of
IEC 61000- 3-3.
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Conformance shall be checked by inspection of the instructions for use and the test report.

9.3.3 Emissions requirements summary (Type X and Type Y)

The

emissions requirements are summarized in Table 14.

Table 14 — Emission limits per environment

2022(E)

Phenomenon Professional healthcare facility Home healthcare environment
environment
Cor'llducted and Tadtated RE emis- [CISPRTT™ CISPRTT=be
sions
Haimonic distortion [EC 61000-3-2 [EC 61000-3-2
Voltage fluctuations and flicker IEC 61000-3-3 IEC 61000-3-3

a
test
b

C

shall apply. Examples of International Standards that can be applicable include CISPR 25)and ISO 7637-2.

NIS-E for use in aircraft shall fulfil the RF emissions requirements specified in ISO 7137. The-conducted §
shall be applicable only to NIS-E that are intended to be connected to aircraft power.

Standards applicable to other modes or electromagnetic environments of transportation for which usg

CISPR 32 shall be allowed but entire system shall conform with the limits of CISPR 11.

F emissions

is intended

9.4

9.4

Recdhargeable NIS-E shall be tested as specified in this'subclause, including Table 15.

Ele

For

Electromagnetic immunity requirements for NIS<E

1 General

Table 15 — Electromagnetic immunity requirements for rechargeable NIS-E

Phenomenon Basic EMC standard
Electrical fast transients/bursts IEC 61000-4-4
Surges IEC 61000-4-5

Line-to-line
Line-to-ground

Conducted distungbances induced by RF fields [IEC 61000-4-6

Voltage dips IEC 61000-4-11
Voltage interruption

tromagneticimmunity tests shall be performed:
in a wellcdéfined and reproducible manner;

indivwidually as single tests in sequence, and they may be performed in any order.

proceed with the remainder of the immunity test.

© IS0 2022 - All rights reserved
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Table 16 — Procedure for continuing to test NIS-E that are damaged by an immunity test signal

Type of test | Reaction of NIS-E during test How to continue with testing

Transient 2 The NIS-E is permanently dam- |The test sequence shall be repeated two times with this
aged. However, basic safety and |immunity test level and polarity. The NIS-E passes the test if
essential performance continue |it continues to provide its basic safety and essential perfor-
to be provided. mance.

If any equipment is damaged, it can continue to be used for
the immunity test for this specific phenomenon, as long as it
can be proven (e.g. by the risk approach process, engineer-
ing analysis experience rp(‘lnndnn(‘v\ thatthe ability of th
NIS-E to pr0v1de its basic safety and essential performancp
can still be determined while using the damaged equipment.

To continue with the immunity test of the next electromag
netic phenomenon, the NIS-E shall be restored,tonormal
operation.

The NIS-E is permanently dam- |The NIS-E has failed the test.
aged. Basic safety or essential
performance does not continue
to be provided (or other haz-

ards).

Continuouq? |The NIS-E is permanently The test sequence shall be fepeated two times with this irI-
damaged. However, basic safety |munity test level and polarity or frequency. Basic safety afd
and essential performance con- |essential performance shall continue to be provided.
tinue to be provided (or other To continue with the-hext frequency step, the NIS-E shall He
hazards). .

restored to normal operation.

The NIS-E is permanently dam- |The NIS-E has'failed the test.

aged. Basic safety or essential

performance does not continue

to be provided (or other haz-

ards).
a Tedts according to IEC 61000-4-2, IEC 61000-4~4, [EC 61000-4-5 and IEC 61000-4-11.
b Tegts according to IEC 61000-4-3, IEC 61000-4-6 and IEC 61000-4-8.

The immuhity test requirements applied to the NIS-E as specified in Table 15 specify immuhity
requirements and test conditions(for the professional healthcare facility environment and the h¢pme
healthcarelenvironment.

NOTE1 Immunity testlevélsyare calculated individually for each phenomenon.

For NIS-E fpr which théintended use includes types of transportation (e.g. land, sea and air vehicleq) or
other locatiions in the\home healthcare environment such as those that can be accessed by walking [e.g.
near radiofrequeney‘identification (RFID) systems, anti-theft systems), if additional immunity testfs or
immunity fesiklevels that are higher than those specified in Table 15 shall be appropriate or shalll be
specified Bylrequirements within standards applicable to a mode or electromagnetic environmerjt of
transportation, these additionat tests and Mgher fmmumnity test fevets siattapply-

The dwell time for immunity tests shall be based on the settling time of the test system and the time
required for the NIS-E to be exercised (if applicable) and adequately respond to the test signal.

The power frequency for all immunity tests may be selected at any one of the nominal power frequencies
of the NIS-E, except as otherwise specified in Table 13.

Before immunity testing begins, the specific, detailed immunity pass/fail criteria shall be determined
by applying the risk approach process for basic safety and essential performance (or other hazards)
with regard to electromagnetic disturbances. It shall also be determined how the NIS-E shall be
monitored during the tests to check for conformance with the specific pass/fail criteria. These pass/fail
criteria and this monitoring specification should be included in the test plan and shall be included in the
test report and the risk management file.
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