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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
HE/3, Medical Electrical Equipment to supersede AS/NZS 3200.2.7:19¢péroval and test
specification—Medical electrical equipmemtart 2.7: Particular requirements for safety—High-
voltage generators of diagnostic X-ray generators.

This particular Standard is based on but not equivalent to and has been reproduced from
IEC 60601-2-7:1998Medical electrical equipmentPart 2-7:Particular requirements for safety of
high-voltage generators of diagnostic X-ray generatomhich modifies and supplements the
corresponding Clauses of IEC 60601-1:198Bledical electrical equipment Part 1: General
requirements for safetwhich has been adopted as AS/NZS 3200.1.0:1998 hereinafter referred to as
the General Standard.

The General Standard details electrical safety requirements for all types of medical electrical
equipment. A Particular Standard details additional safety requirements for a related group of
medical electrical devices. A Collateral Standard details additional safety requirements for a range
of devices within the scope of the General Standard which may not be related but share common
problems.

Appendix ZZ lists the variations between this Standard and IEC 60601-2-7. For the purposes of this
Standard, the IEC text is amended, supplemented or replaced as set out in Appendix ZZ.

In the text of this Standard, the following print types are used:

(@) Requirements, compliance with which can be tested and definitions
................................................ in large roman type

(b) Explanations, advice, introductions, general statements, exceptions and references
.................................................... in smaller roman type

(c) Headings of sub-clauses and text specifications o
....................................................... in italic type

(d) Terms used throughout the Standard, which have been defined in Clause 2 and which are also
intheindex . . ... ... . IN SMALL CAPITALS.

The even numbered pages of the original publication are in French and are omitted from this

version.

Some other pages of the original, which relate to IEC administrative matters, are also omitted from

this edition.

As this publication has been reproduced from an international Standard, the following modifications

apply:

(i)  Its number does not appear on each page of text and its identity is shown on the cover and
title page.

(i) The words ‘this Australia/New Zealand Standard’ should replace the words ‘this International
Standard’ wherever they appear.

(i) Substitute a full point for a comma where it appears as a decimal marker.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annex or appendix to which they apply. A ‘normative’ annex or appendix is an integral part of a
Standard, whereas an ‘informative’ annex is only for information and guidance.
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1

AUSTRALIAN/NEW ZEALAND STANDARD

Medical electrical equipment

Part 2.7:
Particular requirements for safety—High voltage generators of
diagnostic X-ray generators

SECTION 1: GENERAL
The clauses and subclauses of this section of the General Standard apply except as follows:
1 Scope and object
This clause of the General Standard applies except as follows:

1.1 Scope
Replacement:

This Particular Standard applies to HIGH-VOLTAGE GENERATORS of medical diagnostic X-RAY
GENERATORS and to their subassemblies including the following:

— HIGH-VOLTAGE GENERATORS that are integrated with an X-RAY TUBE ASSEMBLY;
— HIGH-VOLTAGE GENERATORS of radiotherapy treatment simulators.

Where appropriate, requirements for X-RAY GENERATORS are given but only where these concern the
functioning of the associated HIGH-VOLTAGE GENERATOR.

This standard excludes
—  CAPACITOR DISCHARGE HIGH-VOLTAGE GENERATORS (these are covered by IEC 60601-2-15),
— HIGH-VOLTAGE GENERATORS for mammography,

— HIGH-VOLTAGE GENERATORS for RECONSTRUCTIVE TOMOGRAPHY.

1.2 Object
Replacement:

The object of this standard is to establish particular requirements to ensure safety and to specify
methods for demonstrating compliance with those requirements.

NOTE 1 — Requirements for reproducibility, linearity, constancy and accuracy are given because of their relationship to the
quality and quantity of the IONIZING RADIATION produced, and are confined to those considered necessary for safety.

NOTE 2 — Both the levels for compliance and the tests prescribed to determine compliance reflect the fact that the safety of
HIGH-VOLTAGE GENERATORS is not sensitive to small differences in levels of performance. The combinations of LOADING FACTORS
specified for the tests are, therefore, limited in number but chosen from experience as being appropriate in most cases. It is
considered important to standardize the choice of combinations of LOADING FACTORS so that comparison can be made between
tests performed in different places on different occasions. However, combinations other than those specified could be of equal
technical validity.

