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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-7: Particular requirements for the safety of
high-voltage generators of diagnostic X-ray generators

998 (E)

FOREWOUORD

1) The JEC (International Electrotechnical Commission) is a worldwide organization f mprising
all rlational electrotechnical committees (IEC National Committees). The objg promote
interhational co-operation on all questions concerning standardization in the e } elds. To
this |[end and in addition to other activities, the IEC publishes International Standar ration is
entrdsted to technical committees; any IEC National Committee intergSteth in\ the\ subject with may
participate in this preparatory work. International, governmental and noR liaising
with the IEC also participate in this preparation. The IEC collaborates S ization for
Stanfardization (ISO) in accordance with conditions determined by agre ganizations.

2) The |formal decisions or agreements of the IEC on technica arly as posgible, an
interpational consensus of opinion on the relevant subjects g dentation
from|all interested National Committees.

3) The use and are published in the form
of st ommittees in that sensle.

4) In o dertake to apply IEC Intefnational
Stan dtional and regional standands. Any
dive b clearly
indidated in the latter.

5) The |IEC provides no markipg Rrocegu and cannot be rendered responsiblg for any
equipment declared to be i

6) Attenmtion is drawn to the ibi S [ nts of this International Standard may be thg subject
of pdtent rights. The IEC a { identifying any or all such patent rights.

Interngdtional St 4 { een prepared by subcommittee 62B: Diagnostic

imaging equipmeny, ical somrpittee 62: Electrical equipment in medical praclice.

This s¢ es the first edition published in 1987, and constitutes a

technid

FDIS Report on voting
62B/329/FDIS 62B/334/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting ndicated-inthe above table.

Annexes AA and BB form an integral part of this standard.

Annex

In this

CC is for information only.

standard, the following print types are used:

— requirements, compliance with which can be tested and definitions: roman type;
— explanations, advice, notes, general statements and exceptions: smaller type;

— test specifications: italic type,

— TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD OR IN IEC 60788: SMALL CAPITALS.

A bilingual version of this standard may be issued at a later date.
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-7: Particular requirements for the safety of
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 atrd ubjcut
This clpuse of the General Standard applies except as follows:

1.1 Scgope
Replagement:

This Particular Standard applies to HIGH-VOLTAGE GE)
GENERATORS and to their subassemblies including the

— HIGH-VOLTAGE GENERATORS that are integrated
— HIGH-VOLTAGE GENERATORS of radio

Where
concern the functioning of the associatéd HIGH-VOLTA

— CAPACITOR DISCHAR(
- HIGH-VOLTAGI@
— HIGH-VOLTAGE
1.2 Opject

Replageme

specify

NOTE 1|- Reguitements
relationghip’ to_the qualit
necessary.for'safety.

or reproducibility, linearity, constancy and accuracy are given because
and quantity of the IONIZING RADIATION produced, and are confined to those co

X-RAY

these

15),

and to

of their
hsidered

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 112,1) namely:

a)

b)

c)

NOTE 5|- Most of the requirements on X-RAY EQUIPMENT and its subassemblie

RADIATI

"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.)

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.)

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

ne mdividual is o pncarl toradiatian ricks that ara 1udaod tao ho tnaccantahle fram thaocso pr:n\rir- o in any
rlormal circumstances. Not all sources are susceptible of control by action at the sgurce iti bcessary
tp specify the sources to be included as relevant before selecting a dose limij ivi and risk
|

mits)."

IONIZING
dN are given in the Collateral Standard IEC 60601-1-3.

This stapdard does, however, deal with some aspects of RADIOLOGICAL PROTECTIONND&| nd upon

the supply, control and indication of electrical energy from the HIGH-VOLTA

NOTE 6|- It is recognized that many of the judgements necessary to fol e to be
made by the USER and not by the MANUFACTURER of the EQUIPMENT.

1.3 Particular Standards

Additign:

This Pprticular Standard, hereinafter referred as. 't rd", amends and suppl¢ments
a set [of IEC publications, hereinaft "General Standard", consisfing of

IEC 60601-1: 1988, Medical electrical

General requirements for safety, its

amendments 1 (1991) and a| Standards. The numbering of sqctions,
clausep and subclauses S ' s to that of the General Standand. The
changgs to the text of {h < gcified by the use of the following worgds:

"Replagement”
completely by theNg

bclause of the General Standard is rgplaced

"Additi beneral
Stands
"Amen Hed as
indicat

Subclauses-or figure nbered
startind from~101, additional annexes are lettered AA, BB, etc., and additional items aa), bb), fetc.

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 req
takes

uirement of this standard replacing or modifying requirements of the General Standard
precedence over the original requirements concerned.

1) 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 ."

H H ] Py | Hy ) £all H = [H P
Attent'Jll 1S UTawliT tu UTc TAISITTHILT UT UTT TUNMTUWITTY T PJuunicdtiurio.

IEC 6(4417P:1997, Graphical symbols for use on equipment: Index, su
the single sheets — Fifteenth supplement

pilation of

IEC 6(Q601-2-15:1988, Medical electrical equipment — Part 2:
safety [of capacitor discharge X-ray generators

for the

IEC 6(
safety

601-2-28:1993, Medical electrical equipment — Paf reqiirements |for the

dragnosis

IEC 6(
safety

requirements |for the

IEC 60 ] 3 z of rotating anode X-ray tubes
for me

IEC 6(¢
Princip

Part 1:

IEC 60

more rpunded valueg of

ISO 497:1973, * ice.Qf series, of preferred numbers and of series containing

ISO 36

ISO 70

2 Ter

This clpuse ef:fite General Standard applies except as follows:

Additignbefore 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.


https://iecnorm.com/api/?name=07b55ee230b6efde915053cf7bd2b770

~-8- 60601-2-7 © IEC:1998 (E)

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, or
b) 0,95 for SIX-PEAK HIGH-VOLTAGE GENERATORS, of
c) 1,00 for TWELVE-PEAK HIGH-VOLTAGE GENERATORS and CONSTANT POTENTIAL HIGH-VOLTAGE GENERATORS; Or

d) for other HIGH-VOLTAGE GENERATORS. the most appropriate value, 0.74, 0.95 or 1,00, chosen according to the
wavgform of the X-RAY TUBE VOLTAGE, with a statement of the value selected;

U is thp X-RAY TUBE VOLTAGE;

| is thg X-RAY TUBE CURRENT.

Additidn:

2.101 | Qualifying conditions for defined terms

2.101.1 Operating conditions for NOMINAL X-RAY TUBE VOLTAG
NOMINAL X-RAY TUBE VOLTAGE is defined in IE
X-RAY |[TUBE VOLTAGE for specific operating co pdard, if specific opgrating
conditipns are not stated, it is to be asSsu ced is unconditionall and is
thus the highest X-RAY TUBE VOLTAS AL USeE of the item| under
consideration. Such a value cannot be i metimes lower, than values permitted
for cerfain separate subassemblies or part !

