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Preface

This UL Standard is based on IEC Publication 61010-2-091: second edition, Safety Requirements for
Electrical Equipment for Measurement, Control and Laboratory Use — Part 2-091: Particular Requirements
for Cabinet X-Ray Systems. IEC publication 61010-2-091 is copyrighted by the IEC.

This UL Standard 61010-2-091 Standard for Safety Requirements for Electrical Equipment for
Measurement, Control and Laboratory Use — Part 2-091: Particular Requirements for Cabinet X-Ray

Systems, is to be used in conjunction with the third edition of UL 61010-1. The requirements for control
equipmnnf are contained-inthis Part 2 Standard and UL 61010-1

Requiregments of this Part 2 Standard, where stated, amend the requirements of UL 61010-1

Where p particular subclause of UL 61010-1 is not mentioned in UL 61010-2-091y the UL |61010-1
subclaule applies.

These materials are subject to copyright claims of IEC and UL. No part'of this publication|may be
reproduged in any form, including an electronic retrieval system, without the.prior written permissipn of UL.
All requgsts pertaining to the Safety Requirements for Electrical Equipment for Measurement, Coptrol and
Laboratpry Use — Part 2-091: Particular Requirements for Cabinet X-Ray Systems, 61010-2-091 $tandard
should ibe submitted to UL.

Note — Although the intended primary application of this Standard is stated in*its Scope, it is important to note that it r¢mains the
responsibjlity of the users of the Standard to judge its suitability for their partictlar purpose.
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL, AND

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

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes

Internatiol
referred t
the subje

liaising with the IEC also participate in this preparation. IEC collaborates closely with the International ,Organ

Standardi

2) The fo

opinion or} the relevant subjects since each technical committee has representation from all interested \EC National Comm

3) IEC Pyblications have the form of recommendations for international use and are accepted-by IEC National Committ

sense. W

responsibje for the way in which they are used or for any misinterpretation by any end user.

4) In ordgr to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparg
maximum| extent possible in their national and regional publications. Any ,divergence between any IEC Publicatio
correspor|ding national or regional publication shall be clearly indicated in the latter.

5) IEC its
and, in s

certificatign bodies.

6) All useffs should ensure that they have the latest edition-0fthis publication.

7) No liaRility shall attach to IEC or its directors,s.employees, servants or agents including individual experts and menm

technical
whatsoev
reliance u

8) Attentign is drawn to the Normative réferences cited in this publication. Use of the referenced publications is indispens3
correct agplication of this publication.

9) Attentign is drawn to thespessibility that some of the elements of this IEC Publication may be the subject of patent rights
not be held responsibleforidentifying any or all such patent rights.

Internat
measur

hal Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guideg
as "IEC Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee’in
Ct dealt with may participate in this preparatory work. International, governmental and non-governmental ‘org

pation (ISO) in accordance with conditions determined by agreement between the two organizations!

mal decisions or agreements of IEC on technical matters express, as nearly as possible,@n‘international col

ile all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC can

bIf does not provide any attestation of conformity. Independent certification bodies provide conformity assessme
bme areas, access to IEC marks of conformity. IEC is\not responsible for any services carried out by in|

committees and IEC National Committees for any personal injury, property damage or other damage of
er, whether direct or indirect, or for'Costs (including legal fees) and expenses arising out of the publication,
bon, this IEC Publication or any-other IEC Publications.

onalStandard IEC 61010-2-091 has been prepared by IEC technical committee 66: §
ng,\control and laboratory equipment.

(hereafter
terested in
anizations
zation for

hsensus of
ttees.
es in that

ot be held

ntly to the
h and the

ht services

dependent

bers of its
hny nature
use of, or

ble for the

. IEC shall

bafety of

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:

* 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)
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* Insulation requirements have been added. (6.7)
» Temperature requirements for beam-limiting devices have been added. (10.3)

* 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)

. Requir ments for rnacnnahly foreseeahle misuse have heen clarified (1 R)

* Risk agsessment 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

Full infofmation on the voting for the approval of this International Standard can be found in the r¢port on
voting indicated in the above table.

This dodument has been drafted in accordance with the ISQ/IEC Directives, Part 2.

This dogument is intended to be used in conjunction with' IEC 61010-1. It was established on the |pasis of
the third edition (2010) of IEC 61010-1, including.'its Amendment 1 (2016), hereinafter referrgd to as
Part 1.

