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made tothe previous edition. A vertical bar appears in the margin wherever a change h
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
FOR MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 2.001: Particul . ts § binet X- |
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization”“compris
all national electrotechnical committees (IEC National Committees). The object of IEC is to promaote internatio
co-operation on all questions concerning standardization in the electrical and electronic fields. T6 this end and
addition to other activities, IEC publishes International Standards, Technical Specifications,"Technical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC™Publication(s)"). TH
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt

may participate in this preparatory work. International, governmental and non-governmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thexnternational Organization

Standardization (ISO) in accordance with conditions determined by agreemenf{ between the two organizationq.

The formal decisions or agreements of IEC on technical matters express, @s,nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical~committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible<for the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatiq
transparently to the maximum extent possible in their national and regional publications. Any divergence betwg
any IEC Publication and the corresponding national ‘orregional publication shall be clearly indicated in the lat

IEC itself does not provide any attestation of\conformity. Independent certification bodies provide conforn
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for ¢
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its\directors, employees, servants or agents including individual experts 4
members of its technical committées and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expen§
arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the ‘Normative references cited in this publication. Use of the referenced publicationd i

indispensable for the earrect application of this publication.

Attention is drawn-to.the possibility that some of the elements of this IEC Publication may be the subject of pat
rights. IEC shall not'be held responsible for identifying any or all such patent rights.
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is redline version of the official IEC Standard allows the user to identify the changes

en made. Additions are in green text, deletions are in strikethrough red text.



https://iecnorm.com/api/?name=a5984961a05b8d34abc4dfff06b6d691

-4 - IEC 61010-2-091:2019 RLV © |IEC 2019

International Standard IEC 61010-2-091 has been prepared by IEC technical committee 66:
Safety of measuring, control and laboratory equipment.

This second edition cancels and replaces the first edition published in 2012. It constitutes a
technical revision.

This edition includes the following significant changes from the first edition, as well as numerous
other changes:

Tl \L
I

£ il ol o lo 1 H A | U H ibool b H 4 4 I laValli|
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¢ [ Additional marking requirements for X-ray generating assemblies have been added.«(5,1

~

¢ [ Requirements for high-voltage cables used in the X-ray assembly have been added: (6.5
¢ [ Insulation requirements have been added. (6.7)
e | Temperature requirements for beam-limiting devices have been added. (10.3)

e | Clarification has been provided on PROTECTED EQUIPMENT and PARTIALLY PROTECTED
EQUIPMENT, and test methods. (12)

—_

e [ Requirements for INTERLOCKS have been modified, taking into"account functional safe
standards. (15)

¢ | Requirements for reasonably foreseeable misuse have been Clarified. (16)

y

¢ [ Risk assessment has been made mandatory for specific‘aspects. (17)

THe text of this International Standard is based on the, following documents:

FDIS Report on voting
66/684/FDIS 66/686A/RVD

Fdll information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above; table.

THis document has been draftedin accordance with the ISO/IEC Directives, Part 2.

THis document is intendedto-be used in conjunction with IEC 61010-1. It was established on the
basis of the third edition (2010) of IEC 61010-1, including its Amendment 1 (2016), hereinafter
referred to as Part 1:

THis Part 2-091. supplements or modifies the corresponding clauses in IEC 61010-1 so as|to
convert that~publication into the IEC standard: Particular requirements for cabinet X-ray
syjstems.

Clauses’/of Part 1 that are fully applicable are indicated by the statement "This clause of Parg 1
is |applicable." Where this Part 2-091 identifies a particular subclause and states "addition",
"modification”, "replacement”, or "deletion", the text of that particular subclause Part 1 is
adapted accordingly. Where a particular subclause of Part 1 is not mentioned in this Part 2-091,
that subclause applies as far as is reasonable.

In this standard:

a) the following print types are used:
— requirements: in roman type;
— NOTES: in small roman type;
— conformity and tests: in italic type;

— terms used throughout this standard which have been defined in Clause 3: SMALL ROMAN
CAPITALS.
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b) subclauses, figures, and tables which are additional to those in Part 1 are numbered starting
from 101. Additional annexes are lettered starting from AA and additional list items are
lettered from aa).

A list of all parts of the IEC 61010 series, published under the general title Safety requirements
for electrical equipment for measurement, control, and laboratory use, can be found on the IEC
website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
th¢specific document. AT this date, the document will be

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

e | amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicatps
that it contains colours which are considered to be useful for.the correct understanding
of|its contents. Users should therefore print this publication“using a colour printer.
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INTRODUCTION

IEC 61010-1 specifies the safety requirements that are generally applicable to all equipment
within its scope. For certain types of equipment, the requirements of IEC 61010-1 and its
amendments will be supplemented or modified by the special requirements of one, or more
than one, particular Part 2s of the standard, which are to be read in conjunction with the Part 1
requirements.

This document has been prepared based on IEC610101201O incIuding its

THis document has been written to provide protection against both radiation HN&DS from the
ditect X-ray beam and any scattered X-radiation caused by reflections of -ray beam pn
anly part of the equipment or on the sample subjected to X-rays.

THe minimum safety requirements specified in this document are c&%@ered to provide fof a
practical degree of safety in the operation of cabinet X-ray systerp\Q
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1

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
FOR MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 2-091: Particular requirements for cabinet X-ray systems

Scope and object

Th
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inﬂiependently of existing architectural structures except the floor on which it may be placed,

is clause of Part 1 is applicable, except as follows:

Scope
1 Equipment included in scope

letion:

lete the first paragraph.

placement:

place the second paragraph (above items a) to c)) with.the following new text:

is part of IEC 61010 specifies particular safety requirements for cabinet X-ray systems, whi
| under any of categories a), b) or ¢c) below.

dition:
d the two following new paragraphgssat the end of the subclause:

uipment covered by this deCument can be both PROTECTED EQUIPMENT or PARTIAL
OTECTED EQUIPMENT, with Xsfay generator voltage up to 500 kV.

cabinet X-ray system.is-a system that contains an X-ray tube installed in a cabinet, whig

ended to contain‘at least that portion of a material being irradiated, provide radiati

enuation and-exglude—personnel-from-the-interior prevent operator access to the radiati

am, during generation of X-radiation.

ese cabinet X-ray systems are used in industrial, commercial, and public environments,
ample,*to inspect materials, to analyse materials, and to screen baggage.

or

1.

.2 Equipment excluded from scope

Addition:

Add the following new items to the list:

aa

) Equipment intended to apply X-radiation to humans or animals;

bb) Equipment incorporating an X-ray tube but not incorporating complete shielding against

X-radiation HAZARDS, such as:

— equipment intended to be used within a shielded room which excludes personnel duri
operation;

— equipment intended to be used with separate portable or temporary shielding;

ng
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— equipment intended to produce an emerging beam of X-radiation.
1.2 Object
1.2.1 Aspects included in scope

Addition:

Add the following new text to the end of the first paragraph:

THiS part o SpecIies requirements for the design and methods of construciion|of
capinet X-ray systems to provide adequate protection for OPERATORS, bystanders, trainh
service personnel and the surrounding area against unintentionally-emitted X-radiation @nd’frgm
mechanical HAZARDS related to their conveyors.

[
o

2 | Normative references

THis clause of Part 1 is applicable, except as follows:
Addition:

Add the following references to the list:

IEC 62061, Safety of machinery — Functional safety of safety-related electrical, electronic apd
programmable electronic control systems

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: Genelal
principles for design

S

3 | Terms and definitions
This clause of Part 1 is applicabl€) except as follows:

3.2 Parts and accessories

Addition:
Add the following.new terms and definitions:

3.2.101

ACICESS PANEL
PROTECTJVE BARRIER or panel which is designed to be removed or opened through the use of a
Toolder maintenance or service purposes to permit access to the interior of the cabinet

3.2.102

APERTURE

opening in the outside surface of the cabinet, other than a PORT, which remains open during
generation of X-radiation

3.2.103

DOOR

PROTECTIVE BARRIER which is designed to be movable or opened for routine operation purposes,
does not generally require TOOLS to open and permits access to the interior of the cabinet

Note 1 to entry: Inflexible hardware rigidly affixed to the DOOR is considered part of the DOOR.
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Note 2 to entry: Access openings intended for the OPERATOR, for removal or re-alignment of samples, are considered

as

a DOOR.

3.2.104

EX

TERNAL SURFACE

outside surface of the cabinet X-ray system, including DOORS, ACCESS PANELS, latches, control
knobs and other permanently mounted hardware, the virtual surface across any APERTURE or
PORT, and the bottom of the cabinet

3.2.105
PORT

opening in the EXTERNAL SURFACE of the cabinet which is designed to remain open duri
generation of X-rays, for the purpose of conveying objects into and out of the cabinet\or

pdrtial insertion for irradiation of an object with-a dimensions that does not permit.complg
ingertion into the cabinet

3.

.106

PRIOTECTED EQUIPMENT

Ca
X-

No|
PA

3|A
P
ca

No
EN
ab

3.1
BH
de
re

3.]
INT
ar
Sp
op

[S
Wi

binet X-ray system without any APERTURE or PORT, which would allow ag¢ess to any area w
Fadiation

e 1 to entry: Access can be prevented through INTERLOCK protected DOORS, PORTS, APERTURES or ACCH
ELS.

p.107

RTIALLY PROTECTED EQUIPMENT

binet X-ray system with APERTURE or PORT, allowing,access to any area with X-radiation

e 1 to entry: Access to the X-ray beam or scattered X-radiation could be prevented through a combination|

CLOSURE and flexible radiation absorbents, for example,‘9ne or several curtains containing lead or another radiat
orbing material.

P.108

AM-LIMITING DEVICE

vice to limit the radiation field, steh as a collimator, a cone or an APERTURE, intended
strict the dimensions of X-ray field

P.109

[ERLOCK

angement of compe@nents or devices operating together, intended to prevent a HAZARD
ecific operation whenever safety is compromised by access to the interior of the syste

erational irregutarity or equipment failure

DURCE: IEC62463:2010, 3.11, modified — The term "safety interlocks" has been replac
h "interlogk" and the wording "interrupt the generation of X-radiation" has been replaced w
HAZARD or specific operation".]

ng
or
te

SS

of
on

4

Tests

This clause of Part 1 is applicable, except as follows:

4.3.2.4 Covers and removable parts

Addition:

Add the following new paragraph at the end of the subclause:

For the test in 12.2.1.101.3, any flexible radiation absorbents used to close the APERTURE or
PORT openings for PARTIALLY PROTECTED EQUIPMENT shall remain in their normal closed position.
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Marking and documentation

This clause of Part 1 is applicable, except as follows:

5.1 Marking
Hoslosomeont:

Ad

Ad

Th

Marking, indicators, I iat
.3 MAINS supply

dition:

d the following new text to item c, after the existing paragraph:

e measured power or input current is not to include a periodic shott-time (less than 1 mjn)

load that is greater than the average 1 min RMS load. However, When such a value exceefds

125 % of the marked nameplate RATING, it shall be includedGin®the marked RATING of the
equipment.

NQTE Transients and initial inrush current are excluded.

Addition:

Add the following new subclauses:

5.1.101 Additional markings for cabinet X-ray systems

5.1.101.1 General

THe following markings a) to d) shall be provided for cabinet X-ray systems:

b)

The equipment shall belmarked at the location of each control which may be used to initigte
X-ray-generation radiation, with the text:

"Caution: X-rays generated when activated"

or substantially similar text or adequate symbol;

Equipmentwhere the radiation dose is more than 5 pySv/h shall be marked adjacent to each
PORT OrAPERTURE, which is sufficiently large to admit human body parts to the-direct X-ray
beamrinterior of the cabinet, with the text:

"Caution: X-ray hazard. Do not-insert place any

d)

part of the body inside the cabinet when system is activated”

or substantially similar text or adequate symbol.

The indicators required by-5-4-462 12.2.1.104 shall be marked "X-ray on", or equivalent text
or symbol;

NOTE-+ If a-milliammeter milliamperemeter is used as one of the required indicators, it is marked as specified
in-5-4-402 12.101.4, and is not marked "X-ray on".

For cabinet X-ray systems designed so that humans may enter the cabinet for specified
purposes, permanent markings shall be provided inside the cabinet to describe the function
of the signals and controls required by-5-4-402 12.2.1.104 c) and-5-4402 12.2.1.104 d).

NOTE Specific purposes can be, but are not limited to, service, maintenance or adjustment of settings.
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Conformity is checked by inspection.

Suitable symbols or a combination of symbol and text can be used if evaluation per Clauses 16
and 17 has been performed and the symbols are properly explained in the user documentation.

NOTE-2 National regulations-may can require a nationally accepted language for safety instructions and symbols.
5.1.101.2 BEAM-LIMITING DEVICES

BEAM-LIMITING DEVICES detachable in NORMAL USE by an OPERATOR shall be provided with the

folfowing markings: Q
— | those required in IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016, 5.1; Qy
— | serial designation or individual identification; ,\q
— | total filtration in terms of quality equivalent filtration. (19
Canformity is checked by inspection. QQ'\
v

5.1.101.3 X-ray tubes ,\Q
When an X-ray tube is constructed as a component of the cabmetb&ay system, the following|is
applicable. The markings on the X-ray tube shall remain r ble when the X-ray tube]is
digmantled from the X-ray tube housing. The markings shall le individual products, series|or
types to be correlated with their accompanying documengs\¢

O
X-fray tubes shall be provided with the following ma@gs:
— | name or trademark of the manufacturer; \\Q
— | model or type reference; ‘\0
— | individual identification. \\'Q

THe above markings may be given @@he form of a combined designation explained in the
accompanying documents. X\
xO
Canformity is checked by inspection.
N

THe requirements for&ay tube assemblies apply when the X-ray tube is part of a subassemlp
and not a stand-alon mponent.

y

5.1.101.4 -@N tube assemblies

When X-ra e assemblies are constructed as components of the cabinet X-ray system, the
foIIowin% pplicable:

- é& tube assemblies shall be provided with the following markings on the outside:

$ TTarne or tradenrark of the manufacturer;

e model or type reference;

e individual identification;

e nominal X-ray tube voltage for which the X-ray tube assembly is designed,;
— and, as applicable, the following additional markings:

e indication of the polarity of the receptacles for high-voltage cables;

e permanent filtration.

Conformity is checked by inspection.
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he

5.4 Documentation <
&
5.4.1 General $
¥
Replacement: o)
b\
Réplace item d) with the fo@;g new text:
d)| the information sgtfjed in 5.4.2to0 5.4.6 and in 5.4.101;
5.4.3 Equipméanstallation
Addition: Q~®
Add the@wing new item:
ad) {(/zooling is necessary for the safe operation of equipment, or a subassembly thereof, t
bUU“IIy ICqu;ICIIICIItb aha” bC ;Ild;bdtcd ;II thU dUbulllClltb, ao |dc||t|f|cd ;II thc Ri
assessment.

5.4.4 Equipment operation

Addition:

Add the following new items:

SK

aa) in the instructions for use, the loading factors shall be stated as described below. The

following combinations and data shall be stated:

— the corresponding nominal X-ray tube voltage together with the highest X-ray tu
current obtainable from the equipment when operated at that X-ray tube voltage;

be
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— the corresponding highest X-ray tube current together with the highest X-ray tube voltage
obtainable from the equipment when operating at that X-ray tube current;

— the corresponding combination of X-ray tube voltage and X-ray tube current which results
in the highest electric power in the high-voltage circuit.