) as’the highest permitted

2.101.2 PERCENTAGE RIPF

Unlesq otherwise stafed\Jjt\ ¢ to be
regarded as a cd ) - y E of its
output|voltage ( e

2.101.8

The deéfinitiQ y of a

RADIATJON. Q

2.101.4

Generally the. IRRARIATION TIME is measured in terms of LOADING TIME as the time interval

betwegn:

— 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 signhal 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 clpuse of the General Standard applies except as follows:

5.1 placement:

HIGH-VJIOLTAGE GENERATORS shall be CLASS | EQUIPMENT or INTER EQUIPMENT.

5.6 placement:

thereof shall be
8 STAND-BY STATE and

Unlesy otherwise specified, HIGH-VOLTAGE GENERATOR
classiffed as suitable for continuous connection to th¢
for spgcified LOADINGS; see also 6.1 m) and 6.8.101.

6 Idgntification, marking and doc

This clpuse of the General Standard appftie

6.1 Marking on the outsi

g) Coannection to the s
Additign:

— For| HIGH-vOD
information require
DOCUMENTS only.

re specified to be permanently installed, the
eral Standard may be stated in the ACCOMPANYING

h) Supply f
Additign;

— For
information regwi
DOCUMENTS anly.

GENERATORS that are specified to be permanently installed, the
6.1 h) of the General Standard may be stated in the ACCOMPANYING

J) Powet i||put
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 @),

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
the General Standard does not apply; see item j).

subclause of

p) Oulput
Replagement:

This sybclause of the General Standard does not apply.

t) Cooaling conditions

Additign:

The co¢oling requirements for the safe operatlon of a(HJ)GH:VOLTAGENGENERATOR, Or [a sub-

assemply thereof, shall be indicated DOCUMENTS,

approgriate:

A@NG

including as

— the iven separately for each sub-
assg iSsSi d he separately located on installation;
— the|maximum heat disgipation intQ t d cooliny devices, and the corresponding flow

ratgd and temperature risg o

— the|maximum heal disgipati {nto i medium utility and the permissible¢ input
temlperature @, . 3 nd pressure requirements for the utility.

Additidn:

aa) M

If, for & HIGH.VOLTAG 3 or subassembly thereof, compliance with this standafd is to
be ma bSi e EQUIPMENT such marking shall be made in combinatipn with

the MO

[MODEY OR TYPEREFERENCE] IEC 60601-2-7

6.7

ndicator 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

Additio

n:

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 dig

anastic davicacsin which nart Anf thao Lo v/ Tace coneEnATANR 1o intanratad |th the
St &S W HHeH—part— ot e—Trrorm—y- o Ao R AToOR—S gratea—y

X-RAY
complg

The fo

1)
TUB
voL

2)
TUB
voL

3)
X-

ps)

4)
kilo
X-R
voL

o T A\~

te device.

TUBE ASSEMBLY (for example X-RAY TUBE HEADS) the stated valués sh

lowing combinations and data shall be stated:

~or both cCONTINUOUS MODE and |

refer| to the

For both CONTINUOUS MODE and INTERMITTENT MODE, the\corre i X-RAY
E VOLTAGE together with the highest X-RAY TUBE QURRE HIGH-

For both CONTINUOUS MODE and INTERMITTEN({ M S : X-RAY
E CURRENT together with the highest X- : : HIGH-

corresponding combingtion of

Y TUBE VOLTAGE and X-RAY TUBE ¢ Ults in the highest electric output power.
The NOMINAL ELEC . e highest constant electric output pgqwer in
vatts which the HIGM:VO NERATOR cdndeliver, for a LOADING TIME of 0,1 5 at an
Y TUBE VOLTAGE\Of if these_values are not selectable, with an X-RAy TUBE
TAGE nearest t0[100 lue @f LOADING TIME nearest to but not less than|0,1 s.

NOMINAL given together with the combination of X-RAY TUBE
TAGE and X- the LOADING TIME.

RS indicating precalculated or measured CURRENT TIME
T TIME PRODUCT or the combinations of LOADING FACTORS

If the vatue ,ofXthe\ lowest CURRENT TIME PRODUCT depends upon the X-RAY TUBE VOLTAGE or

6)

ODUCT

STEMS

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

GENERATUR.

Additidn:

6.8.101 Reference to ACCOMPANYING DOCUMENTS

Clausds and subclauses of this standard in which additiona
contenI of ACCOMPANYING DOCUMENTS are given:

concerning the

Mode of operation and specified LOADINGS 3 and 6.1 M)
Conneftion to the SUPPlY.....ccooeeieiiiii N 6.1 g)
Numbgr of phases of SUPPLY MAINS 7 6.19) and 6{1j) 2)
Frequgncy Of SUPPLY MAINS ....c.oeiveiiniiipeneennennse 6.1 h) and 6{1 j) 3)

Power|input ......ccoocoeveiiiiiiiinn G N 6.1])

MAINS NVOLTAGE ..ivuiviiiiieiiiiieeeeeeee e e e NG e 6.1j) 1)

APPARENT RESISTANCE OF SUPPLY MAINS 6.1])) 4) and(10.2.2
OVER-CURRENT RELEASE 6.1)) 5)

Fuses| ..o AN e e 6.1 n)

Cooling conditions ........... e N\ eemeeen e NG e e N, 6.11)

Electri¢ output data, cg 6.8.2 a) and $0.101
Suitable combinagiqons or comyh 6.8.3 a) and |50.1
Earth |[pakage c!‘ : 6.8.3 a)
Compllance with thi 6.8.102

Central connectig : 19.3

Range|and intgrrelati 3 A SFA 29.1.102 e)
Testc ; i 29.1.102 e)
Methox

AUTOMA 29.1.104f)
Equal intervals 8 29.1.106 e)
Combipations with 50.1

Suitable €est'’combinations 50.1
LoADINeFAETFORSaRrEHModesefoperation—— 50-16+3e)
LOADING FACTORS in fixed combinations ...........ccoooiiiiiiiii e, 50.101.2 a)
Provisions for semi-permanent values of LOADING FACTORS ...........ccveeuneee. 50.101.2 b)
Density correction of AUTOMATIC EXPOSURE CONTROL ....uvvvnieiniiiieiaeinaenneeen 50.102.2 dd) 2)

6.8.102 Statement of compliance

If, for an X-RAY GENERATOR Or a HIGH-VOLTAGE GENERATOR, Or 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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SECTION 2: ENVIRONMENTAL CONDITIONS

The clauses and subclauses of this section of the General Standard apply except as follows:

10 Environmental conditions

This clause of the General Standard applies except as follows:

10.2.2 Power supply

Item a)

Additign:
The infernal impedance of a SUPPLY MAINS is to be considered suffict
of a HIGH-VOLTAGE GENERATOR if the value of the APPARENT RESISTA
not ex¢eed

. the gppropriate reference value according to table 101, o

- the Jalue specified according to 6.1 j) 4), whichever 5 the

Table 101 — Reference values for the

ANC OF SUPPLY MAINS

Wavdform of NOMINAL MAIN VOLTAGE
. NOMINAL
high poltage

ELECTRIC POWER

according to

66250 4) 480 240 230 208 120
\A}PARE RESISTANCE OF SUPPLY MAINS
KRN @
One-peak 0,5 0,95 0,81 0,70
“ 2 2, 1,79 1,66 060 |055 |045 |d15
2 16 > 1,19 | 1,10 | o040 |o036 |030 |dz10
4,0 ) 80 |072 |o066 |024 |[022 |o018 |d06
0 50 /o040 |036 033 |012 |[011 |o000 |q,032
0,40 | 034 |030 |0,27
24 |o020 |o018 |o017
Two-pehk 1,6 1,3 1,19 | 1,1 0,40 | 036 |030 |dz10
1,0 080 | 072 |o066 |024 |o022 |o018 |d,06
080 | o067 |o060 |055 |o018 |018 |014 | 045
050 | o040 |036 |03 |o012 |o011 |009 |d032
0,40 | 034 |030 |0,27
0,24 | 020 |018 | 017
0,16 | 014 |o012 |o0,11
Six-peak, 083 |o065 |060 |055 |019 |018 |014 | 0,045
twelve-peak | 54 o 064 |050 |o048 |o044 |014 |o015 |o011 |o0,035
and up to
constant 32,0 0,40 | 034 |030 |0,27
potential 40,0 0,32 0,27 0,24 0,22
50,0 0,24 | o020 |o018 |0,17
75,0 0,16 | 014 |o012 |o0,11
100 0,12 |00 |009 |0,09
150 0,08 | 007 |006 | 0056
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A supply derived from a local electric power generator is considered suitable only if it is
approved as such by the MANUFACTURER of the HIGH-VOLTAGE GENERATOR.

NOTE - If a NOMINAL voltage is claimed for a mains power supply system, it is assumed that there is no voltage of a
higher value between any of the conductors of the system, or between any of these conductors and earth.

An alternating voltage is considered in practice to be sinusoidal if any instantaneous value of the waveform
concerned differs from the instantaneous value of the ideal waveform at the same moment by no more than +2 % of
the peak value of the ideal waveform.

A three-phase sSuPPLY MAINS is considered to have a practical symmetry if it delivers symmetrical voltages and
produces, when loaded symmetrically, symmetrical currents.

Symmetrical voltages are considered to exist, if, when determined according to Fortescue'’s
theorem 2), neither the magnitude of the negative sequence voltages nor the magnitude of the
Zero seguernce voltages exceeds 2 96 of themagritude of the positive sequ

voftages.

Symmetrical currents are considered to exist if, when determined a pscue’s

theoremn 2), neither the magnitude of the negative sequence currents of the
Zero s¢

NOTE - have a
symmet and that
single-p d at the
source i bance of
symmet

A HIGH- pecified
NOMINAL not less
than the pecified
accordin

For this brmula:

where

U, is thg no-load MAINS VO

U: is thg MAINS VOLTAGE under |0ad
I is thg mains cu

The M4

between
— phal f i 3 -phase system,
— phal
— eac
The AR JISTANCE OF SUPPLY MAINS shall be measured by applying a single r¢sistive

load df @4 “wvalue corresponding approximately to the NOMINAL ELECTRIC POWER specified
according'to 6.8.2 a) 4), but not more than 30 kW.

Reference values for the APPARENT RESISTANCE OF SUPPLY MAINS for NOMINAL MAINS VOLTAGES
not included in table 101 may be interpolated or extrapolated, and shall be calculated on the
basis that the reference value is proportional to the square of the NOMINAL MAINS VOLTAGE.

If values of NOMINAL ELECTRIC POWER between those given in table 101 are specified, it shall be
possible to fulfil all requirements applying for the next lower value of NOMINAL ELECTRIC POWER
given in table 101 with the APPARENT RESISTANCE OF SUPPLY MAINS given for that lower value.

2) C. L. Fortescue, Method of symmetrical co-ordinates applied to the solution of polyphase networks, Trans.
AIEE. vol. 37, pp. 1027 - 1140, 1918.
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SECTION 3: PROTECTION AGAINST ELECTRIC SHOCK HAZARDS
The clauses and subclauses of this section of the General Standard apply except as follows:
15 Limitation of voltage and/or energy
This clause of the General Standard applies except as follows:

Addition:

aa) Detachable HIGH-VOLTAGE CABLE CONNECTIONS shall either be designed so that the use of
TooLs [is required to disconnect them or they shall be provided with INTERLO so thgt at all
times Wwhen PROTECTIVE COVERS or high-voltage connections are remove

— the HIGH-VOLTAGE GENERATOR is disconnected from its power supp

— cappcitances in the high-voltage circuit are discharged withi
to gainfaccess to the high-voltage circuit, and

essary

— the [discharged state is maintained.
Compl

bb) P
MAINS

e in the

NOTE —

ERMINAL

tted and

Compl
16 E
This cl

Additig

NOTE —|Requireme
donnected to X-

oerning the resistance and earthing of a flexible conductive screen of high-voltage cables
RAY TUBE ASSEMBLIES are given in IEC 60601-2-28.

19 Continuous LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS
This clause of the General Standard applies except as follows:

19.3 Allowable values
Addition:

For HIGH-VOLTAGE GENERATORS and subassemblies thereof the column on Type B and the rows
on EARTH LEAKAGE CURRENT, in NORMAL CONDITION and SINGLE FAULT CONDITION and on
ENCLOSURE LEAKAGE CURRENT, in NORMAL CONDITION, of table IV including the notes of the
General Standard apply.
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The allowable values of EARTH LEAKAGE CURRENT are permitted for each subassembly of an
X-RAY EQUIPMENT that is supplied by its own exclusive connection to the SUPPLY MAINS or to a
central connection point, if the latter is fixed and permanently installed.

A fixed and permanently installed central connection point may be provided inside the outer
ENCLOSURE or cover of the HIGH-VOLTAGE GENERATOR. If other subassemblies such as an X-RAY
SOURCE ASSEMBLY Or ASSOCIATED EQUIPMENT are connected to the central connection point, the
EARTH LEAKAGE CURRENT between such a central connection point and the external protective
system may exceed the allowable values for any one of the single devices connected.