This Part 2-091 supplements or modifies the ‘corresponding clauses in IEC 61010-1 so as to conyert that
publicatipn into the IEC standard: Particular requirements for cabinet X-ray systems.

Clauses|of Part 1 that are fully-applicable are indicated by the statement "This clause of Hart 1 is
applicabje." Where this Part 2-091 identifies a particular subclause and states "addition", "modifjcation”,
"replacement", or "deletion%, the text of that particular subclause Part 1 is adapted accordingly. (Vhere a
particular subclause of Rart'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.

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).
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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 the specific
document. At this date, the document will be

* reconfirmed,

» withdrawn

* replaced by a revised edition, or

* amended.
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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 IEC 61010-1:2010 including its Amendment 1:2016, to
specify additional safety requirements for cabinet X-ray systems. It provides additional guidance for
construction and assessment of extra high voltage circuits, mechanical HAZARDS and ionizing radiation

HAZARD VVh;Uh odall bc MITOTI It ;II thlo ty}JU Uf CUUITPITITT It.

This dogument has been written to provide protection against both radiation HAZARDS from.the dir¢ct X-ray
beam apd any scattered X-radiation caused by reflections of the X-ray beam on any part ofithe equipment
or on the sample subjected to X-rays.

The minimum safety requirements specified in this document are considered.toprovide for a |practical
degree pf safety in the operation of cabinet X-ray systems.
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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR
MEASUREMENT, CONTROL, AND LABORATORY USE - Part 2-091:
Particular requirements for cabinet X-ray systems

1 Scope and object

This cla

1.1 Sd

111 |

Deletion:

Delete {
Replacq
Replacs

This pa
any of ¢

Addition:

Add the

Equipm
EQUIPME

A cabin
of exist

least that portion of a material being irradiated, provide radiation attenuation and prevent operato

to the rd

These d
inspect

........
ope

Equipment included in scope

he first paragraph.
ment:
the second paragraph (above items a) to c)) with the-fellowing new text:

it of IEC 61010 specifies particular safety requirements for cabinet X-ray systems, which f
ategories a), b) or c) below.

two following new paragraphs at the end of the subclause:

ent covered by this document can be both PROTECTED EQUIPMENT Or PARTIALLY PR]
NT, with X-ray generatorvoltage up to 500 kV.

bt X-ray system is a:system that contains an X-ray tube installed in a cabinet, which, indep
ng architectural.structures except the floor on which it may be placed, is intended to ¢

diation beam; during generation of X-radiation.

abinet-X-ray systems are used in industrial, commercial, and public environments, for exa
materials, to analyse materials, and to screen baggage.

all under

ODTECTED

endently
bntain at
r access

mple, to

1.1.2 Equipment excluded from scope

Addition:

Add the

aa) Equ

following new items to the list:

ipment 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:
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— equipment intended to be used within a shielded room which excludes personnel during
operation;

— equipment intended to be used with separate portable or temporary shielding;
— equipment intended to produce an emerging beam of X-radiation.
1.2 Object

1.2.1 Aspects included in scope

Addition
Add the
This part
systems

surroung
conveyo

2 Norn
This clay
Addition

Add the

IEC 62061, Safety of machinery — Functional safety of safety-related electrical, electro

programi

ISO 138
design

3 Term
This clay

3.2 Pa

following new text to the end of the first paragraph:

of IEC 61010 specifies requirements for the design and methods of construction of cabin|
to provide adequate protection for OPERATORS, bystanders, trained,service personnel
ing area against unintentionally-emitted X-radiation and from mechanical HAZARDS related
[S.

hative references

se of Part 1 is applicable, except as follows:

following references to the list:

mable electronic control systems

19-1, Safety of machinery — Safety-related parts of control systems — Part 1: General pring

s and definitions
se of Part 1.is\applicable, except as follows:

ts and'accessories

et X-ray
and the
to their

hic and

iples for

Addition

Add the following new terms and definitions:

3.2.101

ACCESS PANEL o _
PROTECTIVE BARRIER 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-radiati

on
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3.2.103
DOOR

PROTECTIVE BARRIER Which is designed to be movable or opened for routine operation purposes, does not

generall

y 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.