The nominal electric power shall be given together with the combination of X-ray tube
voltage and X-ray tube current and, if applicable, the loading time.

The range of acceptable X-ray tube current, X-ray tube voltage and load times may be given
as a table or a curve showing the dependences.

b ) the instructions for use shall state the maximum Q\Jlmmnfrirnl radiation field of the infngrafad
X-ray source assembly;

cc) the instructions for use shall contain a description of the particular handiing” ahd
maintenance of any X-ray image receptor.

Reéplacement:

Replace the conformity statement with:

Campliance is checked by inspection of the instructions for use.

Addition:

Add the following new subclause:

5.4.101 Additional documentation for cabinet' X-ray systems

Ingtructions for the RESPONSIBLE BODY shall include:

a)| voltage, current, and, if applicable, dutyceycle RATINGS of the X-ray gereration-equipment;

b)| instructions concerning radiological 'safety procedures and precautions which may pe
necessary because of unique featdres of the equipment;

c)| a schedule of maintenance-néetessary—tokeep-the-egquipmentin—comphance—with—this
standard; and

d)| a recommendation to .consult national authorities to determine any local operational
requirements.

In

In
ad
ald

structions for service\personnel shall include-instructions-fortestafterrepairormeodificationtto
I ; S i itk thi )

instructionsfor test after repair or maintenance.

structions/for installation and commissioning shall also include instructions for assembly,
justment and tests to ensure that the equipment is safe after it is commissioned.—Sge

Conformity is checked by inspection.

6 Protection against electric shock

This clause of Part 1 is applicable, except as follows:

6.5.2 PROTECTIVE BONDING

Addition:

Add the following new subclause:
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6.5.2.101 X-ray tube assembly

There shall be electrical continuity between the screen of a fitted high-voltage cable and the
ACCESSIBLE metal parts of its receptacle on the X-ray tube assembly.

In addition, high voltage cables, carrying X-ray tube current, ACCESSIBLE by operator or service
personnel, shall incorporate a flexible conductive screen having a maximum resistance per unit
length of 1 Q/m covered with a non-conductive material capable of protecting the screen against
mechanical damage in NORMAL USE.

Sych screens shall be connected to the conductive ENCLOSURE of the high voltage generat@nd
tolthat of the x-ray tube assembly. Q~

Ar exception to this requirement are high voltage cables carrying x-ray tube current b\%in a fully
enlclosed and fully integrated X-ray generator / X-ray tube assembly referred to (@monoblogk.

r\‘ .
Campliance is checked by visual inspection and by measurement. Qq
4

Flgxible conductive screens shall not be recognized as satisfying a rg\@rement for a protective
egrth connection between the devices connected by the cable. '\

6.7 Insulation requirements Q/C)
6.7.1.5 Requirements for insulation according to t e\of circuit
Addition: 0<<

Add the following new paragraph at the end ({\g}e subclause:

Isplation between high voltage circuits in Qéenerator wiring or X-ray tube and the ACCESSIBLE
cifcuit is to be based on the actual WO&K G VOLTAGE stressing the said isolation.

Isplation requirements for any &' and stator circuit used for the operation of any rotatihg
anjode of the X-ray tube is t eferred to the voltage existing after reduction of the stator
sujpply voltage to its steady e operating value.

C

6.Y.3 Insulation f secondary circuits derived from MAINS CIRCUITS of OVERVOLTAGE
CATEGORYﬁ to 300 V

6.7.3.1 General

Addition:
OQ~

Ad d@/owing new paragraph at the end of the subclause:
N

In this document, high-voltage circuits are secondary circuits comprising components for
generation and measurement for power supply of an X-ray tube, such as transformers,
voltage-multipliers and voltage-dividers, each rated for working-voltages a.c. above 1 000 V or
for (working-voltages) d.c. (above) 1 500 V.

6.7.3.4 Solid insulation
6.7.3.4.1 General

Addition:

Add the following new paragraph at the end of the subclause:
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In the case of high voltage circuits, the term "solid insulation" is used to describe many different
types of constructions, including monolithic blocks of insulating material, insulating subsystems
composed of multiple insulating materials, including insulating liquids and insulating castings,
organized in layers or otherwise.

Conformity is checked by the 6.8.101 compliance test for high-voltage circuits.

6.8 Procedure for voltage tests

6.8.3.1 The a.c. voltage test

Re¢placement: QB’A
Ré¢place the first sentence by the following sentence: Q\q
THe voltage tester shall be capable of maintaining the test voltage throughore(t~ e test within
+5 % of the specified value. Q
v

Addition: Y

N

NO

Add the following new subclause: ©

6.8.101 Procedure for voltage tests of high voltag?\{ﬁcuits of X-ray equipment

THe high-voltage circuit of the equipment is tested by %f%/ing no more than half the test voltape,
and then the test voltage is gradually raised over a geylod of 10 s £ 2 s to the full value, whicH is
maintained in intermittent mode and in continuou§{mode per Table 101.

O
Table 101 - Durationséf‘high voltage strength test

O
. L A .
High-voltage circuits test@ln: Duration
) ) )
Intermittent mode \\\ 3 min
Continuous mode \Q 15 min

\=
\\O
THe test for the high-voltagé circuit shall be made with a test voltage of:

— | for nominal X-r@%tage less than 200 kV, 1,1 times the nominal X-ray tube voltage of the

equipment; o()
— | for nomi “ray tube voltage of the equipment equal to or exceeding 200 kV, the nominal
X-ray oltage plus 20 kV.

THe a@test can be conducted on the system as a whole or on the separate parts individualfy.

ForTigh-voitage generators intendea Tor operation 1T boti Intermittent mode and continuous
mode, and in which the nominal X-ray tube voltage for continuous mode does not exceed 80 %
of that for intermittent mode, the test voltage for the high-voltage circuit shall be that of the
intermittent mode, and the test shall be carried out in that mode only.

If during the dielectric strength test, there is a RISK of overheating a transformer under test, it is
permitted to carry out the test at a higher supply frequency.

During the dielectric strength test, the test voltage in the high-voltage circuit should be kept as
close as possible to 100 %, and is not to be outside the range of 100 % and 105 % of the value
required.
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During the dielectric strength test, slight corona discharges in the high-voltage circuit are to be
disregarded.

High-voltage generators or subassemblies thereof, which are integrated with an X-ray tube
assembly, are to be tested with an appropriately loaded X-ray tube. If such high-voltage
generators do not have separate adjustment of the X-ray tube current, the duration of the
dielectric strength test is to be reduced to such an extent that the allowable X-ray tube load at
the increased X-ray tube voltage will not be exceeded.

—Protectiom againstmechanical HAZARDS

This clause of Part 1 is applicable except as follows:

7. General

Addition:

Add a new paragraph and a new note-191 following the existing note:

Cqgnveyors of cabinet X-ray systems shall comply with the applicable requirements of 7.2 to 7|7,
and if any HAZARD is not adequately addressed by those subelauses, a RISK assessment (sge
Clause 17) shall be performed.

NATE 101 In tha llnitad States of Amarica  convevor svustames lara raauired to meet the roauirements! of
NQTE104—tn—th nited—States—of America—conveyor—systemsla quired—to—meet—therequirement slof
ANSHASME B20-1-

NQTE National regulations for conveyor systems. ¢@n additionally apply. EXAMPLE: ASME B2(.1,
ANSI/ASME B20.1 for the United States of America.

Replacement:

Replace the existing conformity statement with following new text:

Canformity is checked-as-specified in accordance with the specifications of 7.2 to 7.7 and] if
applicable, of Clause 17.

8 [ Resistance to mechanical stresses

This clause of Part)1 is applicable.

9 | Protection against the spread of fire

THis‘elause of Part 1 is applicable.

10 Equipment temperature limits and resistance to heat

This clause of Part 1 is applicable, except as follows:

Addition:

Add the following new subclauses:
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10.1.101 Protection against excessive temperatures of X-ray tube assemblies

Where easily ACCESSIBLE EXTERNAL SURFACES of X-ray tube assemblies attain temperatures
exceeding those in Table 19, protective means shall be provided to prevent the OPERATOR from
contact with such parts in NORMAL USE.

NOTE Protective means can be ENCLOSURE or other barriers preventing access.

Compliance is checked by test of integrity of such means and by inspection of instructions for
use.

10.1.102 Protection against excessive temperatures of BEAM LIMITING DEVICES

BHAM-LIMITING DEVICES incorporating a light field-indicator shall be provided with one of the
following means to reduce the possible temperature rise occurring if the lamp remains.energizgd
while the BEAM-LIMITING DEVICES are covered with drapes or other material, redu€ing the normal
helat dissipation:

a)| an overtemperature protection device preventing the lamp from being energized if the

allowable maximum temperature of any EXTERNAL SURFACES of the/BEAM-LIMITING DEVICES
has exceeded the limits of Table 19;

b)| a time-limiting device preventing the lamp from remaining energized for a period exceedipg
2 min after the most recent action by the OPERATOR torenergize it. The manufacturef's
instructions shall provide details of required externally ¢onnected time-limiting switch;

c)| a statement in the manufacturer's instructions giving details of the time-limiting switch to pe
externally connected to perform the function descfjibed in item b) above.

Campliance is checked by inspection
11 Protection against HAZARDS from fluids and solid foreign objects

THis clause of Part 1 is applicable.

12 Protection against radiation, including laser sources, and against sonic and
ultrasonic pressure

This clause of Part 1_is\applicable, except as follows:
Ré¢place 12.2 of Rart 1 with the text below.
Réplacement:

12.2/ 'Equipment producing ionizing radiation

12.2.1 lonizing radiation

12.2.1.1 General
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Equipment containing or generating ionizing radiation (from either radioactive sources or
X-radiation) shall not create a HAZARD in normal or SINGLE FAULT CONDITION.

NOTE 1 See IEC 62598 for further information on the requirements for equipment which utilizes ionizing radiation.

NOTE 2 For X-ray and gamma radiation: 1 uSv/h = 0,1 mR/h and 5 pySv/h = 0,5 mR/h.

NQEE3 l:ruunmanf that _omits |nn|—nnn radigticonis n:nulah:rl hu health—authorities—iR—most—countties—Ihese
Lig

redulations often address both the em|SS|ons of radiation from the equment and the cumulative dose of ra% on
redeived by the workers and others in the vicinity of the equipment. See the lonizing Radiation Ekle
(2Q13/59/EURATOM) or USA 29 CFR 1910.1096 as examples of these regulations.

Canformity is checked by inspection as specified in 12.2.1.101 to 12.2.1.104.

Addition:
Q%

4
Add the following new subclauses: fl/

B

2

S?

2
5L

,_
£
hS

®a ¥

XL

xO
12.2.1.101 Limits for emd?ed X-radiation of cabinet X-ray systems

12.2.1.101.1 Generap
THe ambient dose@valent rate H*(10) (IEC 60050-395:2014, 395-05-43) emitted from| a

capinet X-ray syStem shall not exceed 5 uSv/h at any point 50 mm outside the EXTERNAL
SURFACE or ai@eplane of any APERTURE or PORT.

The me&ments shall be conducted at the maximum available voltage of any high-voltape
ge|n<-:‘<r<g9 r highest possible voltage in fault condition

Conrorm/ty IS checked by the measurements or 12.2.1.1T01.Z20r 12.2.1.1T01.3, as applicable.

NOTE Specifications for radiation measurement equipment can be found in IEC 60846-1.
12.2.1.101.2 Measurement of emitted X-radiation from PROTECTED EQUIPMENT

Radiation is measured covering the entire EXTERNAL SURFACE of the cabinet, averaged over
cross-sectional areas of 1 000 mm?2, with no linear dimension greater than 50 mm, with the
cabinet X-ray system operated at those combinations of X-ray tube potential, current, beam
orientation, and conditions of scatter which produce the maximum X-ray exposure at each
EXTERNAL SURFACE.

Measurement is conducted with the DOORS and ACCESS PANELS fully closed, and again with the
DOORS and ACCESS PANELS in any other positions that permit the generation of X-rays.
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12.2.1.101.3 Measurement of emitted X-radiation from PARTIALLY PROTECTED EQUIPMENT

Radiation is measured covering the entire EXTERNAL SURFACE of the cabinet, averaged over
cross-sectional areas of 1 000 mm?2, with no linear dimension greater than 50 mm, with the
cabinet X-ray system operated at those combinations of X-ray tube potential, current, beam
orientation, and conditions of scatter which produce the maximum X-ray exposure at each
EXTERNAL SURFACE.

Measurement is conducted with the DOORS and ACCESS PANELS fully closed, and again with the
DOORS and ACCESS PANELS in any other positions that permit the generation of X-rays, except
arfy 7lexible radiation absorbents used (o close any APERTURE or PORT, witich shall remain in (heir
narmal closed position.

Fqr this measurement, a scatter body shall be used that represents the typical scanged objecys.
Agq in the case of baggage inspection systems, the scanned objects vary considérably in size,
cointent and material, a standardized polyoxymethylene (POM) scatter body shall/be used (sge
Figure AA.1 in Annex AA). The scatter body shall be positioned in the middle\of the belt and|in
the center of the beam.

Fgr multiple beam systems, it shall be ensured that all beams hit g lscatter body by using ohe
scptter body for each beam or positioning one scatter body in seyeral beams where possiblg.

121042 12.2.1.102 Construction

Cabinet X-ray systems may be provided with a cabinet bottom or may be designed to pe
permanently mounted to a floor of a building, whereby the floor of the building becomes the
battom of the system. If the cabinet X-ray system is designed to be permanently mounted tq a
floor of a building then instructions shall state that{radiation measurements must be performed
infany dwelling space located below the cabinet after it is installed, to ensure that the limit given
in[12.2.1.101.1 is not exceeded, and that additional shielding may be required.

Canformity is checked by inspection.

421013 12.2.1.103 Controls

THe cabinet X-ray system_shall be equipped with the following controls, ACCESSIBLE to the
OHERATOR:

a)| a key-actuated centrol to ensure that X-ray-generation radiation is not possible with the key
removed;

b)| one or more controls to initiate and terminate X-ray-generation radiation other than by the
functioning-of an INTERLOCK or the MAINS switch;

c)| if designed so that humans may enter the cabinet for specified purposes, a control within the
cabinet for preventing and terminating X-ray-generation radiation, which cannot be resgt,
ayerridden, or bypassed from the outside of the cabinet;

d) ifthe Sysiem may be 10Cated wnere ine pUDIiC NMas acCess, a control 10 ensure OPERATOR
presence at the control area before x-ray-generation radiation can be initiated or maintained;

e) if the system may be located where the public has access, a control to terminate the X-ray
exposure or the pre-set succession of exposures at any time.

Cabinet X-ray systems designed so that humans may enter the cabinet for specified purposes
shall not have any means of initiating X-ray-generation radiation from within the cabinet.

Any signal from these X-ray systems may be processed remotely from the device itself. For the
purpose of these requirements, the OPERATOR is considered to be the person supervising the
use close to the X-ray system, and not the person processing the images.