NOTE - The limitation of the EARTH LEAKAGE CURRENTS within the environment of an X-RAY EQUIPMENT is intended to
ensure that ACCESSIBLE PARTS do not become live and to prevent interference in other electrical equipment.

The pro szision of a central connectian Ir\nint is nr‘r‘ppfnhlp as for fixed and Inprm;anpnfl\/ installed EQUIPMENT, the
interrupfion of the PROTECTIVE EARTH CONDUCTOR is not considered to be a SINGLE FAULT/CON ever, in
such capes, adequate information on the combination of subassemblies needs to be ppayi i hce with
6.8.3 a)

19.3 4q), table 1V, note 3)
Additign:

For pgrmanently installed HIGH-VOLTAGE GENERATORS CURRENT| under

NORMAL CONDITION and SINGLE FAULT CONDITION shall

19.3 4q), table 1V, note 4)

Additidn:

For MQBILE X-RAY EQUIPMENT and TRANSPOR
CURRENT under NORMAL CONDITION shall not exceed
shall npt exceed 5 mA. T NCL RE\LEA E CURR

not ex¢eed 2 mA.

AY EQUIPMENT, the EARTH LEAKAGE
and under SINGLE FAULT CONDITION
T under SINGLE FAULT CONDITION shall

19.3 1), table IV, pote
Additign:
For permanently ins GE GENERATORS, regardless of waveform and frequency,

the EARTH LEAKAG MORMAL CONDITION and SINGLE FAULT CONDITION shall not
exceeq 2

20 Dj

This clpuse oftf ral Standard applies except as follows:

b

20.3 VYalues of test voltages

Addition:

The dielectric strength of the electrical insulation of high-voltage circuits shall be sufficient to
withstand the test voltages for the durations given in 20.4 a) and in table 102.

The test shall be made without an X-RAY TUBE connected and with a test voltage of 1,2 times
the NOMINAL X-RAY TUBE VOLTAGE of the HIGH-VOLTAGE GENERATOR.

If the HIGH-VOLTAGE GENERATOR can be tested only with the X-RAY TUBE connected and if the
X-RAY TUBE does not allow the HIGH-VOLTAGE GENERATOR to be tested with a test voltage
of 1,2 times the NOMINAL X-RAY TUBE VOLTAGE, the test voltage shall be lower but not less than
1,1 times that voltage.
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Addition

20.3.101 For ONE-PEAK HIGH-VOLTAGE GENERATORS, the test voltage for the high-voltage circuit
shall be referred to the no-load half cycle if the X-RAY TUBE VOLTAGE for the no-load half cycle
is higher than in the on-load half cycle.

20.3.102 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 referred to the value for INTERMITTENT MODE, and the test shall be carried out in
that mode only.

20.4 Tlests
Iltem a
Additign:
The high-voltage circuits of HIGH-VOLTAGE GENERATORS Or Gted by
applying a test voltage of 50 % of its final value according briod of
10 s td the final value which is then maintained for the,
If during the dielectric strength test there is a ris . / { st, it is
permitied to carry out the test at a hig upp
Table 102 — Dur no
ngp\oltage cwcm& tes®\ Duration
& \T\gMITTWE\) \) 3 min
/\ \C\ONTIN o \N\\/ 15 min
)MStM WIth)NAY\E\% >E) 4 aa) 1) and 20.4 aa) 2).
Item d \>
Additign:
During| ept as
close 3$ b value
requirg
Iltem f)
Additiom:

During the dielectric strength test of HIGH-VOLTAGE GENERATORS slight corona discharges in
the high-voltage circuit are to be disregarded if they cease when the test voltage is lowered
to 110 % of the voltage to which the test condition is referred.

Item /)
Addition:

The test voltage for the dielectric strength testing of stator and stator circuit used for the
operation of the 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.
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Additional item aa):

1) HIGH-VOLTAGE GENERATORS or subassemblies thereof, that are integrated with an X-RAY
TUBE ASSEMBLY are to be tested with an appropriately loaded X-RAY TUBE.

2) 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.

3) If the dielectric strength test is performed with an X-RAY TUBE connected and the high-
voltage circuit is not accessible for the measurement of the test voltage applied, appropriate
measures are to be taken to ensure that the values lie within the limits required in 20.4 d).

The clauses and subclauses of this section of the General Sta \ \ ws:
Additign:

NOTE — covered
by IEC 6

The clauses and subclause k QI eral Standard apply except as follpws:

29 X-RADIATIO@

This clpuse of the G&

29.1 Replacen

29.1 ated\py diagnostic X- RAY GENERATORS containing HIGH-VOLTAGE

Ge
Additign:

29.1.101<{ General requirements

HIGH-VOLTAGE GENERATORS of diagnostic X-RAY GENERATORS shall comply with the applicable
requirements of IEC 60601-1-3; see 1.3.101.

29.1.102 Indication of operational states

a) READY STATE in INTERMITTENT MODE

Visible indication shall be provided on the CONTROL PANEL indicating the state when one further
actuation of a control from that CONTROL PANEL will initiate the LOADING of the X-RAY TUBE in
INTERMITTENT MODE.

If this state is indicated in INTERMITTENT MODE by means of a single function indicator light, the
colour green shall be used; see 6.7 a).
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In INTERMITTENT MODE, means shall be provided for a connection to enable this state to be
indicated remotely from the CONTROL PANEL. This requirement does not apply for X-RAY
GENERATORS Of MOBILE EQUIPMENT.

NOTE - The actuation of a single control with two consecutive positions — as used for starting a rotating anode and
setting other preparatory conditions — is regarded as a single actuation.

b) LOADING STATE

The LOADING STATE shall be indicated by a yellow indicator light on the CONTROL PANEL of the
HIGH-VOLTAGE GENERATOR; see 6.7 a). Additionally,

— in | R device,
audible at the Iocat|on from which the EQUIPMENT is operated, tant of
terminftion of LOADING,

— in gONTINUOUS MODE, means shall be provided for connectionsg at the
LOADING STATE in CONTINUOUS MODE can be indicated remotely f L. This

requirgment does not apply for X-RAY GENERATORS of MOBILE EQ

¢) Indication of the X-RAY SOURCE ASSEMBLY selected

Where| a HIGH-VOLTAGE GENERATOR has provisions o sg S - BE, an
indicatjon of the X-RAY TUBE selected shall be provided TP ior|to the
LOADING of the X-RAY TUBE.

AN one
Hitional

Wher¢g a HIGH-VOLTAGE GENERATOR ha
X-RAY [TUBE from a single location, mea
indicatjon to be given at or near each

d) Ind|cation of automati mode

OMATIC CONTROL SYSTEMS, the preselected
¢ on the CONTROL PANEL.