NOTE 3 — The safety philosophy on which this standard is based is described in the introduction to the General Standard and
in IEC 60513.
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NOTE 4 — Concerning RADIOLOGICAL PROTECTION it has been assumed in the preparation of this standard that MANUFACTURERS
and USERS do accept the general principles of the ICRP as stated in ICRP 60, 1990, paragraph 112," namely:

a) “No practice involving exposures to radiation should be adopted unless it produces sufficient benefit to the
exposed individuals or to society to offset the radiation detriment it causes. (The justification of a practice.)

b) In relation to any particular source within a practice, the magnitude of individual doses, the number of people
exposed, and the likelihood of incurring exposures where these are not certain to be received should all be
kept as low as reasonably achievable, economic and social factors being taken into account. This procedure
should be constrained by restrictions on the doses to individuals (dose constraints), or the risks to individuals
in the case of potential exposures (risk constraints), so as to limit the inequity likely to result from the inherent
economic and social judgements. (The optimisation of protection.)

c) The exposure of individuals resulting from the combination of all the relevant practices should be subject to
dose limits, or to some control of risk in the case of potential exposures. These are aimed at ensuring that no
individual is exposed to radiation risks that are judged to be unacceptable from these practices in any normal
circumstances. Not all sources are susceptible of control by action at the source and it is necessary to specify
the sources to be included as relevant before selecting a dose limit. (Individual dose and risk limits).”

NOTE 5 — Most of the requirements on X-RAY EQUIPMENT and its subassemblies for protection against IONIZING RADIATION are
given in the Collateral Standard IEC 60601-1-3.

This standard does, however, deal with some aspects of RADIOLOGICAL PROTECTION, mainly those that depend upon the supply,
control and indication of electrical energy from the HIGH-VOLTAGE GENERATOR.

NOTE 6 — It is recognized that many of the judgements necessary to follow the ICRP general principles have to be made by
the USER and not by the MANUFACTURER of the EQUIPMENT.

1.3 Particular standards
Addition:

This Particular Standard, hereinafter referred to as “this standard”, amends and supplements a set of
IEC publications, hereinafter referred to as “General standard”, consisting of IEC 60601-1: 1988,
Medical electrical equipment — Part 1: General requirements for safety, its amendments 1 (1991)
and 2 (1995), and all Collateral Standards. The numbering of sections, clauses and subclauses of
this standard corresponds to that of the General Standard. The changes to the text of the General
Standard are specified by the use of the following words:

“Replacement” means that the clause or subclause of the General Standard is replaced completely
by the text of this standard.

“Addition” means that the text of this standard is additional to the requirements of the General
Standard.

“Amendment” means that the clause or subclause of the General Standard is amended as indicated
by the text of this standard.

Subclauses or figures which are additional to those of the General Standard are numbered starting
from 101, additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc.

Where there is no corresponding section, clause or subclause in this standard, the section, clause or
subclause of the General Standard applies without modification.

Where it is intended that any part of the General Standard, although possibly relevant, is not to be
applied, a statement to that effect is given in this standard.

A requirement of this standard replacing or modifying requirements of the General Standard takes
precedence over the original requirements concerned.

Y ICRP Publication 60: Recommendations of the International Commission on Radiological Protection (Annals of the ICRP

Vol. 21 No 1-3, 1990). Published by Pergamon Press.
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1.3.101 Related International Standards

This standard requires HIGH-VOLTAGE GENERATORS, or subassemblies thereof, to comply with the
applicable requirements of IEC 60601-1-3.

NOTE — IEC 60601-1-3 contains the following:

“In the following IEC standards, requirements that relate to medical diagnostic X-RAY EQUIPMENT are superseded by the
requirements in this Collateral Standard:

IEC 60407: 1973, Radiation protection in medical X-ray equipment 10 kV to 400 kV
IEC 60407A: 1975, First supplement to IEC 60407."