Conformity is checked by inspection.
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12.2.1.104 Indicators and annunciators for cabinet X-ray systems

The equipment shall include indicators and annunciators described in 12.2.1.104 a) and b), and,
as applicable, the indicators and annunciators described in 12.2.1.104 c¢) and d).

a)

Two independent means to indicate when X-rays are being generated, located so that at
least one indicator can be seen from any location at which the initiation of X-ray generation
is possible. The indicators shall be activated only when X-rays are being generated, except
that if the X-ray generation period is less than 0,5 s, then the indicator shall be activated for

at least 0,5 s.

b)

Ad
ca|

Ad
ca
din
th{

d)

NG
co

NG

NG

Cd

NO SINGLE FAULT CONDITION shall disable both indicating means. A combination of son;s
hardware and digital control may be used to generate two redundant "X-ray on" sig ;

One, but not both, of these indicators may be a milliamperemeter labelled to ind&%ge‘x-r
tube current. N

NOTE When one X-ray indicator mounted on equipment can be seen from all sides of fﬂbequipment,
second means to indicate can be part of the control display. ¢

visible from each DOOR, ACCESS PANEL, and PORT. Q’
ditionally, for cabinet X-ray systems which are designed so ?2} humans may enter t
binet for specified purposes, the warning signals specified in all be provided:

visual warning signals shall be provided within the cabin%&l’len X-rays are being generatg
The indicator shall be activated only when X-rays a Y ing generated, except that, if t
X-ray generation period is less than 0,5 s, then the(hdicator shall be activated for at lez

0,5s.
QO

ditionally, for cabinet X-ray systems which ‘Qg designed so that humans may enter t
binet for specified purposes, if any OPERAT ositions are so located such that there is
ect view into the complete cabinet or pla@s exist within the cabinet which are not visible
b OPERATOR at the intended control posi@n, the following additional signals shall be providg

an audible and visual warning s\m | shall be provided within the cabinet when the X-r
generator of the cabinet X-::é stem has been enabled.

initiation of X-ray generation. At least one warning signal shall remain active for as long
the X-ray generatorig’e led. No SINGLE FAULT CONDITION shall disable the audible and t
visual indicators%jrthe same time.

These signals shall be@ﬂ ted for at least 10 s immediately prior to the first possil
b

TE 1 "Enter" mear@ t the complete body steps into the cabinet, such that a DOOR or ACCESS PANEL can
npletely shut.

TE 2 Spe@rposes can be, but is not limited to, service, maintenance or adjustment of settings.

TE 3 @ view can be, but is not limited to, direct visual or through dedicated monitors.

Additional indicators shall be provided as needed, to ensure that at Iﬁbst one indicator]i

d.
he
st

he
no
to
d:

e
as
he

n.

n\Qs/;?ity is checked by inspection and by evaluation of the RISK assessment documentatiq

13 Protection against liberated gases and substances, explosion and implosion

This clause of Part 1 is applicable.

14 Components and subassemblies

This clause of Part 1 is applicable, except as follows:

Addition:

Add the following new subclauses:
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14.101 X-ray tube assembly

For any manufacture-specified connected X-ray tube assembly, equipment shall be so designed
that the X-ray generator cannot deliver a voltage greater than the nominal RATED voltage for any
part of the X-ray tube or X-ray tube assembly concerned, in intended use and in REASONABLY
FORESEEABLE MISUSE.

Conformity is checked by inspection, with any user accessible settings for intended use and in
REASONABLY FORESEEABLE MISUSE.

14.102 Safety-related control systems A
Fdilure of a safety-related control system using microprocessors and other softwarQéfnt"ol
devices shall not cause a HAZARD. ,\Q

NQTE 1 This requirement can be achieved by redundancy or diversity. '\‘(1/

NQTE 2 Further guidance on safety-related control systems using microprocessors and @' software controlled
deyices is given in ISO 13849-2, IEC 61508-3, IEC 62061 and IEC 62304. (1//

s/
If @ battery is required to ensure safe operation of any microprocessoﬁ&o HAZARD shall arise ps
a fesult of loss of this power. N

©

Canformity is checked by inspection, RISK assessment, fur@) of the circuit under evaluatipn
arld, in case of doubt, by application of SINGLE FAULT COI\QD\ NS.

<< O
15 Protection by INTERLOCKS QQ
: _ _ N\
THis clause of Part 1 is applicable, except as WS:
7
19.1 General $‘\\.Q
Replacement: A’\Q)

O
Replace the existing text anon}Tormity statement with the following new text:

N
INTERLOCKS used to prot,eQJOPERATORS and any bystander from HAZARDS shall be evaluated ppy
a RISK reduction met . As aresult of this, INTERLOCKS may have an appropriate safety integrfity
leyel (SIL) or perfo ce level (PL).

NQTE See ISO@OO, and IEC 62061 or ISO 13849-1 for more information.
IAEA an O have published the following maximum radiation exposure recommendationg:

<</G)m8v effective doses per year for non-occupational exposure.

N 20-mSveffective doses peryearfor general occupational exposure

— 50 mSyv effective doses per year for general occupational exposure, where 5 year doses
are limited to 100 mSv.

— 500 mSv effective doses per year for specific exposure of extremities such as hands or
feet.

Lower effective doses are recommended for OPERATORS or bystanders below 18 years of age,
as well as for a female worker who is pregnant or breastfeeding. See Annex BB for dose limit
recommendations for occupational radiation.
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INTERLOCKs used to protect OPERATORS or bystanders both against X-radiation HAZARDS and
other HAZARDS shall meet the requirements of 15.2, 15.3, and 15.101.

Interlocks used only to protect OPERATORS-and or bystanders against X-radiation HAZARDS shall
meet the requirements of 15.101.

Interlocks used only to protect-beth OPERATORS or bystanders against

other HAZARDS shall meet the requirements of 15.2 and 15.3,-and-15-404.

Cq
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dition: Q}/

d the following new subclause:

2

Rl
E

PR RS

r 3

39

15.101.1 Excep

Fag
pr

a)

o
15.101 Availability .

-

r cabinet X:-ray- systems that satisfy all the limitations in a) to d), the INTERLOCK system for
btection st X-radiation may be according to 15.2 and 15.3 instead of 15.101.2.

Ac qé to the X-radiation beam area is protected through two separate independgnt
rfgmdant INTERLOCK circuits;

b)

knr‘h of the two cnpnrqfn INTERLOCKS shall meet the rnqllirnmnni‘c of 152 and 15 ’2;

c)

d)

The area where the device is located has a physical access restriction, limiting potential
ionizing radiation exposure to the OPERATOR only; and

A failure of INTERLOCK circuits shall be detectable or checked by periodical inspection of the
equipment. The radiation exposure to the OPERATOR until that failure is detected shall be
estimated based on the usage of equipment and RISK assessment.

In case of a failure of both INTERLOCK circuits, the radiation exposure to the OPERATOR shall
not exceed:

— 250 ySv accumulated radiation exposure with a maximum of 25 uSv/h for general
exposure;

— 5 mSv accumulated radiation exposure with a maximum of 100 uSv/h where only the
hands or feet of the OPERATOR may be exposed.
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Conformity is checked by inspection and by evaluation of the RISK assessment documentation.

15.101.2 Safety levels

Any safety-related control system on any DOOR or ACCESS PANEL shall be designed to disconnect
the power supply circuit to the high-voltage generator, or to remove through other means any
X-radiation in the ACCESSIBLE area of the cabinet. This operation shall not be dependent on any
action other than opening the DOOR or removing the ACCESS PANEL.

a) Each DOOR of a cabinet X-ray system shall be supervised by a safety-related control system
whichcomtaims atfeastome INTERCOCK T e safety-refatedcomtrorsystenTstratttave at isc st
fd

PL, d (Category 3) according to 1SO 13849-1, or SIL 2 according to IEC 62061,
comparable degree of safety based on another internationally recognized functio
standard.

O
b)| Each ACCESS PANEL of a cabinet X-ray system shall be supervised by a safety(;@'a\ed contfol
system which contains at least one INTERLOCK. The safety-related control RSE m shall hajve
at least PL, ¢ (Category 2) according to 1SO 13849-1, SIL 1 accordin C 62061, orf a
comparable performance based on another internationally recognized standard.

In|the event that the RISK reduction method demands higher functio 'afety, the safety levgls
shiall be increased accordingly. '\Q

NJQTE 1 Means to remove X-radiation can be for example the shutter in @ cabinet X-ray system or a grid in fhe
X-fay tube.

A
NQTE 2 National regulations can require a minimum of two |NTERL§>«S at each DOOR of a cabinet X-ray systgm.
National regulations can also state that one, but not both, of the re%ir d INTERLOCKS must be such that DOOR open|ng
reqults in physical disconnection of the energy supply circuit t high-voltage generator, and such disconnectjon
capnot be dependent upon any moving part other than the DQ ¢

N\
THe equipment shall be designed so that, follq@g interruption of X-radiation by the functionipg
offany INTERLOCK, the OPERATOR is obliged @take positive action to resume X-radiation.

&

A BINGLE FAULT CONDITION shall not qi le the required safety-related control systems.
Q\

Canformity is checked by insp@ion in accordance with 1SO 13849-1, IEC 62061, or other
internationally recognized s.tant\dards providing equivalent functional safety, as applicable.

N
16 HAZARDS resul@g.from application

THis clause of Pa@)Qis applicable, except as follows:

16.1 R§®NABLY FORESEEABLE MISUSE

R p/a@ nt:
N

R’ plauc

it £l fallaoiazinmes s oras Fy-av:
L3 TS TUINTUWITTY TTCTV TUAL.

The equipment shall comply with the requirements of this document during NORMAL USE,
including mistakes, lapses, slips or use of a product or system in a way not intended by the
supplier, but which can result from readily predictable human behaviour. Such acts to consider
would include well-meant optimization or readily available shortcuts.

No HAZARDS shall arise, through readily available adjustments, knobs, or other software-based
or hardware-based controls that are set in a way not intended, or not described in the
instructions.

Reckless use, unqualified use or use outside the specifications given by the manufacture is not
considered as part of this document. Similar, intended acts or intended omission of an act by the
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OPERATOR of equipment as a result of conduct that is beyond any reasonable means of risk

co

ntrol by the manufacturer are similarly excluded from the scope of this document.

Other possible cases of REASONABLY FORESEEABLE MISUSE that are not addressed by specific
requirements in this document shall be addressed by RISK assessment (see Clause 17).

Conformity is checked by inspection and by evaluation of the RISK assessment documentation.

17 RISK assessment

Th

Re

R4

If ¢
1.]
ad|
re

RI

is clause of Part 1 is applicable, except as follows: Qy
N
>

place the existing first paragraph with the following new text: Q\
Q

placement:

4
bxamination of the equipment shows that HAZARDS not fully addresse ﬁzClauses 6to 16 (s
P.1) might arise, then RISK assessment is required. It shall be carrietout and documented
hieve at least a TOLERABLE RISK by an iterative process covering@lysis, evaluation and RI
juction. ©

O
&

physical access to direct X-radiation for any PARTQLL PROTECTED EQUIPMENT;

5K assessment is required for the following aspects:

emitted X-radiation where people other than t@ained personnel can be exposed to su

ce
to
SK

ch

radiation. \\
cabinet x-ray systems intended to be used‘with flammable fluids or with containers or flagks
with hazardous or toxic fluids. "
s\
¥
xO
&
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Annexes

All annexes of Part 1 are applicable, except as follows:
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Annex L
(informative)

Index of defined terms

Add the following terms to the list:

AQCESS PANEL.............

APERTURE...................

BE

DAQOR...ccviiiiiiiiiiens

EXTERNAL SURFACE .....

INT

PORT i

PA

PROTECTED EQUIPMENT

RTIALLY PROTECTED EQUIPMENT .. NS s

1p2

D8
D3

.1p4

.1P5
Ap7
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Addition:

Add the following new annex:

Annex AA
(normative)

Standard phantom for PARTIALLY PROTECTED EQUIPMENT

10y

Figure AA.1 shows a standard phantom for PARTIALLY PROTECTED EQUIPMENT (see 12.2.1.
w L o
=4
his it
l— ]
i}
IEC
Kely
W% 500 mm; L 2250 mm; 7= (10 1)’?1«710; 15 mm < G < 100 mm; No. of plates = 4
w:| total width of the phantom ‘\\O
L:| total length of the phanto
T:| thickness of each Ia@ ‘
G:| Distance betwe(n) ch layer
Figu@ﬁj — Phantom for measurement of PARTIALLY PROTECTED EQUIPMENT
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Addition:

Add the following new annex:

Annex BB
(informative)

Dose limit recommendation for occupational radiation

19

TH
S
R4
or
us

Th

us

Ei
UN

R4
ra
to
TH

"In]
efi

T4

fety of Radiation Sources: International Basic Safety Standards, General,'Sa

ed in many countries as the basis for national legislation to protect workerpLQ ents, t

public and the environment from the RISKS of ionizing radiation. N

O

e BSS are intended to be based on the most recent scientific evid on the effects

iovLizing radiation and take into account practices and experiences froQ)e ound the world in t

of ionizing radiation and nuclear techniques. N
NO

jht international organizations sponsored the BSS: EC, FA%,)%QEA, ILO, OECD/NEA, PAH
NEP, WHO. Q/
2

diation sources are widely used in medicine, indu y,OagricuIture and research. The uses
Jiation continue to increase worldwide. Millions rkers throughout the world are expos
radiation every day as a part of their jobs.