For HIGH-VOLTAGE GE
mode ¢f automatig\ope

For Hiq ng in INTERMITTENT MODE in which AUTOMATIC EXROSURE
CONTR v Qg One or more LOADING FACTORS, information about thg range
and inferrelation o . \ FACTORS shall be given in the INSTRUCTIONS FOR USE.

In addit PN [ shall be provided in a form suitable to be displayed at a projminent
locatio QXNTROL PANEL of the HIGH-VOLTAGE GENERATOR.

Compllance_is checkeéd by inspection and by the appropriate functional tests.

29.1.103 Limitation of RADIATION output

a) Means shall be provided to limit the electric energy to be delivered by the use of fixed or
preselected combinations of suitable LOADING FACTORS and modes of operation.

However, for modes of operation used in such techniques as RADIOSCOPY or CINERADIOGRAPHY,
the duration of the LOADINGS may be under the continuous control of the OPERATOR.

b) Each LoOADING shall be initiated and maintained by means of a control requiring continuous
actuation by the OPERATOR.

c) It shall not be possible to initiate any subsequent IRRADIATION Ofr, in SERIAL RADIOGRAPHY, any
subsequent series without releasing the control by which the previous IRRADIATION was initiated.
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d) Means shall be provided for the OPERATOR to terminate each LOADING at any time before its
intended completion, except during SERIAL RADIOGRAPHY or for single LOADINGS with a LOADING
TIME of 0,5 s or less.

During SERIAL RADIOGRAPHY, the OPERATOR shall be able to terminate the LOADINGS at any time,
but means may be provided to permit completion of any single LOADING of the series in
progress.

e) Any control by which the LOADING of an X-RAY TUBE can be initiated shall be safeguarded
against unintended actuation.

NOTE - Safeguarding against unintended actuation is only possible insofar as the wearing of PROTECTIVE GLOVES or

the use pifootswitchestemain prnnflr‘nhln

Compllance is checked by inspection and by the appropriate functional t

29.1.104 Safety measures against excessive  RADIATION output

a) In the case of a failure of its normal termination, the IRRADI \ d by a
safety measure.

b) For|operation in CONTINUOUS MODE, when the duration o A i i by the
OPERATOR while it is in progress, a TIMING DEVICE sh ¢ ' i arning
signal |to the OPERATOR of the completlon of 3 . TIMING
DEVICE| shall have the following characieristi

1) i Q ariod evice so as to permit subsequent
LOAPINGS to accumulate a duratio es without any warning being| given.
Proyision may also be made for p i ive minutes to be set. Any LPADING
made without the deviceg | LMOADING made subsequently to the expiry
of itls most recently setperios 2 ibte warning signal to be given continuously
while such LOADING | $
2) it shall bei 3 ; at any time, without prevention or interrupgtion of
LOAPING, in order s S ingvand to permit further periods of LOADING, egch not
excgeding five min ated, during which no warning is given;
3) any contre etting esetting the time period shall be separate from any IRRADIATION
SWICH
c) In aglditiqn o v p i ini , i ensure
automatic termqination in~the event of LOADING in CONTINUOUS MODE having continued without

interruption-for-a~perigd exceeding 10 min. In the event of termination being effected by these
means| inr, NORMAL CONDITION, it shall be possible to resume LOADING by releasing and re-
actuating.the IRRADIATION SWITCH.

d) In INTERMITTENT MODE, if the normal termination is not effected upon the basis of a RADIATION
measurement, continuous actuation by the OPERATOR in accordance with 29.1.103 b) shall
suffice as the safety measure required in item a) above.

e) In INTERMITTENT MODE if the normal termination depends upon a RADIATION measurement the
safety measure shall comprise means for termination of IRRADIATION in the event of a failure of
the normal termination.

Either the product of X-RAY TUBE VOLTAGE, X-RAY TUBE CURRENT and IRRADIATION TIME shall be
limited to not more than 60 kJ per IRRADIATION or the CURRENT TIME PRODUCT shall be limited to
no more than 600 mAs per IRRADIATION.
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The system for normal termination of IRRADIATION and the system used for the safety measure
shall be separated so that a failure in one system does not affect termination by the other
system.

A visible indication at the cONTROL PANEL shall be provided whenever a LOADING has been
terminated by the safety means required. Another LOADING in the same mode of operation shall
not be possible until a control device provided for resetting has been operated at the CONTROL
PANEL.

f) For HIGH-VOLTAGE GENERATORS provided with AUTOMATIC INTENSITY CONTROL Or AUTOMATIC
EXPOSURE CONTROL, a method by which the OPERATOR can verify the functioning of these controls
shall be_pravided and the INSTRUCTIONS EOR USE shall cantain the description of that method.

Compllance is checked by inspection and by the appropriate functional

29.1.105 Connection of external INTERLOCKS

HIGH-JOLTAGE GENERATORS, except those of dental X-RAY GENE 3 RTABLE
X-RAY |GENERATORS, shall be provided with connection 3 other
electri¢al devices that can be positioned remotely from MERATOR and can
cause |the X-RAY GENERATOR to stop emitting X-p W 8 X-RAY
GENERATOR from starting to emit X-RADIATION.

NOTE - An example of the use of this facilityAwould be 5 during
RADIOSC]

Compl

29.1.1

a) Gen

For all equate
ranges ily high
ABSOR

b) Systems for @& Qntrel 0f/LOADING FACTORS shall provide an adequate range of

combir OADING FACTORS, so that the automatic control is applied in
ranges girement in item a) to be met.

c) In ) RATORS specified for dental applications, the increments of scale
values CURRENT oOr IRRADIATION TIME Or CURRENT TIME PRODUCT shall [be not

greate

d) In M-V O ETFAGCE-CENERATORS cnacifiad faor dant
oo rACe—oeNeERATORS a—o—Ge

D
©

Sp appheat perat'ng at one X- RAY
TUBE VOLTAGE only, the available CURRENT TIME PRODUCT shall cover

of the highest to the lowest CURRENT TIME PRODUCT is at least 16. Corresponding ranges of
CURRENT TIME PRODUCT values shall be covered if more than one X-RAY TUBE VOLTAGE can be

used.
NOTE - It is recommended to use scale increments according to the R'10 series; see annex BB.

e) For IRRADIATION TIMES shorter than 0,063 s in ONE-PEAK HIGH-VOLTAGE GENERATORS and
TWO-PEAK HIGH-VOLTAGE GENERATORS specified for dental applications where, because of
dependence on the frequency of the SUPPLY MAINS, it is not possible to provide all values
belonging to the geometrical series within the range, missing values and consequently different
geometrical intervals between the values provided shall be recognisable on the scale, and shall
be explained in the ACCOMPANYING DOCUMENTS.
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f) In systems for automatic control of LOADING FACTORS in CONTINUOUS MODE the general
requirement of item a) shall be considered to be met if

— at least two appropriately differentiated levels of the controlled quantity can be selected, or

— at least two appropriately differentiated levels of one characteristic LOADING FACTOR, oOr
appropriately differentiated functions of interdepending LOADING FACTORS can be selected, or

— additionally, manual control without the use of the AUTOMATIC CONTROL SYSTEM is possible.

g) HIGH-VOLTAGE GENERATORS designed for RADIOSCOPY shall be provided with means for the
available combinations of LOADING FACTORS in CONTINUOUS MODE to be restricted to correspond,

in part
the X-H

When
level ¢

Compl
36 El

This cl
Replad

IEC 60

The cl@quses a clauses of this section of the General Standard apply except as follg

42 EX

cular Installations, to any limit applying to the maximum AIR KERMA avallab

AY EQUIPMENT, in order to comply with local regulations.