Attention is drawn to the existence of the following IEC publications:

IEC 60417P:1997, Graphical symbols for use on equipment: Index, survey and compilation of the
single sheets — Fifteenth supplement

IEC 60601-2-15:1988, Medical electrical equipment — Part 2: Particular requirements for the safety
of capacitor discharge X-ray generators

IEC 60601-2-28:1993, Medical electrical equipment — Part 2: Particular requirements for the safety
of X-ray source assemblies and X-ray tube assemblies for medical diagnosis

IEC 60601-2-32:1994, Medical electrical equipment — Part 2: Particular requirements for the safety
of associated equipment of X-ray equipment

IEC 60613:1989, Electrical, thermal and loading characteristics of rotating anode X-ray tubes for
medical diagnosis

IEC 60664-1:1992, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60788: 1984, Medical radiology — Terminology

ISO 497:1973, Guide to the choice of series of preferred numbers and of series containing more
rounded values of preferred numbers

ISO 3665:1976, Photography — Intra-oral dental radiographic film — Specifications
ISO 7000:1989, Graphical symbols for use on equipment — Index and synopsis

2 Terminology and definitions

This clause of the General Standard applies except as follows:
Addition before 2.1:

In this standard, terms printed in SMALL CAPITALS are used in accordance with their definitions in the
General Standard or in IEC 60788.

NOTE — Attention is drawn to the fact that, in cases where the concept addressed is not strongly confined to the definition
given in one of the publications listed above, a corresponding term is printed in lower case letters.

An index of defined terms used in this standard is given in annex AA.

Associated conditions qualifying the usage of certain terms are given in 2.101.

aa) In this standard unless otherwise indicated:

— values of X-RAY TUBE VOLTAGE refer to peak values, transients being disregarded;

—  values of X-RAY TUBE CURRENT refer to average values.
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bb) The electric power in the high-voltage circuit mentioned in 6.8.2 a) 3) and 6.8.2 a) 4) is
calculated according to the formula:

P=fUI
where
P is the electric power;
f  is the factor depending on the waveform of the X-RAY TUBE VOLTAGE, selected as below and is
a) 0,74 for ONE-PEAK HIGH-VOLTAGE GENERATORS and TWO-PEAK HIGH-VOLTAGE GENERATORS, Of
b) 0,95 for SIX-PEAK HIGH-VOLTAGE GENERATORS, Or
c) 1,00 for TWELVE-PEAK HIGH-VOLTAGE GENERATORS and CONSTANT POTENTIAL HIGH-VOLTAGE GENERATORS; Of

d) for other HIGH-VOLTAGE GENERATORS, the most appropriate value, 0,74, 0,95 or 1,00, chosen according to the
waveform of the X-RAY TUBE VOLTAGE, with a statement of the value selected;

U is the X-RAY TUBE VOLTAGE;

I is the X-RAY TUBE CURRENT.
Addition:
2.101 Qualifying conditions for defined terms

2.101.1 Operating conditions for nominal X- RAY TUBE VOLTAGE

NOMINAL X-RAY TUBE VOLTAGE is defined in IEC 60788 (rm-36-03) as the highest permitted X-RAY
TUBE VOLTAGE for specific operating conditions. In this standard, if specific operating conditions are
not stated, it is to be assumed that the value referenced is unconditional and is thus the highest
X-RAY TUBE VOLTAGE permitted for NORMAL USE of the item under consideration. Such a value cannot
be higher, but is sometimes lower, than values permitted for certain separate subassemblies or parts
of the item.

2.101.2 PERCENTAGE RIPPLE in CONSTANT POTENTIAL HIGH-VOLTAGE GENERATORS

Unless otherwise stated, it is to be assumed that for a HIGH-VOLTAGE GENERATOR to be regarded as a
CONSTANT POTENTIAL HIGH-VOLTAGE GENERATOR, the PERCENTAGE RIPPLE of its output voltage (under
the relevant conditions) does not exceed 4.

2.101.3 RADIATION QUANTITY for NOMINAL SHORTEST IRRADIATION TIME

The definition of NOMINAL SHORTEST IRRADIATION TIME refers to a required constancy of a RADIATION
QUANTITY. In this standard the RADIATION QUANTITY concerned is AIR KERMA.