3.2.104
EXTERN/

outside
other pq
the cabi

3.2.105
PORT

opening
rays, fo
an obje

3.2.106
PROTEC

cabinet
radiatio

Note 1 to

3.2.107
PARTIAL

cabinet

Note 1 to
flexible ra

AL SURFACE

surface of the cabinet X-ray system, including DOORS, ACCESS PANELS, latches, control’kn
rmanently mounted hardware, the virtual surface across any APERTURE or PORT, ang-the
net

in the EXTERNAL SURFACE of the cabinet which is designed to remain open during generat
t with dimensions that do not permit complete insertion into the cabinet

FED EQUIPMENT

X-ray system without any APERTURE or PORT, whichwould allow access to any areq
N
entry: Access can be prevented through INTERLOCK protected DOORS, PORTS, APERTURES or ACCESS PA
| Y PROTECTED EQUIPMENT

X-ray system with APERTURE or PORT, @llowing access to any area with X-radiation

entry: Access to the X-ray beam or scattered X-radiation could be prevented through a combination of ENCLO]
Hiation absorbents, for example, one'ar-several curtains containing lead or another radiation absorbing material.

3.2.108
BEAM-LI

device {o limit the radiatioh*field, such as a collimator, a cone or an APERTURE, intended to re
dimensipns of X-ray field

3.2.109
INTERL

arrangement ‘of components or devices operating together, intended to prevent a HAZARD of
operatigniwhenever safety is compromised by access to the interior of the system, operational i

ITING DEVICE

K

obs and
ottom of

jon of X-

the purpose of conveying objects into and out of the cabinet or for partial insertion for irragliation of

with X-

NELS.

SURE and

strict the

specific
egularity

or equipment failure

[SOURCE: IEC 62463:2010, 3.11, modified — The term "safety interlocks" has been replaced with
"interlock" and the wording "interrupt the generation of X-radiation" has been replaced with "a HAZARD or

specific

operation".]

4 Tests

This cla

use of Part 1 is applicable, except as follows:
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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.

5 Marking-and-documentation

This clayse of Part 1 is applicable, except as follows:
5.1 Malrking

5.1.3 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 min) loaf that is
greater than the average 1 min RMS load. However, whenysuch a value exceeds 125 % of the|marked
nameplgte RATING, it shall be included in the marked RATING of the equipment.

NOTE Trapsients 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 follgwing markings a)'to d) shall be provided for cabinet X-ray systems:

a) The epuipment'shall be marked at the location of each control which may be used to initiate X-radiation,
with the fext:

“CautionmXrays generated whem 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.
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¢) The indicators required by 12.2.1.104 shall be marked "X-ray on", or equivalent text or symbol;

NOTE If a milliamperemeter is used as one of the required indicators, it is marked as specified in 12.101.4, and 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).

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

Conformity is checked by inspection.

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

NOTE National regulations 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 following
markings:

— thoserequired in IEC 61010-1:2010 and IEC 61010-1:2040/AMD1:2016, 5.1;
— serial designation or individual identification;

— total fijtration 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 follpwing is
applicable. The markings on.the X-ray tube shall remain readable when the X-ray tube is dismanfled from
the X-rgy tube housing..The markings shall enable individual products, series or types to be cprrelated
with the|r accompanying-documents.

X-ray tupes 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.

Conformity is checked by inspection.

The requirements for X-ray tube assemblies apply when the X-ray tube is part of a subassembly and not a
stand-alone component.
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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:

* name or trademark of the manufacturer;

» model or type reference;

individual identification;

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 of the receptacles for high-voltage cables;

permanent filtration.

Confornlity is checked by inspection.

5.4 Dofumentation

5.41 General

Replacement:

Replacelitem d) with the following new text:

d) the information specified in 5.4.2 t0°5:4.6 and in 5.4.101;
5.4.3 Hquipment installation

Addition
Add the following new item:

aa) If cqoling™is necessary for the safe operation of equipment, or a subassembly thereof, the| cooling
requirements'shall be indicated in the documents, as identified in the RISK assessment.

5.4.4 Equipment operation
Addition:
Add the following new items:

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 tube current
obtainable from the equipment when operated at that X-ray tube voltage;


https://ulnorm.com/api/?name=UL 61010-2-091 2019.pdf

JULY 31,

2019 UL 61010-2-091

19

— 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

bb) the

showing the dependences.

instructions for use shall state the maximum symmetrical radiation field of the integrat

source assembly;

cc) thei

hstructions for use shall contain a description of the particular handling and|maintenance

ray image receptor.

Replacq
Replacd

Compilie

Addition:

Add the

5.4.101

Instruct

ment:
the conformity statement with:

nce is checked by inspection of the instructions for use.

following new subclause:
Additional documentation for cabinet X-ray systems

ons for the RESPONSIBLE BODYshall include:

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

b) instr

becausg¢ of unique features of the equipment;

c)asch

d)arec

edule of-maintenance; and

bmimendation to consult national authorities to determine any local operational requiremen

bd X-ray

pf any X-

ictions concerningyradiological safety procedures and precautions which may be ngcessary

ts.