A high level control is provided, a continuous audible signal g
bntrol is actuated.

bctromagnetic compatibility

puse of the General Standard applies exce
ement:

601-1-2 shall be applicable.

ION AGAINST EXCESSIVE TEMPERATURES AND
OTHER SAFETY HAZARDS

e from

e high

WS:

céssive temperatures

This clause of the General Standard applies except as follows:

42.1 Addition:

Restrictions on allowable maximum temperature for parts in contact with oil shall not apply to
parts wholly immersed in oil.
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SECTION 8: ACCURACY OF OPERATING DATA AND PROTECTION
AGAINST HAZARDOUS OUTPUT

The clauses and subclauses of this section of the General Standard apply except as follows:

Addition:

NOTE - Many variable factors affect the relationship between the output parameters of a HIGH-VOLTAGE GENERATOR
and the attainment of particular radiographic results in the X-RAY EQUIPMENT. Even when there is compliance with
this standard, it is not to be expected in daily radiographic practice that LOADING FACTORS determined for any
purpose on one installation can be transferred to other installations for the same purpose, without correction.

50 Ag
This cl

Replad
50.1 d

For HI
compli
under
GENER
compli

Compl
50.102
approg
as suit

50.101
50.101

a) Ade
LOADIN
otherw
OPERA]
data n

and 50,

Discre
amoun

curacy of operating data

puse of the General Standard applies except as follows:

ement:
eneral
eof it

EH-VOLTAGE GENERATORS or subassemblies thg shatk be possible to demo

IndicationQf e
.1 Generas

af» X*RADIATION produced, particularly values for X-RAY TUBE CURRENT, LOADING TI

CURRE
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If compliance with this standard of LOADING FACTORS indicated in a series R'10 is to be
determined by using the theoretical (calculated) values according to annex BB, this shall be
indicated in the ACCOMPANYING DOCUMENTS.

b) In HIGH-VOLTAGE GENERATORS for dental RADIOGRAPHY with OBJECT PROGRAMMED CONTROL,
the following requirements apply to adjustments provided to compensate for the variable
sensitivity of recording media by controlling the X-RAY TUBE CURRENT or the IRRADIATION TIME:

1) the available range of adjustment of the controlled parameter shall not be less than 4 to 1;

2) the values of the controlled parameter resulting from adjacent settings of the adjustment
shall be in the series R'10 with an interval of 1,25 or 1,6.
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¢) The units of indication shall be as follows:

for X-RAY TUBE VOLTAGE, kilovolts;

for X-RAY TUBE CURRENT, milliamperes;

for LOADING TIME, seconds;

for IRRADIATION TIME, seconds;

for CURRENT TIME PRODUCT, milliampereseconds;
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50.101.3 ,Indicatiomaf varying LOADING FACTORS

Dr near

For HIGH-VOLTAGE GENERATORS UpETrating Wit AUTOMATIC INTENSITY CONTROLC T RADIO

COPY,

continuous indication of the LOADING FACTORS that vary shall be given at the CONTROL PANEL.

50.102 Reproducibility, linearity and constancy

NOTE - 50.101 and 50.102 contain requirements on operating data for diagnostic HIGH-VOLTAGE GENERATORS, as
part of X-RAY GENERATORS, that are considered essential for protection against incorrect output. HIGH-VOLTAGE

GENERATORS of higher performance are often necessary to ensure the consistent attainment of desired |
diagnostic capability.

evels of
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50.102.1 Reproducibility of the RADIATION output in INTERMITTENT MODE without AUTOMATIC
EXPOSURE CONTROL activated

The coefficient of variation of MEASURED VALUES of AIR KERMA shall be not greater than 0,05 for
any combination of LOADING FACTORS.

Compliance is determined by tests according to 50.104, 50.105 and table 105, in suitable test
combinations; see 50.1.

50.102.2 Linearity and constancy in  INTERMITTENT MODE

a) Lingarity of AIR KERMA over limited intervals of LOADING FACTORS

For operation in INTERMITTENT MODE the quotients of the average of

or the product of the values of X-RAY TUBE CURRENT and IRRADIATAON
settings of the above LOADING FACTORS when preselection is €onti
values|differ by a factor as close as possible to but not exgceeding
than 0

where

K, K} arethe aveft e
Q1 and@: are the indicated R
l1 and Il are the indicajg

t1 and to

Compl
combi

ble test

b) Con

In the| Qperation of an AUTOMATIC EXPOSURE CONTROL in INTERMITTENT MODE to [control
IRRADIATTION fOT DIRECT RADIOGRAPHY, the variationm of —opticat_density im_the Tesultant
RADIOGRAMS shall not exceed a value of

1) 0,15 arising from changes of the X-RAY TUBE VOLTAGE, the thickness of the irradiated
object being constant,

2) 0,20 arising from changes in the thickness of the irradiated object, the X-RAY TUBE
VOLTAGE being constant,

3) 0,20 arising from changes in both the X-RAY TUBE VOLTAGE and the thickness of the
irradiated object,

4) 0,10 for unchanged X-RAY TUBE VOLTAGE and constant thickness of the irradiated object.
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The above requirements do not apply to AUTOMATIC EXPOSURE CONTROLS designed for use in
DENTAL PANORAMIC TOMOGRAPHY.

Compliance is determined by the following test.
aa) Method

Measure the optical density of RADIOGRAMS of PHANTOMS made of water or other TISSUE
EQUIVALENT MATERIAL, produced with the AUTOMATIC EXPOSURE CONTROL in operation.
Determine the variations of density for different PHANTOM thicknesses and for different X-RAY
TUBE VOLTAGES.

bb) Test arrangement

Use a test arrangement with the following characteristics; see also fig 102

1) & FOCAL SPOT TO IMAGE RECEPTOR DISTANCE of 100 cm, rem anged for 4l tests

in al series;

ining b
e cassette being

3) @n X-RAY SOURCE ASSEMBLY of a type specified(for IGH-VOLTAGE GENERATOR
r test. The X-RAY FIELD is aligned and adjustea TRANCE
FACE of the cassette and remains™s

oL in a

ch of a

optical

bCREEN

; brcy of
een verified.

charadteristi¢s has b

dd) Setting the AUTOMATIC EXPOSURE CONTROL
1) Select the central field of the measuring chamber of the AUTOMATIC EXPOSURE CONTROL.