&

ective protection of workers, as g@rds their health and safety, against ionizing radiation

O
ble BB.1 shows occupatior@xposure dose limits.
W
(" Table BB.1 - Dose limits

.
-

e IAEA Safety Standards for protecting people and the environment, Radiation Protectio.*nd
§

e International Labour Organization's Ra%‘a\%n Protection Convention (C115) states that;

ty

quirements Part 3 — No. GSR Part 3, also known as the International Basic Safety ndar(ds
as BSS may be considered as an international benchmark for radiation safety. The’BSS gre
ati

he

of
he

D,

of
ed

the light of knowledge available at. the time, all appropriate steps shall be taken to ensyre

Fo
18

L\
N
I occupational exp(@% of workers over the age of | For occupational exposure of apprentices or
years of age: C) students of 16 to 18 years of age who are being
trained for employment involving radiation or use
n@ sources in the course of their studies:

20|mSv effe@g dose per year — averaged over five 6 mSv effective dose per year
years (10% in 5 years); and
50

lim|

it mSv per year)

m%@any single year (in some countries the dose

20

averaged over five years (100 mSv in 5 years); and

mSv equivalent dose per year to the lens of the eye 20 mSv equivalent dose per year to the lens of the eye

50 mSv in any single year
500 mSv equivalent dose per year to the extremities 150 mSv equivalent dose per year to the extremities
(hands and feet) or to the skin (hands and feet) or to the skin

NOTE Additional restrictions apply to occupational exposure for a female worker who is pregnant or is breastfeeding.
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Bibliography

The Bibliography of Part 1 is applicable, except as follows:

Addition:

Add the following references to the list:

IEC 60050-395:2014, International Electrotechnical Vocabulary — Part 395: Nuclear
instrumentation: Physical phenomena, basic concepts, instruments, systems, equipment\aphd

ddtectors Qy

IEC 60601-1-3, Medical electrical equipment — Part 1-3: General requirements for t\%/c safgty
arld essential performance — Collateral Standard: Radiation protection in d(él/@ost/c X-rlay
equipment

IEC 60846-1, Radiation protection instrumentation — Ambient and/or dlrecL/ al dose equivalgnt
(rgte) meters and/or monitors for beta, X and gamma radiation — Part rtable workplace apd
erjvironmental meters and monitors

,\Q

IEC 61508 (all parts), Functional safety of e/ectr/ca//eleet)r@v/c/programmable electrofic
sdfety-related systems Q/
A

IELC 62304, Medical device software — Software life C(glgprocesses

IEC 62463, Radiation protection /nstrumentat/on\QX ray systems for the screening of persons
fof security and the carrying of illicit items ‘\0

%
IEC 62523, Radiation protection instru:@ntation — Cargo/vehicle radiographic inspectipn
syjstem

.\Q)
ISP 12100, Safety of machinery\o\Eeneral principles for design — Risk assessment and risk
regluction N~
\0

ISP 13849 (all parts), Sag.w of machinery — Safety-related parts of control systems
ISP 13849-2, Safe&machinery — Safety-related parts of control systems — Part 2: Validatipn
ANSI/ASM E@%’I Safety Standard for Conveyors and Related Equipment

ANSI/E 43.17-2009, Radiation Safety for Personnel Security Screening Systems usipng
X- Gamma Radiation

2013/59/EURATOM lonizing Radiation Directive (Council Directive of 5 December 2013 laying
down basic safety standards for protection against the dangers arising from exposure to ionising
radiation)

IAEA Safety Standards for protecting people and the environment, Radiation Protection and
Safety of Radiation Sources: International Basic Safety Standards, General Safety
Requirements Part 3 — No. GSR Part 3

USA 29 CFR 1910.1096, lonizing radiation
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1)

2)

3)

4)

5)

6)
7)

8)

9)

Int
S&

Th

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
FOR MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 2.091: Particul . ts f binet X I
FOREWORD

all national electrotechnical committees (IEC National Committees). The object of IEC is to promate internatiop
co-operation on all questions concerning standardization in the electrical and electronic fields. T6 this end ang
addition to other activities, IEC publishes International Standards, Technical Specifications,“Technical Repoft

Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internatiop

interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natioh

misinterpretation by any end user.

IEC itself does not provide any attestation ofs¢onformity. Independent certification bodies provide confornji

services carried out by independent certification bodies.

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

arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the ‘Normative references cited in this publication. Use of the referenced publications
indispensable for the eorrect application of this publication.

Attention is drawn-to.the possibility that some of the elements of this IEC Publication may be the subject of patg
rights. IEC shall net'be held responsible for identifying any or all such patent rights.

fety of\measuring, control and laboratory equipment.

is’second edition cancels and replaces the first edition published in 2012. It constituteg

te

hricatrevision:

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization"compris|ng

al
in
S,

Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC“Publication(s)"). THeir
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liais|ng
with the IEC also participate in this preparation. IEC collaborates closely with the\lnternational Organization [for

al

consensus of opinion on the relevant subjects since each technicalrcommittee has representation from |all

al

Committees in that sense. While all reasonable efforts are madé to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible <for the way in which they are used or for gny

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatigns
transparently to the maximum extent possible in their national and regional publications. Any divergence betwgen
any IEC Publication and the corresponding national orregional publication shall be clearly indicated in the latfer.

ty

assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any

No liability shall attach to IEC or its\directors, employees, servants or agents including individual experts gnd
members of its technical committées and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenges

is

nt

ernational/Standard IEC 61010-2-091 has been prepared by IEC technical committee §6:

This edition includes the following significant changes from the first edition, as well as numerous
other changes:

The scope of the document has been clarified and limited to equipment up to 500 kV.
Additional marking requirements for X-ray generating assemblies have been added. (5.1)
Requirements for high-voltage cables used in the X-ray assembly have been added. (6.5)
Insulation requirements have been added. (6.7)

Temperature requirements for beam-limiting devices have been added. (10.3)
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Clarification has been provided on PROTECTED EQUIPMENT and PARTIALLY PROTECTED

EQUIPMENT, and test methods. (12)

Requirements for INTERLOCKS have been modified, taking into account functional safety

standards. (15)
Requirements for reasonably foreseeable misuse have been clarified. (16)

Risk assessment has been made mandatory for specific aspects. (17)

Fy
re

Th

Th
ba
re

TH
Cco

SY|

Cl
is
llm
ad

that subclause applies as far as is reasonable.

In

a)

b)

e text of this International Standard is based on the following documents:
FDIS Report on voting
66/684/FDIS 66/686A/RVD

[l information on the voting for the approval of this International Standard can be\found in t
pbort on voting indicated in the above table.

is document has been drafted in accordance with the ISO/IEC Directives,’Part 2.

is document is intended to be used in conjunction with IEC 61010-1\It was established on t
sis of the third edition (2010) of IEC 61010-1, including its Amendment 1 (2016), hereinaf
erred to as Part 1.

is Part 2-091 supplements or modifies the corresponding clauses in IEC 61010-1 so as
nvert that publication into the IEC standard: Particular requirements for cabinet X-n
stems.

buses of Part 1 that are fully applicable are indicated by the statement "This clause of Par
applicable." Where this Part 2-091 identifies’ a particular subclause and states "additio
odification", "replacement”, or "deletiony the text of that particular subclause Part 1
apted accordingly. Where a particular.subclause of Part 1 is not mentioned in this Part 2-09

this standard:

the following print types.aré used:

— requirements: in roman type;

— NOTES: in small foman type;

— conformity and tests: in italic type;

— terms.gsed throughout this standard which have been defined in Clause 3: SMALL ROM
CAPITALS.

subclauses, figures, and tables which are additional to those in Part 1 are numbered starti
from 101. Additional annexes are lettered starting from AA and additional list items 4

he

AN

ng
re

lettered from aa).

A list of all parts of the IEC 61010 series, published under the general title Safety requirements
for electrical equipment for measurement, control, and laboratory use, can be found on the IEC
website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.



http://webstore.iec.ch/
https://iecnorm.com/api/?name=a5984961a05b8d34abc4dfff06b6d691

-6 — IEC 61010-2-091:2019 © IEC 2019

INTRODUCTION

IEC 61010-1 specifies the safety requirements that are generally applicable to all equipment
within its scope. For certain types of equipment, the requirements of IEC 61010-1 and its
amendments will be supplemented or modified by the special requirements of one, or more
than one, particular Part 2s of the standard, which are to be read in conjunction with the Part 1
requirements.

This document has been prepared, based on IEC 61010-1:2010 including its

equipment.

THis document has been written to provide protection against both radiation HAZARDS from the
dinect X-ray beam and any scattered X-radiation caused by reflections of the.X-ray beam pn
anly part of the equipment or on the sample subjected to X-rays.

THe minimum safety requirements specified in this document are considered to provide fof a
practical degree of safety in the operation of cabinet X-ray systems:
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1

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
FOR MEASUREMENT, CONTROL, AND LABORATORY USE -

Part 2-091: Particular requirements for cabinet X-ray systems

Scope and object

Th

D4

De

R4

R4

Th
fal

Ad

Ad

Ed
PR

A

in
att

Th
ex

inﬂiependently of existing architectural structures except the floor on which it may be placed,

is clause of Part 1 is applicable, except as follows:

Scope
1 Equipment included in scope

letion:

lete the first paragraph.

placement:

place the second paragraph (above items a) to c)) with.the following new text:

is part of IEC 61010 specifies particular safety requirements for cabinet X-ray systems, whi
| under any of categories a), b) or ¢) below.

dition:
d the two following new paragraphs;at the end of the subclause:

uipment covered by this doCument can be both PROTECTED EQUIPMENT Or PARTIAL
OTECTED EQUIPMENT, with X<ray generator voltage up to 500 kV.

cabinet X-ray system.is-a system that contains an X-ray tube installed in a cabinet, whig

ended to contain)at least that portion of a material being irradiated, provide radiati
enuation and prevent operator access to the radiation beam, during generation of X-radiatid

ese cabinet ™X-ray systems are used in industrial, commercial, and public environments,
ample,fo“inspect materials, to analyse materials, and to screen baggage.

1.

2 Equipment excluded from scope

Addition:

Add the following new items to the list:

aa

) Equipment intended to apply X-radiation to humans or animals;

bb) Equipment incorporating an X-ray tube but not incorporating complete shielding against

X-radiation HAZARDS, such as:

— equipment intended to be used within a shielded room which excludes personnel duri
operation;

— equipment intended to be used with separate portable or temporary shielding;

— equipment intended to produce an emerging beam of X-radiation.

ng
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1.2 Object
1.21 Aspects included in scope

Addition:
Add the following new text to the end of the first paragraph:

This part of IEC 61010 specifies requirements for the design and methods of construction of
cabinet X-ray systems to provide adequate protection for OPERATORS, bystanders, trained
sefrvice personnel and the surrounding area against unintentionally-emitted X-radiation and frgm
mechanical HAZARDS related to their conveyors.

2 | Normative references

THis clause of Part 1 is applicable, except as follows:
Addition:

Add the following references to the list:

IEC 62061, Safety of machinery — Functional safety of safety-related electrical, electronic apd
programmable electronic control systems

ISP 13849-1, Safety of machinery — Safety-relatedparts of control systems — Part 1: General
principles for design

3 | Terms and definitions
THis clause of Part 1 is applicable, except as follows:

3.2 Parts and accessories

Addition:
Add the following new.terms and definitions:

3.2.101

ACICESS PANEL
PROTECTIVEBARRIER or panel which is designed to be removed or opened through the use of a
TOoL for-maintenance or service purposes to permit access to the interior of the cabinet

3.2.102
APERTURE
opening in the outside surface of the cabinet, other than a PORT, which remains open during
generation of X-radiation

3.2.103

DOOR

PROTECTIVE BARRIER which is designed to be movable or opened for routine operation purposes,
does not generally require TOOLS to open and permits access to the interior of the cabinet

Note 1 to entry: Inflexible hardware rigidly affixed to the DOOR is considered part of the DOOR.

Note 2 to entry: Access openings intended for the OPERATOR, for removal or re-alignment of samples, are considered
as a DOOR.


https://iecnorm.com/api/?name=a5984961a05b8d34abc4dfff06b6d691

IEC 61010-2-091:2019 © IEC 2019 -9 -

3.2.104

EX

TERNAL SURFACE

outside surface of the cabinet X-ray system, including DOORS, ACCESS PANELS, latches, control
knobs and other permanently mounted hardware, the virtual surface across any APERTURE or
PORT, and the bottom of the cabinet

3.2.105
PORT

opening in the EXTERNAL SURFACE of the cabinet which is designed to remain open during
generation of X-rays, for the purpose of conveying objects into and out of the cabinet or for

pdrtial insertion for irradiation of an object with dimensions that do not permit complete inserti

in

3.]
P

ca
X-

No
PA

3.]
P
ca

No
EN
ab

3.1
BH
de
re

3.
INT
ar
sp
op

[S
Wi

4

o the cabinet

p.106
OTECTED EQUIPMENT

binet X-ray system without any APERTURE or PORT, which would allow access tovany area w
Fadiation

e 1 to entry: Access can be prevented through INTERLOCK protected DOORS, RORTS, APERTURES or ACCH
ELS.

2.107

RTIALLY PROTECTED EQUIPMENT

binet X-ray system with APERTURE or PORT, allowing access to any area with X-radiation

e 1 to entry: Access to the X-ray beam or scattered X-radiation-could be prevented through a combination
CLOSURE and flexible radiation absorbents, for example, one orséveral curtains containing lead or another radiat
orbing material.

2.108
AM-LIMITING DEVICE

vice to limit the radiation field, such as“a collimator, a cone or an APERTURE, intended
strict the dimensions of X-ray field

P.109

[ERLOCK

angement of components0f devices operating together, intended to prevent a HAZARD
ecific operation whenever safety is compromised by access to the interior of the syste

erational irregularity or equipment failure

DURCE: IEC 62463:2010, 3.11, modified — The term "safety interlocks" has been replac
h "interlock" @nd’'the wording "interrupt the generation of X-radiation" has been replaced w
HAZARD or-specific operation”.]

Tests

on

SS

of
on

This clause of Part T IS applicable, except as follows:

4.3.2.4 Covers and removable parts

Addition:

Add the following new paragraph at the end of the subclause:

For the test in 12.2.1.101.3, any flexible radiation absorbents used to close the APERTURE or
PORT openings for PARTIALLY PROTECTED EQUIPMENT shall remain in their normal closed position.
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5 Marking and documentation
This clause of Part 1 is applicable, except as follows:

5.1 Marking
51.3 MAINS supply
Addition:

Add the following new text to item c, after the existing paragraph:

THe measured power or input current is not to include a periodic short-time (less than 1 m|n)
load that is greater than the average 1 min RMS load. However, when such a value exceefds
155 % of the marked nameplate RATING, it shall be included in the marked RATING of the
equipment.

NQTE Transients and initial inrush current are excluded.

Addition:
Add the following new subclause:

5.1.101 Additional markings for cabinet X-ray systems
5.1.101.1 General
THe following markings a) to d) shall be provided.for cabinet X-ray systems:

a)| The equipment shall be marked at the laeation of each control which may be used to initigte
X-radiation, with the text:

"Caution: X4rays generated when activated"

or substantially similar text:or’adequate symbol;

b)| Equipment where the radiation dose is more than 5 uSv/h shall be marked adjacent to each
PORT or APERTURE, which'is sufficiently large to admit human body parts to the interior of the
cabinet, with the text:

"Caution: X-ray hazard. Do not place any
part of the body inside the cabinet when system is activated"
or substantially similar text or adequate symbol.

c)| Thedndicators required by 12.2.1.104 shall be marked "X-ray on", or equivalent text|or
sympbol;

NOTE—Hg-milliamperemeteris-used-as-one-of-therequired-indicators—itis-markedas—s
is not marked "X-ray on".
d) For cabinet X-ray systems designed so that humans may enter the cabinet for specified

purposes, permanent markings shall be provided inside the cabinet to describe the function
of the signals and controls required by 12.2.1.104 c) and 12.2.1.104 d).

pesifiedin42-404-4—-dnd

NOTE Specific purposes can be, but are not limited to, service, maintenance or adjustment of settings.

Conformity is checked by inspection.

Suitable symbols or a combination of symbol and text can be used if evaluation per Clauses 16
and 17 has been performed and the symbols are properly explained in the user documentation.

NOTE National regulations can require a nationally accepted language for safety instructions and symbols.
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5.1.101.2 BEAM-LIMITING DEVICES

BEAM-LIMITING DEVICES detachable in NORMAL USE by an OPERATOR shall be provided with the
following markings:

— those required in IEC 61010-1:2010 and IEC 61010-1:2010/AMD1:2016, 5.1;
— serial designation or individual identification;
— total filtration in terms of quality equivalent filtration.

Conformity is checked by inspection.