Instructi

ons 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.

Conformity is checked by inspection.
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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:

6.5.2.10

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

In additi
shall ing

covered
NORMAL

Such scieens shall be connected to the conductive ENCLOSURE of the high voltage generator and t

the x-ray

An exce
and fully

Complia

Flexible
connecti

6.7 Ingulation requirements

6.7.1.5

Addition

Add the

Isolation

X-ray tube assembly

n, high voltage cables, carrying X-ray tube current, ACCESSIBLE by operator or service pe
orporate a flexible conductive screen having a maximum resistance per unit length o

with a non-conductive material capable of protecting the screen. against mechanical da
JSE.

tube assembly.

btion to this requirement are high voltage cables carrying x-ray tube current within a fully €
integrated X-ray generator / X-ray tube assembly-referred to as a monoblock.

hee is checked by visual inspection and by‘theasurement.

conductive screens shall not be recognized as satisfying a requirement for a protecti
pn between the devices connected by the cable.

Requirements for insulation according to type of circuit

following-niew paragraph at the end of the subclause:

between high voltage circuits in the generator, wiring or X-ray tube and the ACCESSIBLE

ESSIBLE

rsonnel,
1 Q/m
mage in

b that of

nclosed

e earth

Circuit is

to be ba

bedon the actual WORKING VOLTAGE ernccing 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 supply voltage to its steady
state operating value.

6.7.3 Insulation for secondary circuits derived from MAINS CIRCUITS of OVERVOLTAGE CATEGORY Il up
to 300 V

6.7.3.1

Addition

General
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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 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 thelfollowing new paragraph at the end of the subclause:
In the cpse of high voltage circuits, the term "solid insulation" is used to describe-many different|types of
construgtions, including monolithic blocks of insulating material, insulating subsystems composed of
multiple| insulating materials, including insulating liquids and insulating castings, organized in layers or
otherwige.
Conformity is checked by the 6.8.101 compliance test for high-voltage'Circuits.
6.8 Prpcedure for voltage tests
6.8.3.1 | The a.c. voltage test
Replacgément:
Replace the first sentence by the following sentence:
The volfage tester shall be capable of maintaining the test voltage throughout the test within +5 [% of the
specifiefd value.
Addition:
Add thelfollowing 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 mainfained in
Intermit A~} lt IIIUCIJU C.llld I'Il UUIII.‘I’IIUUUO IIlUdU VUI TabllU 101.
Table 101
Durations of high voltage strength test
High-voltage circuits tested in: Duration
Intermittent mode 3 min
Continuous mode 15 min

The test for the high-voltage circuit shall be made with a test voltage of:
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— 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 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 t
be carrigd out in that mode only.

If during
to carry

During t
possible

During
disregar

High-vo

est shall

the dielectric strength test, there is a RISK of overheating a transformer under test, it is p
but the test at a higher supply frequency.

he dielectric strength test, the test voltage in the high-voltage circuit should be kept as
fo 100 %, and is not to be outside the range of 100 % and 105 % of the.value required.

Hed.

to be tedted with an appropriately loaded X-ray tube. If such high-voltage generators do not have s
adjustment of the X-ray tube current, the duration of the diélectric strength test is to be reduced to
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 clayse of Part 1 is applicable except as follows:

7.1 Geperal

Addition

Add a new paragraph andayhew note following the existing note:

Conveyd
HAZARD

perform

s not adequately addressed by those subclauses, a RISK assessment (see Clause 17)
d.

NOTE NatJonal)regulations for conveyor systems can additionally apply. EXAMPLE: ASME B20.1, ANSI/ASME B20.1 for

brmitted

blose as

he dielectric strength test, slight corona discharges in the \Bigh-voltage circuit ar¢ to be

fage generators or subassemblies thereof, which are integrated with an X-ray tube assembly, are

eparate
such an

rs of cabinet.X-ray systems shall comply with the applicable requirements of 7.2 to 7.7, afd if any

shall be

he United

States of America:

Replace

Replace

ment:

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.