2) Make any adjustments required in accordance with the INSTRUCTIONS FOR USE to apply
the density correction for the type of film-screen combination in use and to produce a
measured optical density in the processed film of 1,1 to 1,3, when operating at an X-RAY
TUBE VOLTAGE of 80 kV, using the 15 cm PHANTOM.
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ee) Selecting the X-RAY TUBE CURRENT

Except when testing an AUTOMATIC EXPOSURE CONTROL that operates with a fixed IRRADIATION
TIME, select a value of X-RAY TUBE CURRENT that will result in IRRADIATION TIMES during the tests
exceeding three times the shortest specified IRRADIATION TIME but not exceeding 1 s. Record
any selected value.

If no suitable value of X-RAY TUBE CURRENT can be selected, use a different FOCAL SPOT TO
IMAGE RECEPTOR DISTANCE to enable the stated range of IRRADIATION TIMES to be achieved with
the nearest available setting of X-RAY TUBE CURRENT.

ff) Te4§TTOADINGS

Make leight test LOADINGS, using the combinations of X-RAY TUBE YOLT. ANTOM
thickness indicated in table 103 and four additional LOADINGS at 8 ] ANTOM
thickngss. Process the films; measure and record the optical density Qf ]

Table 103 — L oADINGS for testing AUTOMATIC?‘QRE CON

X-RAY TUBE VOLTAGE (see note 1) P T th\l&(ne M

kV

(7 €m
60 (see note 2) g X\// (\%0 :3@5
80 \ \ \ 15)and 20

100 /l\ 15 and 20

120/(\%9 note 2) \ K\ \/ 10 and 15

NOTE 1 - If an re\not selec e, use the nearest selectable value.

NOTE 2 — [f
the specified rahge\a
reduyced\tan

utsi
seleet wther

specified range, use the nearest value within
alues as evenly spaced as possible in the

bmpliance

optical

2) forseach of the four pairs of LOADINGS made at the same X-RAY TUBE VOLTAGE (with
PHANTOMS of different thickness), no MEASURED VALUE of optical density differs by mofe than
0,2 from the other value in the pair,

3) for the whole series of eight LOADINGS, no MEASURED VALUE of optical density differs by
more than 0,2 from the mean of the eight values,

4) for five loadings at constant test parameters, 80 kV with 15 cm PHANTOM thickness, no
MEASURED VALUE of optical density differs by more than 0,1 from the mean value of the five
values.
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50.103 Accuracy of LOADING FACTORS

NOTE - 50.101 and 50.102 contain requirements on operating data for diagnostic HIGH-VOLTAGE GENERATORS, as
part of X-RAY GENERATORS, that are considered essential for protection against incorrect output. HIGH-VOLTAGE
GENERATORS of higher performance are often necessary to ensure the consistent attainment of desired levels of
diagnostic capability.

In X-RAY GENERATORS with AUTOMATIC CONTROL SYSTEMS where the X-RAY TUBE VOLTAGE or the
X-RAY TUBE CURRENT, or both, is intended to vary during the IRRADIATION, the accuracy of the
intentionally varied LOADING FACTOR required in 50.103.1 and 50.103.2, shall be disregarded.

In HIGH-VOLTAGE GENERATORS the requirements of this subclause apply to the accuracy of all

VaIUeS Cf EOABHING—FAGTFORS, \A:hnfhar nﬁrhr\afmrl fixvad oF prnonlor\fnd uuhon r\nmpar d W|th

rroroerteo e

MEASURED VALUES of the same LOADING FACTOR.

Compliance is determined by tests according to 50.104.

50.103.1 Accuracy of X- RAY TUBE VOLTAGE

For opgration of a HIGH-VOLTAGE GENERATOR in any specifi
and cdmponents of an X-RAY GENERATOR, the error of the
any combination of LOADING FACTORS, shall be not g

mblies
\GE, in

The increment or decrement of the X- : indi ettings
shall bp within 50 % and 150 % of thedhdrsat f

50.103.2 Accuracy of X- RAY TUBE CURRE

For opferation of HIGH-VOLTA S any specified combination with subassgmblies
and cgmponents of an X+ ! helerjor of the value of the X-RAY TUBE CURRENT, in

any combination of LOADING\FACTORS, shalbMje not gr€ater than 20 %.

50.103.3 Accur@f

For operation of RIGH : s in any specified combination with subassgmblies
and cqmponents of 8 OR, the error of the value of the X-RAY TUBE LPADING
TIME, i any comBjnaton XCTORS, shall be not greater than £ (10 % + 1 ms)
50.103. TIME PRODUCT

For oplerati KRIAVOLPAGE GENERATORS in any specified combination with subassgmblies
and cdmponents) of & “RAY GENERATOR, the error of the value of the X-RAY TUBE CYRRENT

i aulrement alsag annlies in cases when the cURRENT TIME PRODUCT is deriV
is r € y
g PP t

calculation.

50.104 Test conditions

Tests for compliance of LOADING FACTORS with the requirements of 50.102 and 50.103 shall be
conducted under the following conditions.

A survey of the following minimum required combinations of LOADING FACTORS is given in annex CC.
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50.104.1 X-RAY TUBE VOLTAGE
a) INTERMITTENT MODE

One measurement shall be made at the lowest INDICATED VALUE of X-RAY TUBE VOLTAGE, the
highest available X-RAY TUBE CURRENT for that X-RAY TUBE VOLTAGE and the shortest INDICATED
VALUE of IRRADIATION TIME.

One measurement shall be made at the lowest INDICATED VALUE of X-RAY TUBE VOLTAGE, the
highest available X-RAY TUBE CURRENT for that X-RAY TUBE VOLTAGE and an IRRADIATION TIME of
approximately 0,1 s.

One measurement shall be made at the highest INDICATED VALUE of X- GE and
the highest available X-RAY TUBE CURRENT for that X-RAY TUBE VOLTAGE“a DIATION
TIME of approximately 0,1 s.

b) CONTINUOUS MODE

One mleasurement shall be made at 90 % of the maximum GE and

any X-RAY TUBE CURRENT.

One mleasurement shall be made at 60 % of the ma RAY TUBE VOLTAGE and

any X-RAY TUBE CURRENT.