2.101.4 IRRADIATION TIME
Generally the IRRADIATION TIME is measured in terms of LOADING TIME as the time interval between:

— the instant that the X-RAY TUBE VOLTAGE has risen for the first time to a value of 75 % of the peak
value; and

— the instant at which it finally drops below the same value.

For systems in which LOADING is controlled by electronic switching of the high voltage, using a grid in
an electronic tube or in the X-RAY TUBE, the LOADING TIME may be determined as the time interval
between the instant when the TIMING DEVICE generates the signal to start the IRRADIATION and the
instant when it generates the signal to terminate the IRRADIATION.

For systems in which LOADING is controlled by simultaneous switching in the primaries of both the
high-voltage circuit and the heating supply for the filament of the X-RAY TUBE, the LOADING time shall
be determined as the time interval between the instant when the X-RAY TUBE CURRENT first rises
above 25 % of its maximum value and the instant when it finally falls below the same value.
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3 General requirements

This clause of the General Standard applies except as follows:

3.1 Addition:

HIGH-VOLTAGE GENERATORS shall be designed so as not to deliver in NORMAL USE, to any connected
X-RAY TUBE ASSEMBLY, a voltage greater than the NOMINAL X-RAY TUBE VOLTAGE for the X-RAY TUBE
ASSEMBLY concerned.

5 Classification

This clause of the General Standard applies except as follows:

5.1 Replacement:

HIGH-VOLTAGE GENERATORS shall be CLASS | EQUIPMENT Or INTERNALLY POWERED EQUIPMENT.

5.6 Replacement:

Unless otherwise specified, HIGH-VOLTAGE GENERATORS or subassemblies thereof shall be classified
as suitable for continuous connection to the SuPPLY MAINS in the STAND-BY STATE and for specified
LOADINGS; see also 6.1 m) and 6.8.101.

6 Identification, marking and documents

This clause of the General Standard applies except as follows:

6.1 Marking on the outside of EQUIPMENT Or EQUIPMENT parts
g) Connection to the supply
Addition:

— For HIGH-VOLTAGE GENERATORS that are specified to be permanently installed, the information
required in 6.1 g) of the General Standard may be stated in the ACCOMPANYING DOCUMENTS only.

h) Supply frequency
Addition:

— For HIGH-VOLTAGE GENERATORS that are specified to be permanently installed, the information
required in 6.1 h) of the General Standard may be stated in the ACCOMPANYING DOCUMENTS only.

i) Power input
Addition:

For HIGH-VOLTAGE GENERATORS that are specified to be permanently installed, the information may be
stated in the ACCOMPANYING DOCUMENTS only.

The information on the input power shall be specified in terms of combinations of
1) the RATED MAINS VOLTAGE of the X-RAY GENERATOR in volts; see item @),
2) the number of phases; see item g),
3) the frequency, in hertz; see item h),
4) the maximum permissible value for APPARENT RESISTANCE OF SUPPLY MAINS, in ohms;

5) the characteristics of OVER-CURRENT RELEASES required in the SUPPLY MAINS.
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m) Mode of operation
Replacement:

The mode of operation — where appropriate, together with maximum permissible ratings — shall be
stated in the ACCOMPANYING DOCUMENTS; see 6.8.101.

n) Fuses
Addition:

For HIGH-VOLTAGE GENERATORS that are specified to be permanently installed, this subclause of the
General Standard does not apply; see item j).

p) Output

Replacement:

This subclause of the General Standard does not apply.
t) Cooling conditions

Addition:

The cooling requirements for the safe operation of a HIGH-VOLTAGE GENERATOR, or a subassembly
thereof, shall be indicated in the ACCOMPANYING DOCUMENTS, including as appropriate:

— the maximum heat dissipation into the surrounding air, given separately for each subassembly
that dissipates more than 100 W and might be separately located on installation;

— the maximum heat dissipation into forced air cooling devices, and the corresponding flow rate
and temperature rise of the forced air stream;

— the maximum heat dissipation into a cooling medium utility and the permissible input temperature
range, minimum flow rate and pressure requirements for the utility.