8 Resistance to mechanical stresses

This clause of Part 1 is applicable.
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9 Protection against the spread of fire

This clause 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 thelfollowing new subclauses:
10.1.10fl Protection against excessive temperatures of X-ray tube assemblies

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

NOTE Prgtective means can be ENCLOSURE or other barriers preventing access.
Complignce 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

BEAM-LIMITING DEVICES incorporating a light field-indicatonshall be provided with one of the followin

to reduge the possible temperature rise occurring if;the lamp remains energized while the BEAM
DEVICEY are covered with drapes or other materialytreducing the normal heat dissipation:

c) an dvertemperature protection device ;preventing the lamp from being energized if the 3
maximum temperature of any EXTERNAL SURFACES of the BEAM-LIMITING DEVICES has exceeded the
Table 1

-limiting device preventing'the lamp from remaining energized for a period exceeding 2
recent action by the OPERATOR to energize it. The manufacturer's instructions shall provid
of requifed externally connécted time-limiting switch;

e) a stafement in thexmanufacturer's instructions giving details of the time-limiting switch to be ¢
connected to perform the function described in item b) above.

Complignce is.Checked by inspection

ceeding
ith such

g means
LLIMITING

llowable
limits of

Mmin after
e details

xternally

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:
Replace 12.2 of Part 1 with the text below.

Replacement:
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12.2 Equipment producing ionizing radiation

12.21

12.2.11

lonizing radiation

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.

NOTE 1S

NOTE2F

NOTE 3 E
both the e
vicinity of {

regulationg.

Conform
Addition
Add the
12.211
12.211

The aml

system 4
APERTUR

The med

r X-ray and gamma radiation: 1 ySv/h = 0,1 mR/h and 5 ySv/h = 0,5 mR/h.

huipment that emits ionizing radiation is regulated by health authorities in most countries. These regulations ofte}
issions of radiation from the equipment and the cumulative dose of radiation received by thecwotkers and otf]
he equipment. See the lonizing Radiation Directive (2013/59/EURATOM) or USA 29 CFR 1910.1096as examplg

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

following new subclauses:
D1 Limits for emitted X-radiation of cabinet X-ray systems
D1.1  General

ient dose equivalent rate H*(10) (IEC:-60050-395:2014, 395-05-43) emitted from a cabin

hall not exceed 5 uSv/h at any point:\50 mm outside the EXTERNAL SURFACE or at the plan
E or PORT.

surements shall be conducted at the maximum available voltage of any highvoltage gene

highest possible voltage in fault condition

Conformi

NOTE Sps

12.2.11

Radiatio|

ity is checked by the-measurements of 12.2.1.101.2 or 12.2.1.101.3, as applicable.

cifications for radiation measurement equipment can be found in IEC 60846-1.
D1.2 Measurement of emitted X-radiation from PROTECTED EQUIPMENT

hNis' measured covering the entire EXTERNAL SURFACE of the cabinet, averaged ove

h address
ers in the
s of these

et X-ray
e of any

rator, or

[ CroSs-

sectional areas of 1 000 mm?, 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.

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?, with no linear dimension greater than 50 mm, with the cabinet X-ray system
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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 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.

For mulfiple beam systems, it shall be ensured that all beams hit a scatter body by using ome’scafter body
for eacll beam or positioning one scatter body in several beams where possible.

12.2.1.102 Construction

Cabinef] X-ray systems may be provided with a cabinet bottom or may bé designed to be perfanently
mounteg to a floor of a building, whereby the floor of the building becomes.the bottom of the system. If the
cabinet [X-ray system is designed to be permanently mounted to a floor, of a building then instructipns shall
state thpt radiation measurements must be performed in any dwelling space located below thg cabinet
after it |s installed, to ensure that the limit given in 12.2.1.101¢1"is not exceeded, and that ddditional
shielding may be required.

Conformity is checked by inspection.
12.2.1.103 Controls

The cahlinet X-ray system shall be equipped with the following controls, ACCESSIBLE to the OPERATQR:
f) a key{actuated control to ensure that Xsradiation is not possible with the key removed;

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

h) if degigned so that humans may enter the cabinet for specified purposes, a control within the cgbinet for
preventing and terminating X-radiation, which cannot be reset, overridden, or bypassed from the qutside of
the cabinet;

i) if the $ystem may be located where the public has access, a control to ensure OPERATOR presengce at the
control arrea before x-radiation can be initiated or maintained;

j) 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-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.

No SINGLE FAULT CONDITION shall disable both indicating means. A combination of)spftware,
hardware and digital control may be used to generate two redundant "X-ray on" signals,

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

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

b) Additional indicators shall be provided as needed, to ensure that at least one indicator is visible from
each DOPR, ACCESS PANEL, and PORT.