50.104.2 X-RAY TUBE CURRENT
a) INTERMITTENT MODE
One measurement shall e m . NT, the

highest INDICATED VAKUE . ;s . | UE of
IRRADIATION TIME.

NT, the
| S.

One measurem
highes{ INDICATED VA

the highest INDICATED VALUE of X-RAY TUBE CURRENT, the
TAGE for the tested X-RAY TUBE CURRENT and an IRRADIATION

One m
highes|
TIME of

b) Co

One m shall be made at 20 % of the maximum available X-RAY TUBE CURRANT and
the lowest available X-RAY TUBE VOLTAGE.

One measurement shall be made at 20 % of the maximum available X-RAY TUBE CURRENT and
the highest available X-RAY TUBE VOLTAGE.

50.104.3 IRRADIATION TIME
a) Determination of the IRRADIATION TIME

One measurement shall be made at the lowest INDICATED VALUE oOf IRRADIATION TIME, the
highest INDICATED VALUE of X-RAY TUBE VOLTAGE and any INDICATED VALUE of X-RAY TUBE
CURRENT.

One measurement shall be made at the lowest INDICATED VALUE of IRRADIATION TIME and the
highest available electric power, P.
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b) Determination of the NOMINAL SHORTEST IRRADIATION TIME

Make an IRRADIATION using the AUTOMATIC EXPOSURE CONTROL with > 70 % of the available
generator power at approximately 80 kV. To determine the average AIR KERMA, adjust the
ATTENUATION In the X-RAY BEAM (preferably by using a water PHANTOM) to achieve an
IRRADIATION TIME close to 0,1 s.

Make several IRRADIATIONS with reduced PHANTOM thicknesses using the same X-RAY TUBE
VOLTAGE and generator power as mentioned above. The PHANTOM thickness shall be varied in
such a way that the IRRADIATION TIME does not vary more than a factor of two between two
IRRADIATIONS.

The NOMINAL SHORTEST IRRADIATION TIME is determined as the IRRADIATION 7

n 20 %
, when

) requirements for

ATED RRENT TIME PRODUCT and

=D VALUE of CURRENT TIME PRODYCT and

ination

ded to
constit under
test as
Align t ARROW
BEAM d3

huating

im50.105.2 b). Verify the RADIATION QUALITY according to 50.105.2 a).

Arrang
materiFI specifie

50.105.2 ATTENUATION and RADIATION QUALITY for measurement of AIR KERMA

a) RADIATION QUALITY

Ensure that the RADIATION QUALITY of the X-RAY BEAM emerging from the X-RAY SOURCE
ASSEMBLY complies with applicable specified conditions for NORMAL USE. If no such conditions
are specified, ensure that the TOTAL FILTRATION in the X-RAY SOURCE ASSEMBLY is such as to
comply with the HALF-VALUE LAYER requirements in IEC 60601-1-3, table 204, as applicable.
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Table 104 — ATTENUATION for the measurement of AIR KERMA

X-RAY TUBE VOLTAGE Thickness of aluminium
kv mm
40 4
50 10
60 16
70 21
80 26
90 30
100 34 /\<
120 40 <
150 45 (\\
NOTE - For intermediate values of X-RAY TM, Se
the thickness given for the next higher stated~alue: k
N\

b) ATTENUATION

To simulate the presence of a PATIENY i ! @n Of/AIR KERMA, add a layer of
aluminjum of sufficient size to interce -RAY BEAM, the thickness being as
follows:

- 6m ations;

— in other cases, a thickness -RAY TUBE VOLTAGE in accordange with
table 104.

50.105.3 Tests@e

Make 10 measuremé : in/one hour, at each of the test settings A, B, C[and D

accordjing to tabl

Calcul 2 i f ation for each of the measurement series and the average AIR
KERMA[foptest setting to verify compliance according to 50.102.1.

50.105.

Make [LO, measureménts of AIR KERMA in one hour, at each of the test settings E|and F
accordjingto table 105.

Calculate the average value of AIR KERMA for the two measurements series. Use these average
values and those for test settings C and D from 50.105.3 to verify compliance according to the
formula in 50.102.2 a).
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Table 105 — Tests for verifying reproducibility and linearity

Test setting A B C D E F
X-RAY TUBE VOLTAGE Lowest Highest 50 % of 80 % of 50 % of 80 % of
highest highest highest highest
X-RAY TUBE CURRENT Of Highest Lowest Giving Adjacent to
CURRENT TIME PRODUCT 1 pGy - 5 uGy setting for C and D
IRRADIATION TIME Between 0,01 s and 0,32 s for all settings
" As available with the settings defined in previous rows.

51 Prptection against hazardous output

This clpuse of the General Standard applies except as follows:

Replagement:

Protection against incorrect output is considered to ex
and 50.103.

' 29.1.104, [50.102

SECTION 9: ABNORMAL ORERA T CONDITIONS;

The claquses and subclaugés of thi ral Standard apply.

The clauses and subgls . i WS:

56 Cd

This cl

56.7 Batteries

Additidn:

56.7.101 Charging mode INTERLOCK

Every MOBILE X-RAY EQUIPMENT having an incorporated battery charger shall be provided with
means whereby powered movements and the generation of X-RADIATION by unauthorized
persons can be prevented without preventing the charging of batteries.

NOTE - An example of suitable means to comply with this requirement is the provision of a key operated switch
arranged so that powered movements and the generation of X-RADIATION are possible only when the key is present
but battery charging is also possible in the absence of the key.
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57 MAINS PARTS, components and layout

This clause of the General Standard applies except as follows:

57.10 CREEPAGE DISTANCES and AIR CLEARANCES

a) Values
Addition:
For X-RAY GENERATORS Of PERMANENTLY INSTALLED X-RAY EQUIPMENT the values of table XVI of
the Gereral-Standardfer—the—instatior—-A—at—anrd—Aa2—efctASS+HEQUPMENTFaPP4Hp to a

referernce voltage of 660 V in a.c. r.m.s. or 800 V d.c.

For higher reference voltages, the CREEPAGE DISTANCES and AIR CLEARA

— shall be not less than those for 660 V a.c. r.m.s. and 800
General Standard, and

— sha]l comply with the requirements according to 20.3 0
strength for

Refgrence voltages Test voltages

660V < U< 1000V

1000V <U< 10000V

The di
in 20.4

NOTE -
that the
stateme
admissi

of the

tandard on diglectric

vironmental conditions as described

ently installed PROTECTIVE EARTH CONDUCTOR it is pssumed
protective earth connection. For the same reason there is a
these circumstances a higher EARTH LEAKAGE CURRENT is
E DISTANCES and AIR CLEARANCES in IEC 60664-1.
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X - RAY
GENERATOR

RADIATION DETECTOR

PROTECTIVE BARRIER
IEC 289/98

Recommended arrangement for measuring AIR KERMA
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