5.1.101.3 X-ray tubes

When an X-ray tube is constructed as a component of the cabinet X-ray system, the.following|is
applicable. The markings on the X-ray tube shall remain readable when the \Xsray tube|is
digsmantled from the X-ray tube housing. The markings shall enable individual products, series|or
types to be correlated with their accompanying documents.

X

ray tubes shall be provided with the following markings:

— | name or trademark of the manufacturer;
— | model or type reference;
— | individual identification.

THe above markings may be given in the form of a combined designation explained in the
accompanying documents.

Canformity is checked by inspection.

THe requirements for X-ray tube assembli€s*apply when the X-ray tube is part of a subassembp
and not a stand-alone component.

y

5.1.101.4 X-ray tube assemblies

When X-ray tube assemblies ‘are constructed as components of the cabinet X-ray system, the
following is applicable:

— | X-ray tube assemblies shall be provided with the following markings on the outside:
e name or trademark of the manufacturer;

e model or type reference;

¢ individual identification;

e nominal X-ray tube voltage for which the X-ray tube assembly is designed;

— | and;"as applicable, the following additional markings:

. Indication of the polarity ot the receptacles 1or high-voltage cables;

e permanent filtration.

Conformity is checked by inspection.

5.4 Documentation
5.4.1 General

Replacement:
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Replace item d) with the following new text:

d)

the information specified in 5.4.2 to 5.4.6 and in 5.4.101;

5.4.3 Equipment installation

Addition:

Add the following new item:

a

\ If coalina-is necessarv for the safe gneration of eauinment or a subassemblv therecof t
U ~J J Lad 1 L 7 J 7

19

5.4

Ad

Ad

aa

bb

CC

R4

R4

Cq

cooling requirements shall be indicated in the documents, as identified in the. Rl
assessment.

.4 Equipment operation

dition:

d the following new items:

) in the instructions for use, the loading factors shall be statedras’ described below. T

following combinations and data shall be stated:

— the corresponding nominal X-ray tube voltage together’with the highest X-ray tu
current obtainable from the equipment when operated“at that X-ray tube voltage;

— the corresponding highest X-ray tube current together with the highest X-ray tube volta
obtainable from the equipment when operating at-that X-ray tube current;

— the corresponding combination of X-ray tubevoltage and X-ray tube current which resu
in the highest electric power in the high-voltage circuit.

The nominal electric power shall be givén together with the combination of X-ray tu
voltage and X-ray tube current and, if applicable, the loading time.

The range of acceptable X-ray tube current, X-ray tube voltage and load times may be giv
as a table or a curve showing thexdependences.

) the instructions for use shall state the maximum symmetrical radiation field of the integrat
X-ray source assembly;

the instructions for use’ shall contain a description of the particular handling a
maintenance of any X-ray image receptor.

placement:
place the cohformity statement with:

mpliance’/is checked by inspection of the instructions for use.

Ad

dition:

Add the following new subclause:

5.4.101 Additional documentation for cabinet X-ray systems

Instructions for the RESPONSIBLE BODY shall include:

a)
b)

c)

voltage, current, and, if applicable, duty cycle RATINGS of the X-ray equipment;

instructions concerning radiological safety procedures and precautions which may
necessary because of unique features of the equipment;

a schedule of maintenance; and

be
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d) a recommendation to consult national authorities to determine any local operational

requirements.

Instructions for service personnel shall include:

e)

instructions for test after repair or maintenance.

Instructions for installation and commissioning shall also include instructions for assembly,
adjustment and tests to ensure that the equipment is safe after it is commissioned.

Conformityfs-ehecked-byrspection:

6 | Protection against electric shock

This clause of Part 1 is applicable, except as follows:

6.5.2 PROTECTIVE BONDING

Addition:

Add the following new subclause:

6.$.2.101 X-ray tube assembly

THere shall be electrical continuity between the screen*of a fitted high-voltage cable and t
ACCESSIBLE metal parts of its receptacle on the X-rayjtube assembly.

Injaddition, high voltage cables, carrying X-ray tube current, ACCESSIBLE by operator or servi
personnel, shall incorporate a flexible conductive screen having a maximum resistance per u

len

méechanical damage in NORMAL USE.

Su
to

An
en

Cd

Fl

edrth connection between the devices connected by the cable.

6.

gth of 1 Q/m covered with a non-condug¢tive material capable of protecting the screen agair

ch screens shall be connected o the conductive ENCLOSURE of the high voltage generator a
that of the x-ray tube assempbly:

closed and fully integrated X-ray generator / X-ray tube assembly referred to as a monoblo
mpliance is checked by visual inspection and by measurement.

pxible conductive screens shall not be recognized as satisfying a requirement for a protecti

f ~CInsulation requirements

ce
nit
st

exception to this requifement are high voltage cables carrying x-ray tube current within a fullly

K.

6.7.1.5 Requirements for insulation according to type of circuit

Addition:

Add the following new paragraph at the end of the subclause:

Isolation between high voltage circuits in the generator, wiring or X-ray tube and the ACCESSIBLE
circuit is to be based on the actual WORKING VOLTAGE stressing the said isolation.

Isolation requirements for any stator and stator circuit used for the operation of any rotating
anode of the X-ray tube is to be referred to the voltage existing after reduction of the stator

Su

pply voltage to its steady state operating value.
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6.7.3 Insulation for secondary circuits derived from MAINS CIRCUITS of OVERVOLTAGE
CATEGORY Il up to 300 V

6.7.3.1 General

Addition:
Add the following new paragraph at the end of the subclause:

In this document, high-voltage circuits are secondary circuits comprising components for
generation and measurement for power supply of an X-ray tube, such as transformefs,
voltage-multipliers and voltage-dividers, each rated for working-voltages a.c. above 1 000 V|or
for (working-voltages) d.c. (above) 1 500 V.

6.7.3.4 Solid insulation
6.7.3.4.1 General

Addition:
Add the following new paragraph at the end of the subclause:

Infthe case of high voltage circuits, the term "solid insulation” islused to describe many differgnt
types of constructions, including monolithic blocks of insulating material, insulating subsystems
composed of multiple insulating materials, including insulating liquids and insulating castings,
organized in layers or otherwise.

Canformity is checked by the 6.8.101 compliance test for high-voltage circuits.

G.I Procedure for voltage tests
6.8.3.1 The a.c. voltage test

Replacement:

Regplace the first sentence by.the following sentence:

THe voltage tester shall be capable of maintaining the test voltage throughout the test with
15 % of the specified\value.

n

Addition:

Add the.following new subclause:

6.8.101 Procedure for voltage tests of high voltage circuits of X-ray equipment

The high-voltage circuit of the equipment is tested by applying no more than half the test voltage,
and then the test voltage is gradually raised over a period of 10 s = 2 s to the full value, which is
maintained in intermittent mode and in continuous mode per Table 101.

Table 101 — Durations of high voltage strength test

High-voltage circuits tested in: Duration

Intermittent mode 3 min

Continuous mode 15 min
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The test for the high-voltage circuit shall be made with a test voltage of:

— for nominal X-ray voltage less than 200 kV, 1,1 times the nominal X-ray tube voltage of the
equipment; or

— for nominal X-ray tube voltage of the equipment equal to or exceeding 200 kV, the nominal
X-ray tube voltage plus 20 kV.

The above test can be conducted on the system as a whole or on the separate parts individually.

For high-voltage generators intended for operation in both intermittent mode and continuous
made, and in which the nominal X-ray tube voltage for continuous mode does not exceed 80|%
of|that for intermittent mode, the test voltage for the high-voltage circuit shall be that.of the
inlermittent mode, and the test shall be carried out in that mode only.

If furing the dielectric strength test, there is a RISK of overheating a transformerqynder test, il is
permitted to carry out the test at a higher supply frequency.

Dyring the dielectric strength test, the test voltage in the high-voltage cireuit should be kept las
clpse as possible to 100 %, and is not to be outside the range of 100 %and 105 % of the value
required.

Dyring the dielectric strength test, slight corona discharges inthe high-voltage circuit are to pe
disregarded.

High-voltage generators or subassemblies thereof, which are integrated with an X-ray tupe
assembly, are to be tested with an appropriately loaded X-ray tube. If such high-voltage
generators do not have separate adjustment of\the X-ray tube current, the duration of the
dig¢lectric strength test is to be reduced to such an extent that the allowable X-ray tube load|at
the increased X-ray tube voltage will not be exceeded.

7 | Protection against mechanical HAZARDS
This clause of Part 1 is applicablé)except as follows:

7. General

Addition:
Add a new paragraph and a new note following the existing note:

Cgnveyorsoficabinet X-ray systems shall comply with the applicable requirements of 7.2 to 7
and if apysHAZARD is not adequately addressed by those subclauses, a RISK assessment (s
Clauseé_17) shall be performed.

(42
o ~N

NOTE National regulations for conveyor systems can additionally apply. EXAMPLE: ASME B20.1,
ANSI/ASME B20.1 for the United States of America.

Replacement:
Replace the existing conformity statement with following new text:

Conformity is checked in accordance with the specifications of 7.2 to 7.7 and, if applicable, of
Clause 17.
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Resistance to mechanical stresses

This clause of Part 1 is applicable.

9

Protection against the spread of fire

This clause of Part 1 is applicable.

19
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Equipment temperature limits and resistance to heat

is clause of Part 1 is applicable, except as follows:
dition:
d the following new subclauses:

.1.101  Protection against excessive temperatures of X-ray tube assemblies

here easily ACCESSIBLE EXTERNAL SURFACES of X-ray tube assemblies attain temperatur
ceeding those in Table 19, protective means shall be providedto prevent the OPERATOR frg
ntact with such parts in NORMAL USE.

TE Protective means can be ENCLOSURE or other barriers preventing access.

mpliance is checked by test of integrity of suchi)means and by inspection of instructions
e.

.1.102 Protection against excessive-temperatures of BEAM LIMITING DEVICES

AM-LIMITING DEVICES incorporating a-light field-indicator shall be provided with one of t
lowing means to reduce the possible'temperature rise occurring if the lamp remains energiz
ile the BEAM-LIMITING DEVICES, are covered with drapes or other material, reducing the norn

helat dissipation:

a)

b)

c)

an overtemperature protection device preventing the lamp from being energized if t
allowable maximum ‘temperature of any EXTERNAL SURFACES of the BEAM-LIMITING DEVIC
has exceeded the:limits of Table 19;

a time-limiting device preventing the lamp from remaining energized for a period exceedi
2 min aftertthe most recent action by the OPERATOR to energize it. The manufacture
instructigns shall provide details of required externally connected time-limiting switch;

a statement in the manufacturer's instructions giving details of the time-limiting switch to
externally connected to perform the function described in item b) above.

m

for

he
ed
al

he
ES

ng
I's

C

11

m’nli:anr‘n is checked hy incppr‘finn

Protection against HAZARDS from fluids and solid foreign objects

This clause of Part 1 is applicable.

12 Protection against radiation, including laser sources, and against sonic and

ultrasonic pressure

This clause of Part 1 is applicable, except as follows:

Replace 12.2 of Part 1 with the text below.
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Replacement:

12
12
12

.2 Equipment producing ionizing radiation
.2.1 lonizing radiation

.2.1.1 General

Equipment containing or generating ionizing radiation (from either radioactive sources or

X-

radiation) shall not create a HAZARD in normal or SINGLE FAULT CONDITION.

NQ
NQ

NG
reg
red
(20

Cdq
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Ad
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Th
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TE 1 See IEC 62598 for further information on the requirements for equipment which utilizes ionizing radiati
TE 2 For X-ray and gamma radiation: 1 ySv/h = 0,1 mR/h and 5 pSv/h = 0,5 mR/h.

TE 3 Equipment that emits ionizing radiation is regulated by health authorities in most_c€ountries. The
ulations often address both the emissions of radiation from the equipment and the cumulative [dose of radiat
eived by the workers and others in the vicinity of the equipment. See the lonizing™“Radiation Direct|
13/59/EURATOM) or USA 29 CFR 1910.1096 as examples of these regulations.

nformity is checked by inspection as specified in 12.2.1.101 to 12.2.1.104.
dition:

d the following new subclauses:

.2.1.101 Limits for emitted X-radiation of cabinet X-ray systems

.2.1.101.1 General

e ambient dose equivalent rate H*(10) (IEC 60050-395:2014, 395-05-43) emitted from
binet X-ray system shall not exceed 5@Sv/h at any point 50 mm outside the EXTERN
RFACE or at the plane of any APERTURE<Or" PORT.

e measurements shall be conducted at the maximum available voltage of any high-volta

generator, or highest possible voltage in fault condition

Cq

NG
12

R4
cri
ca
or

nformity is checked by the:measurements of 12.2.1.101.2 or 12.2.1.101.3, as applicable.

TE Specifications for_radiation measurement equipment can be found in IEC 60846-1.
.2.1.101.2 Measurement of emitted X-radiation from PROTECTED EQUIPMENT

diation isrmeasured covering the entire EXTERNAL SURFACE of the cabinet, averaged o\
bss-sectional areas of 1 000 mm2, with no linear dimension greater than 50 mm, with t
binet Xsray system operated at those combinations of X-ray tube potential, current, bea
entation, and conditions of scatter which produce the maximum X-ray exposure at ea

EX

pNn.

se
on
ve

AL

er
he

m
ich

TERNAL SURFACE.

Measurement is conducted with the DOORS and ACCESS PANELS fully closed, and again with the
DOORS and ACCESS PANELS in any other positions that permit the generation of X-rays.

12

.2.1.101.3 Measurement of emitted X-radiation from PARTIALLY PROTECTED EQUIPME

NT

Radiation is measured covering the entire EXTERNAL SURFACE of the cabinet, averaged over
cross-sectional areas of 1 000 mm2, with no linear dimension greater than 50 mm, with the
cabinet X-ray system operated at those combinations of X-ray tube potential, current, beam
orientation, and conditions of scatter which produce the maximum X-ray exposure at each
EXTERNAL SURFACE.
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19

Measurement is conducted with the DOORS and ACCESS PANELS fully closed, and again with the
DOORS and ACCESS PANELS in any other positions that permit the generation of X-rays, except
any flexible radiation absorbents used to close any APERTURE or PORT, which shall remain in their
normal closed position.

For this measurement, a scatter body shall be used that represents the typical scanned objects.
As in the case of baggage inspection systems, the scanned objects vary considerably in size,
content and material, a standardized polyoxymethylene (POM) scatter body shall be used (see
Figure AA.1 in Annex AA). The scatter body shall be positioned in the middle of the belt and in
the center of the beam.

Fd
S|

12

Cs
pe

bgttom of the system. If the cabinet X-ray system is designed to be permanently mounted tqg

flo
in
in

Cd

12

Th
OH

a)
b)

c)

d)

e)

Cs

r multiple beam systems, it shall be ensured that all beams hit a scatter body by using o

.2.1.102 Construction

binet X-ray systems may be provided with a cabinet bottom or may.-bée designed to
rmanently mounted to a floor of a building, whereby the floor of the-building becomes t

or of a building then instructions shall state that radiation measuréments must be perform
any dwelling space located below the cabinet after it is installed; to’ensure that the limit giv
12.2.1.101.1 is not exceeded, and that additional shielding may be required.

nformity is checked by inspection.