Addition:
aa) Marking of compliance

If, for a HIGH-VOLTAGE GENERATOR or subassembly thereof, compliance with this standard is to be
marked on the outside of the EQUIPMENT, such marking shall be made in combination with the MODEL
OR TYPE REFERENCE as follows:

[MODEL OR TYPE REFERENCE] IEC 60601-2-7

6.7 Indicator lights and push-buttons

a) Colours of indicator lights

Addition after the first paragraph:

For HIGH-VOLTAGE GENERATORS, the colours to be used for indicator lights shall be as follows:

— the colour green shall be used at the CONTROL PANEL to indicate the state from which one further
action leads to the LOADING STATE; see 29.1.102 a);

— the colour yellow shall be used at the CONTROL PANEL to indicate the LOADING STATE; see 29.1.102
b).

NOTE — The colours of indicator lights need to be chosen according to the message to be given. Thus, the same operational
state of an EQUIPMENT can have simultaneous indications in different colours depending upon the place of indication, for
example green at the CONTROL PANEL and red at the entrance to the EXAMINATION ROOM.
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6.8 ACCOMPANYING DOCUMENTS
6.8.2 INSTRUCTIONS FOR USE

a) General information
Addition:

Electric output data shall be stated in the INSTRUCTIONS FOR USE in terms of LOADING FACTORS as
described in 6.8.2 a) 1) to 6.8.2 a) 6).

For diagnostic devices in which part of the HIGH-VOLTAGE GENERATOR is integrated with the X-RAY
TUBE ASSEMBLY (for example X-RAY TUBE HEADS) the stated values shall refer to the complete device.

The following combinations and data shall be stated:

1) For both CONTINUOUS MODE and INTERMITTENT MODE, the corresponding NOMINAL X-RAY TUBE
VOLTAGE together with the highest X-RAY TUBE CURRENT obtainable from the HIGH-VOLTAGE
GENERATOR when operated at that X-RAY TUBE VOLTAGE.

2) For both conTINUOUS MODE and INTERMITTENT MODE, the corresponding highest X-RAY TUBE
CURRENT together with the highest X-RAY TUBE VOLTAGE obtainable from the HIGH-VOLTAGE
GENERATOR when operating at that X-RAY TUBE CURRENT.

3) For both coNnTINUOUS MODE and INTERMITTENT MODE, the corresponding combination of X-RAY
TUBE VOLTAGE and X-RAY TUBE CURRENT which results in the highest electric output power.

4) The NOMINAL ELECTRIC POWER given as the highest constant electric output power in kilowatts
which the HIGH-VOLTAGE GENERATOR can deliver, for a LOADING TIME of 0,1 s at an X-RAY TUBE
VOLTAGE of 100 kV or, if these values are not selectable, with an X-RAY TUBE VOLTAGE nearest to
100 kV and the value of LOADING TIME nearest to but not less than 0,1 s.

The NOMINAL ELECTRIC POWER shall be given together with the combination of X-RAY TUBE
VOLTAGE and X-RAY TUBE CURRENT and the LOADING TIME.

5) For HIGH-VOLTAGE GENERATORS indicating precalculated or measured CURRENT TIME PRODUCT,
the lowest CURRENT TIME PRODUCT or the combinations of LOADING FACTORS resulting in the
LOWEST CURRENT TIME PRODUCT.

If the value of the lowest CURRENT TIME PRODUCT depends upon the X-RAY TUBE VOLTAGE Or upon
certain combinations of values of LOADING FACTORS, the lowest CURRENT TIME PRODUCT may be
given as a table or curve showing the dependence.

6) For HIGH-VOLTAGE GENERATORS provided with AUTOMATIC EXPOSURE CONTROL SYSTEMS
controlling the IRRADIATION TIME, the NOMINAL SHORTEST IRRADIATION TIME.

If the NOMINAL SHORTEST IRRADIATION TIME depends upon LOADING FACTORS such as X-RAY TUBE
VOLTAGE and X-RAY TUBE CURRENT, the ranges of these LOADING FACTORS for which the NOMINAL
SHORTEST IRRADIATION TIME is valid shall be stated.