Additionglly, for cabinet X-ray systems which are designed so that humans may enter the cabinet for
specifieq purposes, the warning signals specified in ¢) shall b€ provided:

c) visual warning signals shall be provided within thecabinet when X-rays are being generated. The
indicator| shall be activated only when X-rays are being generated, except that, if the X-ray geperation
period is|less than 0,5 s, then the indicator shall be‘activated for at least 0,5 s.

Additionglly, for cabinet X-ray systems which’are designed so that humans may enter the cabinet for
specifieq purposes, if any OPERATOR positions are so located such that there is no direct view |into the
completé cabinet or places exist within the cabinet which are not visible to the OPERATOR at the iptended

hese signals'shall be activated for at least 10 s immediately prior to the first possible initjation of
-ray genefation. At least one warning signal shall remain active for as long as the X-ray generator
ig enabléd) No SINGLE FAULT CONDITION shall disable the audible and the visual indicators at the

otely shut.

NOTE 2 Specific purposes can be, but is not limited to, service, maintenance or adjustment of settings.

NOTE 3 Direct view can be, but is not limited to, direct visual or through dedicated monitors.
Conformity is checked by inspection and by evaluation of the RISK assessment documentation.
13 Protection against liberated gases and substances, explosion and implosion

This clause of Part 1 is applicable.
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14 Co

This cla

mponents and subassemblies

use of Part 1 is applicable, except as follows:

Addition:

Add the

14.101

following new subclauses:

X-ray tube assembly

For any|

X-ray generator cannot deliver a voltage greater than the nominal RATED voltage for any part, of

tube or

Conforrl
REASON.

14.102

Failure
not cau

K-ray tube assembly concerned, in intended use and in REASONABLY FORESEEABLE MISUSE.

nity is checked by inspection, with any user accessible settings for, intended use
\BLY FORESEEABLE MISUSE.

Safety-related control systems

Df a safety-related control system using microprocessors and other software control devi
5e a HAZARD.

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

NOTE 2 A
ISO 1384

If a batt
loss of ¢

Conforrl
of doub

-2, IEC 61508-3, IEC 62061 and IEC 62304.

Pry is required to ensure safe operation_of‘any microprocessor, no HAZARD shall arise as a
his power.

hity is checked by inspection, RISK’assessment, function of the circuit under evaluation and
, by application of SINGLE FAULT-CONDITIONS.

15 Protection by INTERLOCKS

This cla
151 G

Replacd

use of Part 1 is applicable, except as follows:
eneral

ment:

manufacture-specified connected X-ray tube assembly, equipment shall be so designeithat the

e X-ray

and in

ces shall

urther guidance on safety-related control systems using miergprocessors and other software controlled devices]is given in

result of

| in case

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

INTERLOCKs used to protect OPERATORS and any bystander from HAZARDS shall be evaluated by a RISK
reduction method. As a result of this, INTERLOCKS may have an appropriate safety integrity level (SIL) or
performance level (PL).

NOTE See ISO 12100, and IEC 62061 or ISO 13849-1 for more information.

IAEA and WHO have published the following maximum radiation exposure recommendations:

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

— 20 mSy effective doses per year for general occupational exposure.


https://ulnorm.com/api/?name=UL 61010-2-091 2019.pdf

28

UL 61010-2-091 JULY 31, 2019

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

— 500 mSy 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.

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.

INTERLOGKS used only to protect OPERATORS or bystanders against X-radiation HAZARDS shall ‘meet the

requirements of 15.101.

INTERLO¢Ks used only to protect OPERATORS or bystanders against other HAZARDS shall nleet the

requirements of 15.2 and 15.3.

Conformity is checked by inspection and as specified in 15.2, 15.3, and 15.1Q1, as applicable.
Addition
Add the following new subclause:
15.101

15.101.1 Exception

Availability

For cabipet 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.

k) Acceps to the X-radiation beam area is protected through two separate independent reflundant

INTERLOGK circuits;

[) Each df the two separate INTERLOCKS shall meet the requirements of 15.2 and 15.3;

m) The [area where the device is located has a physical access restriction, limiting potential [ionizing

radiatior| exposure tothe OPERATOR only; and

n) A failyre of INTERLOCK circuits shall be detectable or checked by periodical inspection of the eqyipment.
The radjation“exposure to the OPERATOR until that failure is detected shall be estimated baseq 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 puSv 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.

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