.2.1.103 Controls

e cabinet X-ray system shall be equipped with the following controls, ACCESSIBLE to f
ERATOR:

a key-actuated control to ensure thatuX-radiation is not possible with the key removed;

one or more controls to initiate and-terminate X-radiation other than by the functioning of
INTERLOCK or the MAINS switch;

if designed so that humans may enter the cabinet for specified purposes, a control within t
cabinet for preventing anditerminating X-radiation, which cannot be reset, overridden,
bypassed from the outside of the cabinet;

if the system may be located where the public has access, a control to ensure OPERAT
presence at the control area before x-radiation can be initiated or maintained,;

if the system may be located where the public has access, a control to terminate the X-r
exposure ofithe pre-set succession of exposures at any time.

binet X¢fay systems designed so that humans may enter the cabinet for specified purpos
all not-have any means of initiating X-radiation from within the cabinet.

Ar

atter body for each beam or positioning one scatter body in several beams where poS§Siblg.

be
he

a
ed
en

y'signal from these X-ray systems may be processed remotely from the device itself. For t

he

purpose of these requirements, the OPERATOR is considered to be the person supervising the

us

e close to the X-ray system, and not the person processing the images.

Conformity is checked by inspection.

12

.2.1.104 Indicators and annunciators for cabinet X-ray systems

The equipment shall include indicators and annunciators described in 12.2.1.104 a) and b), and,

as

a)

applicable, the indicators and annunciators described in 12.2.1.104 c¢) and d).

Two independent means to indicate when X-rays are being generated, located so that

at

least one indicator can be seen from any location at which the initiation of X-ray generation
is possible. The indicators shall be activated only when X-rays are being generated, except


https://iecnorm.com/api/?name=a5984961a05b8d34abc4dfff06b6d691

IE

b)

Additionally, for cabinet X-ray systems which are designed so that humans may_enter t
capinet for specified purposes, the warning signals specified in c) shall be provided:

c)

Additionally, for cabinet X-ray systems which are designed so _that humans may enter t
capinet for specified purposes, if any OPERATOR positions are so.located such that there is
dinect view into the complete cabinet or places exist within the cabinet which are not visible
thé OPERATOR at the intended control position, the followingadditional signals shall be provide

d)

NQTE 1 "Enter" means that the complete body;steps into the cabinet, such that a DOOR or ACCESS PANEL can

co

NQTE 2 Specific purposes can be, butis/not limited to, service, maintenance or adjustment of settings.

NQTE 3 Direct view can be, but.is\not limited to, direct visual or through dedicated monitors.

Canformity is checked by inspection and by evaluation of the RISK assessment documentatid

13 Protection against liberated gases and substances, explosion and implosioj

This clause~of Part 1 is applicable.

141 Components and subassemblies

C 61010-2-091:2019 © IEC 2019 - 19 —

that if the X-ray generation period is less than 0,5 s, then the indicator shall be activated for

at least 0,5 s.

No SINGLE FAULT CONDITION shall disable both indicating means. A combination of software,

hardware and digital control may be used to generate two redundant "X-ray on" signals;

One, but not both, of these indicators may be a milliamperemeter labelled to indicate X-r
tube current.

ay

NOTE When one X-ray indicator mounted on equipment can be seen from all sides of the equipment, the

second means to indicate can be part of the control display.

Additional indicators - shall he prn\lirinri as nonrinri, toensure that at least one indicator

is

visible from each DOOR, ACCESS PANEL, and PORT.

visual warning signals shall be provided within the cabinet when X-rays are being generate
The indicator shall be activated only when X-rays are being generated{except that, if t
X-ray generation period is less than 0,5 s, then the indicator shall be activated for at leg
0,5 s.

an audible and visual warning signal shall be provided within the cabinet when the X-n
generator of the cabinet X-ray system has been-ehabled.

These signals shall be activated for at least/10 s immediately prior to the first possif
initiation of X-ray generation. At least one warning signal shall remain active for as long
the X-ray generator is enabled. No SINGLE'FAULT CONDITION shall disable the audible and t
visual indicators at the same time.

npletely shut.

he

d.
he
st

no
to
d:

e
as
he

n.

n

This clause of Part 1 is applicable, except as follows:

Addition:

Add the following new subclauses:

14.101 X-ray tube assembly

For any manufacture-specified connected X-ray tube assembly, equipment shall be so designed
that the X-ray generator cannot deliver a voltage greater than the nominal RATED voltage for any
part of the X-ray tube or X-ray tube assembly concerned, in intended use and in REASONABLY
FORESEEABLE MISUSE.
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Conformity is checked by inspection, with any user accessible settings for intended use and in
REASONABLY FORESEEABLE MISUSE.

14.102 Safety-related control systems

Failure of a safety-related control system using microprocessors and other software control
devices shall not cause a HAZARD.

NOTE 1 This requirement can be achieved by redundancy or diversity.

N ' 2 T Urtnet guiuallbe O sdrety-rerdaieud COMmror Systerns Ubillg IlliblUplUbUbbUIb and-other-softwarecormtrotjed

deyices is given in ISO 13849-2, IEC 61508-3, IEC 62061 and IEC 62304.

If @ battery is required to ensure safe operation of any microprocessor, no HAZARD shall\arise jas
a result of loss of this power.

Canformity is checked by inspection, RISK assessment, function of the circuitrunder evaluatipn
arld, in case of doubt, by application of SINGLE FAULT CONDITIONS.

18 Protection by INTERLOCKs
This clause of Part 1 is applicable, except as follows:

15.1 General

Replacement:
Replace the existing text and conformity statement with the following new text:

INTERLOCKS used to protect OPERATORS andvany bystander from HAZARDS shall be evaluated py
a RISK reduction method. As a result of this; INTERLOCKS may have an appropriate safety integrjity
leyel (SIL) or performance level (PL).

NQTE See ISO 12100, and IEC 6206%0r ISO 13849-1 for more information.
IAEA and WHO have published the following maximum radiation exposure recommendationg:

— 1 mSv effective.doses per year for non-occupational exposure.
— 20 mSyv effective doses per year for general occupational exposure.

— 50 mSyv effective doses per year for general occupational exposure, where 5 year dosgs
are limited to 100 mSv.

— 500 mSv effective doses per year for specific exposure of extremities such as hands|or
feet.

Lower effective doses are recommended for OPERATORS or bystanders below 18 years of age,
el for foraal Al ek H nra-cra-ont P +£ A O Ao DPD £, A LidAi
do WTOIT do TUI A I1TTITAalc WUITNCTT WITU To Vlcyllalll UT UIUGOLIUUUIII&. VUOC MATINTNITA DO TUT UUOoT TN It

recommendations for occupational radiation.

INTERLOCKs used to protect OPERATORS or bystanders both against X-radiation HAZARDS and
other HAZARDS shall meet the requirements of 15.2, 15.3, and 15.101.

INTERLOCKsS used only to protect OPERATORS or bystanders against X-radiation HAZARDS shall
meet the requirements of 15.101.

INTERLOCKS used only to protect OPERATORS or bystanders against other HAZARDS shall meet the
requirements of 15.2 and 15.3.

Conformity is checked by inspection and as specified in 15.2, 15.3, and 15.101, as applicable.
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Addition:
Add the following new subclause:

15.101 Availability
15.101.1 Exception

For cabinet X-ray systems that satisfy all the limitations in a) to d), the INTERLOCK system for
protection against X-radiation may be according to 15.2 and 15.3 instead of 15.101.2.

a)| Access to the X-radiation beam area is protected through two separate independent
redundant INTERLOCK circuits;

b)| Each of the two separate INTERLOCKS shall meet the requirements of 15.2 and 15.3;

c)| The area where the device is located has a physical access restriction, limiting potentjal
ionizing radiation exposure to the OPERATOR only; and

d)| A failure of INTERLOCK circuits shall be detectable or checked by periodical inspection of the
equipment. The radiation exposure to the OPERATOR until that failure-is detected shall pe
estimated based on the usage of equipment and RISK assessment:

In case of a failure of both INTERLOCK circuits, the radiation exposure to the OPERATOR shiall
not exceed:

— 250 ySv accumulated radiation exposure with a _@maximum of 25 uSv/h for general
exposure;

— 5 mSv accumulated radiation exposure with & maximum of 100 ySv/h where only the
hands or feet of the OPERATOR may be exposed.

Canformity is checked by inspection and by evaluation of the RISK assessment documentatign.

15.101.2 Safety levels

Any safety-related control system on any DOOR or ACCESS PANEL shall be designed to disconngct
the power supply circuit to the highavoltage generator, or to remove through other means apny

radiation in the ACCESSIBLE area)of the cabinet. This operation shall not be dependent on aLy
action other than opening the DOOR or removing the ACCESS PANEL.

X

a)| Each DOOR of a cabinet X-ray system shall be supervised by a safety-related control system
which contains at least one INTERLOCK. The safety-related control system shall have at legst
PL, d (Category-3) according to 1SO 13849-1, or SIL 2 according to IEC 62061, orf a
comparable degree of safety based on another internationally recognized functional safety
standard.

b)| Each ACCESS PANEL of a cabinet X-ray system shall be supervised by a safety-related contfol
system.which contains at least one INTERLOCK. The safety-related control system shall hayve
at feast PL, ¢ (Category 2) according to 1SO 13849-1, SIL 1 according to IEC 62061, off a
comparable performance based on another internationally recognized standard.

In the event that the RISK reduction method demands higher functional safety, the safety levels
shall be increased accordingly.

NOTE 1 Means to remove X-radiation can be for example the shutter in the cabinet X-ray system or a grid in the
X-ray tube.

NOTE 2 National regulations can require a minimum of two INTERLOCKS at each DOOR of a cabinet X-ray system.
National regulations can also state that one, but not both, of the required INTERLOCKS must be such that DOOR opening
results in physical disconnection of the energy supply circuit to the high-voltage generator, and such disconnection
cannot be dependent upon any moving part other than the DOOR.

The equipment shall be designed so that, following interruption of X-radiation by the functioning
of any INTERLOCK, the OPERATOR is obliged to take positive action to resume X-radiation.
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A SINGLE FAULT CONDITION shall not disable the required safety-related control systems.

Conformity is checked by inspection in accordance with ISO 13849-1, IEC 62061, or other
internationally recognized standards providing equivalent functional safety, as applicable.

16 HAZARDS resulting from application

Th

is clause of Part 1 is applicable, except as follows:

16.
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Ofjher possible cases of REASONABLY FORESEEABLE MISUSE that are not addressed by speci
quirements in this document shall:b& addressed by RISK assessment (see Clause 17).
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pplier, but which can result from readily predictable human behaviour. Such acts to consid

1 REASONABLY FORESEEABLE MISUSE

placement:
place the existing text and conformity statement with the following new text:

e equipment shall comply with the requirements of this document during NORMAL US
luding mistakes, lapses, slips or use of a product or system in a way’/not intended by t

uld include well-meant optimization or readily available shortcuts:

HAZARDS shall arise, through readily available adjustments; knobs, or other software-bas
hardware-based controls that are set in a way not.intended, or not described in t
tructions.

ckless use, unqualified use or use outside the specifications given by the manufacture is 1
nsidered as part of this document. Similar, intended acts or intended omission of an act by t
ERATOR of equipment as a result of conduct that is beyond any reasonable means of ri
ntrol by the manufacturer are similarly excluded from the scope of this document.

nformity is checked by inspection and by evaluation of the RISK assessment documentatia

RISK assessment
is clause of Part\lis applicable, except as follows:
placement)

place the existing first paragraph with the following new text:
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1.2.1) might arise, then RISK assessment is required. It shall be carried out and documented to
achieve at least a TOLERABLE RISK by an iterative process covering analysis, evaluation and RISK
reduction.

Risk assessment is required for the following aspects:

physical access to direct X-radiation for any PARTIALLY PROTECTED EQUIPMENT;

emitted X-radiation where people other than the trained personnel can be exposed to su
radiation.

ch

cabinet x-ray systems intended to be used with flammable fluids or with containers or flasks

with hazardous or toxic fluids.


https://iecnorm.com/api/?name=a5984961a05b8d34abc4dfff06b6d691

IEC 61010-2-091:2019 © IEC 2019 - 23 —

Annexes

All annexes of Part 1 are applicable, except as follows:
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Annex L
(informative)

Index of defined terms

Add the following terms to the list:

AQCESS PANEL.............

APERTURE...................

BEAM-LIMITING DEVICE..

DAQOR...ccviiiiiiiiiiens

EXTERNAL SURFACE .....

INT

PQ

PA

PR

OTECTED EQUIPMENT

RTIALLY PROTECTED EQUIPMENT .. NS s

.1p2
.1p8

D3

.1p4

.1P5

Ap7
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Addition:

Add the following new annex:

Annex AA
(normative)

Standard phantom for PARTIALLY PROTECTED EQUIPMENT

Figure AA.1 shows a standard phantom for PARTIALLY PROTECTED EQUIPMENT (see 12.2.1.101.
w L
8 ; i i
1 H° H i
I-1 l"‘] ~ [ET- -]
[ { ]M [ET‘ |
1/ it
IEC

Kely
e 500 mm; L 2 250 mm; 7= (10 £, 1) mm; 15 mm < G < 100 mm; No. of plates = 4
total width of the phantom
total length of the phantom

thickness of each layer

QN E I N

Distance betwegn‘each layer

Figure:AA.1 — Phantom for measurement of PARTIALLY PROTECTED EQUIPMENT
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Addition:

Add the following new annex:

Annex BB
(informative)

Dose limit recommendation for occupational radiation

19

TH
S3
R4
or
us

e IAEA Safety Standards for protecting people and the environment, Radiation Protection‘a

nd

fety of Radiation Sources: International Basic Safety Standards, General‘Safety

quirements Part 3 — No. GSR Part 3, also known as the International Basic Safety Standar

ds

as BSS may be considered as an international benchmark for radiation safety. The’BSS gre

ed in many countries as the basis for national legislation to protect workers,\patients, t

public and the environment from the RISKS of ionizing radiation.

Th

us|

Ei
UN

R4
ra
to
TH

"In
efi

T4

e BSS are intended to be based on the most recent scientific evidence on the effects

iovLizing radiation and take into account practices and experiences fromaround the world in t

of ionizing radiation and nuclear techniques.

he

of
he

jht international organizations sponsored the BSS: EC, FAQ, [AEA, ILO, OECD/NEA, PAHQO,

NEP, WHO.

diation sources are widely used in medicine, industry,-agriculture and research. The uses
iation continue to increase worldwide. Millions of werkers throughout the world are expos
radiation every day as a part of their jobs.

e International Labour Organization's Radiation Protection Convention (C115) states that;

of

the light of knowledge available at. the time, all appropriate steps shall be taken to ensyre

ective protection of workers, as regards their health and safety, against ionizing radiation
ble BB.1 shows occupational exposure dose limits.