For HIGH-VOLTAGE GENERATORS provided with AUTOMATIC EXPOSURE CONTROL SYSTEMS controlling
the X-RAY TUBE VOLTAGE or the X-RAY TUBE CURRENT the maximum possible excursion of the
X-RAY TUBE VOLTAGE or the X-RAY TUBE CURRENT during the IRRADIATION shall be stated in the
INSTRUCTIONS FOR USE.
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6.8.3 Technical description

a) General
Addition:

The technical description shall contain information about the combination or, if necessary, the
combinations of subassemblies and ACCESSORIES of an X-RAY GENERATOR with which compliance with
the requirements of 50.101 and 50.102 can be shown; see 50.1.

NOTE — Attention is drawn to the usefulness in the technical description of
— data and essential characteristics to determine the ratings of an earth leakage circuit breaker, or

— indication of the types of earth leakage circuit breakers which can be used with the HIGH-VOLTAGE GENERATOR.
Addition:
6.8.101 Reference to ACCOMPANYING DOCUMENTS

Clauses and subclauses of this standard in which additional requirements concerning the content of
ACCOMPANYING DOCUMENTS are given:

Mode of operation and specified LOADINGS . . ..... ... ... . . ... 5.6 and 6.1 m)
Connection to the supply . . . . ..o 6.1 9)

Number of phases of SUPPLY MAINS . . . . . . ... e 6.1 g) and 6.1j) 2)
Frequency of SUPPLY MAINS . . . . . it e e e e e 6.1 h) and 6.1 j) 3)
Power input . . .. 6.1])

MAINS VOLTAGE . . . o ittt e e e e e e e e e e e e e e e e e e e e e 6.1))1)

APPARENT RESISTANCE OF SUPPLY MAINS . . . ..ttt e i e e 6.1]) 4) and 10.2.2
OVER-CURRENT RELEASE . .« o i it e et et e e e e e e e e e e e e e 6.1]))5)

FUSES . . 6.1 n)

Cooling conditionNs . . . . .. .. 6.11)

Electric output data, combinations of LOADING FACTORS . . ............... 6.8.2 a) and 50.101
Suitable combinations for compliance test . ... ....... . ... ... . ... ... 6.8.3 a) and 50.1
Earth leakage circuit breaker . . .. ... ... L 6.8.3 a)
Compliance with this standard .. ........... . ... ... . . ... . . . . ... ... 6.8.102

Central connection point PROTECTIVE EARTH CONDUCTOR . . . . vt v v i oo v v v n 19.3

Range and interrelation of LOADING FACTORS . . . . . . ...ttt 29.1.102 e)

Test conditions for automatic control in INTERMITTENT MODE . . . . .. ... ..... 29.1.102 e)
Method to check the AUTOMATIC INTENSITY CONTROL and

AUTOMATIC EXPOSURE CONTROL .« v oottt v i et e e e e e e e e e e e e e e e 29.1.104 f)

Equal intervals onscales . . .. ... ... 29.1.106 e)
Combinations with the HIGH-VOLTAGE GENERATOR . . . . . .ot v i i e o 50.1

Suitable test combinations . . . .. ... 50.1

LOADING FACTORS and modes of operation . ......................... 50.101.1 a)
LOADING FACTORS in fixed combinations ... ....... ... ... ... ... ..... 50.101.2 a)
Provisions for semi-permanent values of LOADING FACTORS . ............. 50.101.2 b)
Density correction of AUTOMATIC EXPOSURE CONTROL . . . ... vvviv v v i .. 50.102.2 dd) 2)

6.8.102 Statement of compliance

If, for an X-RAY GENERATOR Or a HIGH-VOLTAGE GENERATOR, oOr a subassembly of the latter,
compliance with this standard is to be stated, the statement shall be made in the following form:

X-ray generator [MODEL OR TYPE REFERENCE] IEC 60601-2-7:1998 or
High-voltage generator [MODEL OR TYPE REFERENCE] IEC 60601-2-7:1998 or

[Name of subassembly] [MODEL OR TYPE REFERENCE] IEC 60601-2-7:1998.
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