Table BB.1 — Dose limits

Fo
18

I occupational exposure of workers over the age of | For occupational exposure of apprentices or
years of age: students of 16 to 18 years of age who are being
trained for employment involving radiation or use
sources in the course of their studies:

20
ye
50

mSv effe¢tive dose per year — averaged over five 6 mSv effective dose per year
rs (100-mSV in 5 years); and

mSV in‘any single year (in some countries the dose

lim)

it\is\20 mSv per year)

20

averaged over five years (100 mSv in 5 years); and

mSv equivalent dose per year to the lens of the eye 20 mSv equivalent dose per year to the lens of the eye

50 mSv in any single year
500 mSv equivalent dose per year to the extremities 150 mSv equivalent dose per year to the extremities
(hands and feet) or to the skin (hands and feet) or to the skin

NOTE Additional restrictions apply to occupational exposure for a female worker who is pregnant or is breastfeeding.
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The Bibliography of Part 1 is applicable, except as follows:

Addition:

Add the following references to the list:

IEC 60050-395:2014, International Electrotechnical Vocabulary - Part 395: Nuclear
instrumentation: Physical phenomena, basic concepts, instruments, systems, equipment\and
ddtectors

IEC 60601-1-3, Medical electrical equipment — Part 1-3: General requirements for basic safgty
arld essential performance — Collateral Standard: Radiation protection in diaghostic X-nay
equipment

IEC 60846-1, Radiation protection instrumentation — Ambient and/or directional dose equivalgnt
(rate) meters and/or monitors for beta, X and gamma radiation — Part 1~Portable workplace apd
erlvironmental meters and monitors

IEC 61508 (all parts), Functional safety of electrical/eleetronic/programmable electrofic
safety-related systems

IEC 62304, Medical device software — Software life cycle’processes

IEC 62463, Radiation protection instrumentation ~<X-ray systems for the screening of persons
fof security and the carrying of illicit items

IEC 62523, Radiation protection instrumentation — Cargo/vehicle radiographic inspectipn
syjstem

ISP 12100, Safety of machinery= General principles for design — Risk assessment and risk
reguction

ISP 13849 (all parts), Safety of machinery — Safety-related parts of control systems
ISP 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validatipn
ANSI/ASME B20:1, Safety Standard for Conveyors and Related Equipment

ANSI/HRS\N43.17-2009, Radiation Safety for Personnel Security Screening Systems using
X-rays.or Gamma Radiation

2013/59/EURATOM lonizing Radiation Directive (Council Directive of 5 December 2013 laying
down basic safety standards for protection against the dangers arising from exposure to ionising
radiation)

IAEA Safety Standards for protecting people and the environment, Radiation Protection and
Safety of Radiation Sources: International Basic Safety Standards, General Safety
Requirements Part 3 — No. GSR Part 3

USA 29 CFR 1910.1096, /onizing radiation
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1

2)

3)

4)

5)

6)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

REGLES DE SECURITE POUR APPAREILS ELECTRIQUES
DE MESURAGE, DE REGULATION ET DE LABORATOIRE -

Partic 2.091: Exi ticulic los &aui |

a rayons X montés en armoire

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de norm4lisation compos
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L""EG a pour objet
favoriser la coopération internationale pour toutes les questions de normalisation daps les domaines
I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normes internationales, ¢
Spécifications techniques, des Rapports techniques, des Spécifications accessibles, au public (PAS) et d
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée\a des comités d'études, 3
travaux desquels tout Comité national intéressé par le sujet traité peut“\participer. Les organisatig
internationales, gouvernementales et non gouvernementales, en liaison avec.'lEC, participent également 4
travaux. L'IEC collabore étroitement avec I'Organisation Internationale(;de* Normalisation (ISO), selon g
conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions,teChniques représentent, dans la mesure
possible, un accord international sur les sujets étudiés, étant donné.que les Comités nationaux de I'lEC intéres
sont représentés dans chaque comité d'études.

Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées com
telles par les Comités nationaux de I'lEC. Tous les efforts“raisonnables sont entrepris afin que I'lEC s'assure
I'exactitude du contenu technique de ses publications;.'lEC ne peut pas étre tenue responsable de I'éventud
mauvaise utilisation ou interprétation qui en est faite par*un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toutg
mesure possible, a appliquer de fagon transparentees Publications de I'lEC dans leurs publications nationaleg
régionales. Toutes divergences entre toutes Rublications de I'lEC et toutes publications nationales ou régiona
correspondantes doivent étre indiquées en+termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attéstation de conformité. Des organismes de certification indépenda
fournissent des services d'évaluation, de conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certificat
indépendants.

Tous les utilisateurs doivent'siassurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatair
y compris ses expertsqparticuliers et les membres de ses comités d'études et des Comités nationaux de I'lEC, p
tout préjudice causé en'cas de dommages corporels et matériels, ou de tout autre dommage de quelque nat
que ce soit, dire¢te,0ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépeng
découlant de laypublication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lH
ou au crédit-quitlui est accordé.

L'attentiagn‘est attirée sur les références normatives citées dans cette publication. L'utilisation de publicatig
référencees est obligatoire pour une application correcte de la présente publication.

L'atteption est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'oH
deddroits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brev
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La Norme internationale IEC 61010-2-91, a été établie par le comité d'études 66 de I'lEC:
Sécurité des appareils de mesure, de commande et de laboratoire.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a la premiére
édition, ainsi que de nombreuses autres modifications.

Le domaine d'application du document a été clarifié et limité aux appareils inférieurs
500 kV.

a
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Des exigences supplémentaires de marquage pour les ensembles générant des rayons X

ont été ajoutées. (5.1)

Des exigences relatives aux cables a haute tension utilisés dans I'ensemble radiogéne ont

été ajoutées. (6.5)

Des exigences relatives a l'isolation ont été ajoutées. (6.7)

Des exigences relatives a la température pour les LIMITEURS DE FAISCEAU ont été ajoutées.

(10.3)

Une clarification a été ajoutée concernant les APPAREILS PROTEGES et PARTIELLEMENT

—l Z gl ! T s f4 O
FRUTEGLES, TLUCS TICUHTUUTS U Cssdal. (1T4)

Les exigences relatives aux VERROUILLAGES ont été modifiées, prenant ainsi en compte’l
normes de sécurité fonctionnelle. (15)

L'appréciation du risque a été rendue obligatoire pour des aspects spécifiques. (17)

texte de cette Norme internationale est issu des documents suivants:
FDIS Rapport de vote
66/684/FDIS 66/686A/RVD

outi a I'approbation de cette Norme internationale.

document a été rédigé selon les Directives ISOAEC, Partie 2.

p établie sur la base de la troisieme é&dition (2010) de I'EC 61010-1, y compris s
hendement 1 (2016), ci-aprés dénommge-ta Partie 1.

présente Partie 2-091 compléte otmodifie les articles correspondants de I'lEC 61010-1

bntés en armoire.

s articles de la Partie 1(qui sont entiérement applicables comportent I'énoncé "Cet article
Partie 1 est applicable." Lorsque la présente Partie 2-091 identifie un paragraphe particul
indique "addition®;\*"modification", "remplacement" ou "suppression", le texte de

e
pjragraphe particulier de la Partie 1 est adapté en conséquence. Lorsqu'un paragrap

rticulier de la,Partie 1 n'est pas mentionné dans cette Partie 2-091, ce paragraphe s'appliq
ur autant guril soit raisonnable.

ns lapresente norme:

le's’caractéres d'imprimerie suivants sont employés:

e

Les exigences relatives au mauvais usage raisonnablement prévisible ont été clarifiées. (16)

rapport de vote indiqué dans le tableau ci-dessus donnge’toute information sur le vote aygnt

présente Partie 2-091 est destinée a étre utilisée conjointement avec I'lEC 61010-1. Ellg a

ton a la transformer en norme |[EC: Exigences particuliéres pour les équipements a rayond X

er
ce
he

b)

— exigences: caractéres romains;
— NOTES: petits caractéres romains;
— conformité et essais: caracteres italiques;

— termes définis a I'Article 3 et utilisés dans toute cette norme: PETITES MAJUSCULES
CARACTERES ROMAINS.

EN

les paragraphes, figures et tableaux qui viennent en supplément de ceux de la Partie 1 sont

numeérotés a partir de 101. Les annexes complémentaires sont nommées a partir de AA
les listes de termes additionnels a partir de aa).

et

Une liste de toutes les parties de I'EC 61010, publiées sous le titre général Regles de sécurité
pour appareils électriques de mesurage, de régulation et de laboratoire, peut étre consultée sur

le

site web de I'lEC.
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Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données relatives au
document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.
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INTRODUCTION

L'IEC 61010-1 spécifie les exigences de sécurité qui sont d'application générale a tous les
appareils entrant dans son domaine d'application. Pour certains types d'appareils, les
exigences de I'lEC 61010-1 et ses amendements seront complétées ou modifiées par les
exigences particuliéres d'une ou de plusieurs normes particuliéres en Partie 2, qui doivent étre
lues conjointement avec les exigences de la Partie 1.

le$ DANGERS résultant des rayonnements ionisants pouvant étre présents dans ce type
d'appareils.

Le présent document a été rédigé pour fournir une protection contre les DANGERS résultant des
rayonnements issus du faisceau direct de rayons X et du rayonnement X diffusé provoqué par
les réflexions du faisceau de rayons X sur une quelconque partiende I'appareil ou gur
I'échantillon soumis aux rayons X.

Lels exigences minimales de sécurité spécifiées dans le présent ‘document sont considérées
comme assurant un degré pratique de sécurité dans le fonctionnement des équipements| a
rayons X montés en armoire.
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REGLES DE SECURITE POUR APPAREILS ELECTRIQUES
DE MESURAGE, DE REGULATION ET DE LABORATOIRE -

Partie 2-091: Exigences particuliéres pour les équipements
a rayons X montés en armoire

1| Domaine d'application et objet
Cgt article de la Partie 1 est applicable a I'exception de ce qui suit:

1. Domaine d'application
1.1.1 Appareils inclus dans le domaine d'application

Syppression:

Syppression du premier alinéa.

Remplacement:

Reémplacer le deuxiéme alinéa (au-dessus des points{a) a c)) par le nouveau texte suivant:

La présente partie I''EC 61010 spécifie les exigences de sécurité particulieres pour les
équipements a rayons X montés en armoire, ui‘relevent de n'importe laquelle des catégories
de 1.1.1 a), b) ou c).

Addition:
Ajputer les deux nouveaux alinéas) suivants a la fin du paragraphe:

Lels appareils couverts parleprésent document peuvent étre des APPAREILS PROTEGES ou des
APPAREILS PARTIELLEMENT-PROTEGES, avec une tension de générateur de rayons X jusqu'a
500 kV.

Un équipement a‘rayons X monté en armoire est un appareil équipé d'un tube radiogéne installé

dans une armeike qui, indépendamment des structures architecturales existantes a I'exceptipn
du sol sur leguel il peut étre placé, est destiné a contenir au moins une partie d'un matériau gn
cours d'irradiation, a fournir une atténuation du rayonnement et a empécher l'accés e
I'opérateur au faisceau de rayonnement durant la production de rayons X.

quip y ts
industriels, commerciaux et publics pour, par exemple, I'inspection et I'analyse des matériaux,
et pour l'inspection des bagages.

1.1.2 Appareils exclus du domaine d'application

Addition:

Ajouter les nouveaux points suivants a la liste:

aa) Equipement destiné a appliquer des rayons X sur des humains ou des animaux;

bb) Equipement comportant un tube radiogéne mais non équipé d'un blindage intégral contre
les DANGERS des rayons X, tels que:
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— un équipement destiné a étre utilisé a l'intérieur d'une chambre blindée de laquelle
personnel est exclu pendant I'exploitation;

— un équipement destiné a étre utilisé avec un blindage séparé portable ou temporaire;

— un équipement destiné a produire un faisceau émergent de rayons X.

1.2 Objet

1.2.1 Aspects inclus dans le domaine d'application

le

Addition:

Ajputer le nouveau texte suivant a la fin du premier alinéa:

Lal présente partie de I''EC 61010 définit les exigences de conception et de /méthodes
construction des équipements a rayons X montés en armoire afin de fournirfune protecti

ad
Z0|
my¢

Ce
Ad
Aj

IE
éld

IS
sé

Ce

3.1
Ad

Aj

aptée aux OPERATEURS, aux personnes présentes, au personnel d'entretien, qualifié et a
ne environnante contre un rayonnement X émis non intentionnellement et-contre les DANGE
bcaniques relatifs a leurs convoyeurs.

Références normatives
t article de la Partie 1 est applicable a I'exception de ce gui-suit:
dition:
buter les références suivantes a la liste:

C 62061, Sécurité des machines — Sécuyrité fonctionnelle des systémes de comman
betriques, électroniques et électroniques.programmables relatifs a la sécurité

D 13849-1, Sécurité des machine$’— Parties des systéemes de commande relatives a
curité — Partie 1: Principes généraux de conception

Termes et définitions
t article de la Parties1 est applicable a I'exception de ce qui suit:
P Parties_et accessoires
dition:

buter-es nouveaux termes et définitions suivants:

de
on
la
RS

de

3.2.101
PANNEAU D'ACCES
BARRIERE ou panneau de protection destiné a étre retiré ou ouvert au moyen d'un ouTIL a des fins

de

maintenance ou de service et permettant I'accés a l'intérieur de I'armoire

3.2.102

OUVERTURE
orifice dans la surface extérieure de I'armoire, autre qu'un ACCES, qui reste ouvert durant la
production de rayons X
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3.2.103

PORTE

BARRIERE DE PROTECTION destinée a étre amovible ou ouverte dans le cadre d'interventions de
routine, dont I'OUVERTURE ne nécessite généralement pas d'OuTILS et qui permet d'accéder a
I'intérieur de I'armoire

Note 1 a l'article: Le matériel non flexible fixé rigidement a la PORTE est considéré comme faisant partie intégrante
de la PORTE.

Note 2 a l'article: Les OUVERTURES d'acces destinées a lI'opérateur, pour le retrait ou le réalignement d'échantillons,
sont considérées comme une PORTE.

3.2.104

SURFACE EXTERIEURE
surface extérieure de I'équipement a rayons X monté en armoire, comprenant |€S) PORTES,
PANNEAUX D'ACCES, verrous, boutons de commande et autres matériels montés: de fagpn
pgrmanente, la surface virtuelle traversant toute OUVERTURE ou ACCES, ainsi'que le fond Hde
I'aymoire

3.2.105
ACCES

OYVERTURE dans la SURFACE EXTERIEURE de l'armoire, destinée 3 rester ouverte durant|la
prpduction de rayons X afin de convoyer les objets dans I'armeire puis de les sortir, ou de
permettre une insertion partielle afin d'irradier un objet dont(fa dimension ne permet pas upe
ingertion compléte dans I'armoire

3.2.106

APPAREIL PROTEGE
équipement a rayons X monté en armoire, sans"OUVERTURE Ou ACCES, qui permet l'acceq a
tolites les zones comportant des rayonnements.X

Note 1 a l'article: L'accés peut étre empéché au{moyen de PORTES, ACCES, OUVERTURES ou PANNEAUX D'ACGES
prqtégés par verrous.

3.2.107

APPAREIL PARTIELLEMENT PROTEGE
équipement a rayons X monté _en armoire, avec OUVERTURE ou ACCES, permettant I'acceq a
toutes les zones comportantdes rayonnements X

Note 1 a l'article: L'accéstau faisceau de rayons X ou aux rayonnements X diffusés peut étre empéché au moyen
d'une combinaison d'ENVELOPPE et d'éléments flexibles absorbant le rayonnement, par exemple un ou plusieprs
rideaux contenant du_plomb ou tout autre matériau absorbant le rayonnement.

3.2.108

LINITEUR DE FAISCEAU
digpositifidestiné a limiter le champ de rayonnement, tel qu'un collimateur, un céne ou upe
OYVERTURE, destiné a restreindre les dimensions du champ de rayons X

3.2-199
VERROUILLAGE
dispositif de composants ou dispositifs fonctionnant ensemble, destinés a empécher un DANGER
ou un fonctionnement spécifique a chaque fois que la sécurité est compromise par l'accés a
I'intérieur du systéme, par des irrégularités de fonctionnement ou par la défaillance de
I'équipement

[SOURCE: IEC 62463:2010, 3.11, modifié — Le terme "verrouillage de sécurité" a été remplacé
par "verrouillage" et la formulation "interrompre la génération de rayonnements X" a été
remplacée par "un danger ou un fonctionnement spécifique".]
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Essais

Cet article de la Partie 1 est applicable a I'exception de ce qui suit:

4.3.2.4 Couvercles et éléments amovibles

Addition:

Ajouter le nouvel alinéa suivant a la fin du paragraphe:

Pg
fe
do

Ce

Ad
Aj

Le
(of0)
Ce

mer les ouvertures ou les ouvertures d'accés pour un APPAREIL PARTIELLEMENT PROTE
ivent rester dans leur position normale fermée.

Marquage et documentation
t article de la Partie 1 est applicable a I'exception de ce qui suit:

Marquage
3 Alimentation RESEAU
dition:
buter le nouveau texte suivant au point c, aprés lalinéa existant:

courant d'entrée ou la puissance mesuré(e) ne doit pas inclure une charge périodique
urte durée (moins de 1 min) qui soit supérieure a la charge efficace moyenne de 1 m
pendant, lorsqu'une telle valeur dépass€ 125 % des CARACTERISTIQUES ASSIGNEES indiquég

elle doit étre incluse dans les caractéristiques assignées indiquées sur I'équipement.

ur l'essaien 12.2.1.101.3, tous les éléments flexibles absorbant le rayonnement utiliséspqur

He

NQTE Les transitoires et le courant d'appel initial sont exclus.

Addition:

Ajputer le nouveau paragraphe suivant:

5.1.101 Marquages supplémentaires pour les équipements a rayons X montés gn
armoire

5.1.101.1 Généralités

Lels marquages suivants de a) a d) doivent étre apposés sur les équipements a rayons X montgs

en atmoire:

a) L'appareil doit porter un marquage a I'emplacement de chacune des commandes qui

b)

peuvent étre utilisées pour déclencher un rayonnement X, avec la mention:
"Attention: production de rayons X quand le systéme est sous tension"

ou une mention équivalente ou un symbole adapté;

L'appareil dont la dose de rayonnement est supérieure a 5 uSv/h doit porter un marquage a
proximité immédiate de chaque ACCES ou OUVERTURE suffisamment large pour permettre

I'introduction de parties du corps humain a l'intérieur de I'armoire, avec la mention:

"Attention: danger de rayons X. N'introduire aucune
partie du corps a l'intérieur de I'armoire quand le systéme est sous tension"

ou une mention équivalente ou un symbole adapté.
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c)

d)

Les indicateurs exigés en 12.2.1.104 doivent porter le marquage "Emission de rayons X",
ou un marquage ou symbole équivalent;

NOTE Si un milliampéremétre figure parmi les indicateurs exigés, il porte un marquage conforme aux
spécifications de 12.101.4, et ne porte pas le marquage "Emission de rayons X".

Pour les équipements a rayons X montés en armoire qui peuvent accueillir des personnes
a des fins spécifiques, des marquages permanents doivent étre prévus a l'intérieur de
I'armoire pour décrire la fonction des signaux et commandes exigés par 12.2.1.104 c) et

12.2.1.104 d).

NOTE les fins spécifiques peuvent étre, entre autres, le service, la maintenance ou l'ajustement

es

Lg

De
un

expliqués dans la documentation utilisateur.

NG
réd

Lels LIMITEURS DE FAISCEAU, détachables lors d'une UTILISATION NORMALE par un OPERATEU

dg

L&

Lo

monté en armoire, ce qui suif\s*applique. Les marquages sur le tube radiogéne doivent res

lis

cofréler les produits individuels, les séries ou les types a leurs documents d'accompagneme

Le

Le

paramétres.

conformité est vérifiée par examen.

s symboles appropriés ou une combinaison de symbole et de texte peuvent tre utilisés
e évaluation a été réalisée selon les Articles 16 et 17, et que les symboles sont'correcteme

TE Les réglementations nationales peuvent exiger I'usage d'une langue acceptée,at niveau national pouf
action des instructions de sécurité et des symboles.

.101.2 LIMITEURS DE FAISCEAU

ivent comporter les marquages suivants:

ceux exigés dans I'lEC 61010-1:2010 et I'lEC 61030-1:2010/AMD1:2016, 5.1;
désignation de série ou identification individu€lle;
filtration totale en matiere de filtration équivalente de qualité.

conformité est vérifiée par examen.

.101.3 Tubes radiogénes

rsqu'un tube radiogéne est construit en tant que composants de I'équipement a rayons

bles lorsque le tube radiogéne est démonté de sa gaine. Les marquages doivent permettre

s tubes radiogénes doivent comporter les marquages suivants:

nom ou marque déposée du fabricant;
modéle-Qu référence du type;

idenftification individuelle.

Si
nt

a

Ra

X
er
de
nt.

s‘marquages susmentionnés peuvent figurer sous forme de désignation combinée, expliqug

da

La

ns les documents d'accompagnement.

conformité est vérifiée par examen.

Les exigences concernant les gaines équipées s'appliquent lorsque le tube radiogéne constitue

un

élément d'un sous-ensemble, et non un composant autonome.

5.1.101.4 Gaines équipées

Lorsque les gaines équipées sont construites en tant que composants de I'équipement a
rayons X monté en armoire, ce qui suit s'applique:

Les gaines équipées doivent comporter les marquages suivants sur I'extérieur:
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e nom ou marque déposée du fabricant;

e modéle ou référence du type;

e identification individuelle;

e tension nominale du tube radiogéne pour laquelle la gaine équipée est congue;
et, le cas échéant, les marquages supplémentaires suivants:

e indication de la polarité des logements de cables a haute tension;

o filtration permanente.

La

5.4

5.4.

Remplacement:

Rémplacer le point d) par le nouveau texte suivant:

d)

5.4.

Addition:

Ajbuter le nouveau point suivant:

aa)

5.4.

Addition:

Ajouter les nouveaux points suivants:

ad)

conformité est vérifiée par examen.

Documentation

1 Généralités

les informations spécifiées de 5.4.2 2 5.4.6 et en 5.4.101;

3 Installation des appareils

Si le refroidissement est nécessaire a la,sécurité de fonctionnement de I'appareil, ou d'un
sous-ensemble de ce dernier, les exigences relatives au refroidissement doivent éfre
indiquées dans les documents, conformément a ce qui est identifié dans I'appréciation du
RISQUE.

4 Fonctionnement de I'appareil

dans les instruetions d'emploi, les paramétres de charge doivent figurer comme ci-dessouds.
Les combinajsors et données suivantes doivent étre indiquées:

— la tension 'nominale du tube radiogéne correspondante, avec le courant le plus éleyé
dansiMe tube radiogéne pouvant étre obtenu de I'appareil lorsqu'il fonctionne a cegte
tension du tube radiogéne;

- \le courant le plus élevé dans le tube radiogéne correspondant, avec la tension la plus
élevée du tube radiogéne pouvant étre obtenue de I'appareil lorsqu'il fonctionne a e

bb)

courant dans le tube radiogene;

— la combinaison correspondante de la tension du tube radiogéne et du courant dans le
tube radiogéne donnant lieu a la puissance électrique la plus élevée dans le circuit a
haute tension.

La puissance électrique nominale doit étre indiquée avec la combinaison de la tension du
tube radiogéne et du courant dans le tube radiogéne et le cas échéant le temps de charge.

La plage de courant dans le tube radiogeéne, de tension du tube radiogéne et des temps de
charge acceptables peut étre indiquée sous forme d'un tableau ou d'une courbe présentant
les dépendances.

les instructions d'emploi doivent indiquer le champ de rayonnement maximal symétrique de
I'ensemble intégré source de rayons X;
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cc) lesinstructions d'emploi doivent comprendre une description de la manipulation particuliére

et de la maintenance de tout récepteur d'image radiologique.

Remplacement:

Remplacer la déclaration de conformité par:

La

A

conformité est vérifiée par examen des instructions d'emploi.

dition:

Ajbuter le nouveau paragraphe suivant:

5.4.101 Documentation supplémentaire pour les équipements a rayons X\montés gn
armoire

Les instructions pour I'AUTORITE RESPONSABLE doivent inclure:

a)| les caractéristiques assignées de tension, de courant et, le cas échiéant, de cycle de service
des appareils a rayons X;

b)| les instructions relatives aux procédures de sécurité radiologique et aux précautions qui
peuvent étre nécessaires en raison des caractéristiques spécifiques a ces appareils;

c)| un programme de maintenance; et

d)| une recommandation a consulter les organismes nationaux afin d'identifier toute exigence
de fonctionnement locale.

Les instructions pour le personnel responsable-des opérations de service doivent inclure:

e)| les instructions relatives aux essais réalisés aprés réparation ou maintenance.

Legs instructions d'installation et de misg en service doivent également inclure les instructions

relatives au montage, au réglage et.aux essais pour garantir la sécurité de l'appareil aprés pa

mise en service.

L4 conformité est vérifiée parexamen.

6 | Protection contre les chocs électriques

Cgt article de la Partie 1 est applicable a I'exception de ce qui suit:

6.5.2 Lf{AISON DE PROTECTION

Addition)

Ajouter le nouveau paragraphe suivant:

6.5.2.101 Gaine équipée

Une continuité électrique doit exister entre I'écran d'un cable a haute tension ajusté et les

pa

rties métalliques ACCESSIBLES de son logement sur la gaine équipée.

De plus, les cables a haute tension ACCESSIBLES aux opérateurs ou au personnel responsable
des opérations de service transportant du courant dans le tube radiogéne doivent comporter un
écran conducteur flexible d'une résistance maximale par unité de longueur de 1 Q/m recouvert
d'un matériau non conducteur pouvant protéger I'écran contre tout dommage en UTILISATION
NORMALE.
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Cet écran doit étre connecté a I'ENVELOPPE conductrice du générateur haute tension et a celle de
la gaine équipée.

Font exception a cette exigence les cables a haute tension transportant du courant dans le tube
radiogéne a l'intérieur d'un générateur de rayons X / gaine équipée, entiérement sous
ENVELOPPE et entiérement intégrés, et ci-aprés dénommeés monobloc.

La conformité est vérifiée par examen visuel et par mesurage.

LI a—EoRGHtte e oTe—€—G0 prasS—etre—€on gere—CoMmme & eHSahi RE—€

concernant une connexion de terre de protection entre les appareils reliés par le cable.

6. Exigences relatives a I'isolation
6.7.1.5 Exigences pour l'isolation suivant le type de circuit

Addition:
Ajouter le nouvel alinéa suivant a la fin du paragraphe:

L'isolation entre les circuits a haute tension dans le générateur, le.cablage ou le tube radiogépe
et|le circuit ACCESSIBLE doit se fonder sur la tension actuelle d€ service exergant une contrairte
sur l'isolation concernée.

Legs exigences relatives a l'isolation du stator et du circuit statorique utilisés pour [le
fonctionnement de toute anode tournante du tube radiogene doivent faire référence a la tensipn
quii existe aprés la réduction de la tension d'alimentation du stator a sa valeur de fonctionnemgnt
en régime établi.

6.7.3 Isolation des circuits secondaires dérivés des CIRCUITS RESEAU en CATEGORIE PE
SURTENSION Il jusqu‘a 300 V

6.7.3.1 Généralités

Addition:
Ajouter le nouvel alinéa suivant a la fin du paragraphe:

D3gns le présent decument, les circuits a haute tension sont des circuits secondaires comprengnt
deils composants de production et de mesurage de I'alimentation d'un tube radiogéne, tels que
les transformadteurs, multiplicateurs de tension, diviseurs de tension, chacun étant assigné pqur
des tensionside service supérieures a 1 000 V en courant alternatif ou a 1 500 V en courgnt
continu.

6.7.34 Isolation solide
6.7.3.4.1 Généralités
Addition:

Ajouter le nouvel alinéa suivant a la fin du paragraphe:

En cas de circuits a haute tension, le terme "isolation solide" désigne plusieurs types différents
de constructions, y compris les blocs monolithiques de matériau isolant, de sous-systémes
d'isolation composés de multiples matériaux isolants, dont des liquides et des moulages isolants,
organisés en couches ou autres.
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La conformité est vérifiée en effectuant I'essai de conformité de 6.8.101 du circuit a haute
tension.

6.8 Procédure pour les essais de tension

6.8.3.1 Essai en tension alternative

Remplacement:

Remplacer la premiére phrase par la phrase suivante:

Leg contréleur de tension doit étre capable de maintenir la tension d'essai a une valeur de x5
de la valeur spécifiée tout au long de I'essai.

%

Addition:
Ajpbuter le nouveau paragraphe suivant:
6.8.101 Procédure pour les essais de tension des circuits.a haute tension dps

Ld circuit a haute tension de I'appareil est soumis a un essai consisStant a appliquer au maximd

la

appareils a rayonnement X

moitié de la tension d'essai, puis la tension d'essai est adgmentée progressivement penda

m
nt

urle période de 10 s £ 2 s jusqu'a la valeur maximale, maintenue en mode intermittent et mofle

copntinu conformément au Tableau 101.

L'¢ssai du circuit a haute tension doit étre effectué avec une tension d'essai:

LI
in

Pqurdes générateurs haute tension destinés a fonctionner a la fois en mode intermittent et

m

Tableau 101 — Durées de I'essai de résistance a haute tension

Circuits a haute tension soumis a I'essai en: Durée
Mode intermittent 3 min
Mode continu 15 min

pour la tension nominale du tube radiogene inférieure a 200 kV, 1,1 fois la tension nomina
du tube radiogénede-l'appareil; ou

pour la tension (nominale du tube radiogéne de I'appareil, égale ou supérieure a 200 kV,
tension nominale du tube radiogéne plus 20 kV.

ividuelles).

Issai ci-déssus peut étre réalisé sur le systéeme dans son ensemble ou sur les parties

a

en

e

dépasse pas 80 % de celle pour le mode intermittent, la tension d'essai du circuit a haute
tension doit faire référence a la valeur pour le mode intermittent, et I'essai doit étre effectué
uniquement dans ce mode.

Si pendant I'essai de résistance diélectrique, un transformateur en essai RISQUE de surchauffer,

il

est permis de réaliser I'essai a une fréquence d'alimentation plus élevée.

Pendant I'essai de résistance diélectrique, il convient de maintenir la tension d'essai dans le
circuit a haute tension le plus prés possible de 100 %, et qui ne doit pas étre en dehors de la
plage comprise entre 100 % et 105 % de la valeur exigée.
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