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0 FOREWORD

0.1 This Pakistan Standard was adopted by the authoq@o the Board of Directors
of Pakistan Standards and Quality Control oMty (PSQCA), kl.t,er the draft

prepared by the Technical Committee for ”Electro%ﬁ Equipment
(ESTC — 14)” had been approved @ \c@ed byd@ ational Standards
Committee for Electronics on 1-20

23 S
0.2 This Pakistan Standar{ PS: | C@f‘ZG%J@ was adopted in the year 1998
based on IEC 6 -1994&”M dica gnostic X-ray equipment - Radiation

conditions for\use i ation of characteristics”. Since IEC has
revise&th\# standard’ i 05, hence it deemed necessary to revise this
Stan

Pa dard als\ @ C basis.

0.3 This Standar, \)aces the previous Standard adopted in 1998. This Standard

constltute@a technlcal revision.

0.4 This Standard includes the following significant technical changes with

respect to the previous edition:

a) Introduction of “practical peak voltage” for measuring X-ray tube
voltage;

b) Introduction of a new procedure for establishing the radiation
qualities;

c) Inserting of an informative Annex B “Determination of the
amount of additional filtration” and a normative Annex C
“Measurement of the practical peak voltage”;

d) Revision of radiation qualities and radiation conditions;



e) Addition of term definitions.

This Standard is an adoption of IEC Publication 61267-2005 “Medical
diagnostic X-ray equipment - Radiation conditions for use in the
determination of characteristics” (15t Revision).

0.5 This Standard has been prepared and finalized after taking into consideration

the view and suggestions put forward by the representative section of
technologists, manufacturers and utilizing agencies.

0.6 This Standard is subject to periodical review in order to keep pace with the

0.7

changing requirements and latest developments in t industry. Any
suggestion for improvement will be recorded and pIaQ%(Qoefore the revising
committee in due course. < Q

This Standard covers the technica!)éqws%ns and it %@Q purport to

include all the necessary provision( onﬂra@
o}
< S
(e oV
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INTRODUCTION

To establish characteristics, aspects or properties of ASSOCIATED EQUIPMENT or to have
available RADIATION BEAMS for physical and medical investigations, sets of well-defined
RADIATION CONDITIONS can offer an important tool in many situations.

From a regulation and standardization point of view there is a need:

— to have available well-defined RADIATION CONDITIONS that can be used internationally to
specify standards of operation of X-RAY EQUIPMENT;

— to provide a basis for the harmonization of existing national standards;

— to provide uniform sets of RADIATION CONDITIONS (a dictionary of RADIATION CONDITIONS) to
describe and judge the performance of X-RAY EQUIPMENT for the benefit of
MANUFACTURERS, USERS, PATIENTS and health protection authorities; 6

- to solve communication problems between MANUFACTURERS, L@s eand regulatory
authorities, stemming from a lack of internationally accepted defipi and test methods.

From an application point of view, commonly accepted Set3§®1ATION CONDITION@&HId in

general find use in: ((\
- installation and ACCEPTANCE TESTS; e@’ 6@‘

- QUALITY CONTROL tests by MANUFACTURERS;

- calibration of test instrumentation \

- type approval tests (where req&red); 5\ 0
itie

_ inspection and test y@&lator uthor@&festing institutes;

- physical and m{Ical tudies ysical ratories and medical facilities;
- determina{'ﬂ\\of

haracteristics OQ(&OCIATED EQUIPMENT.
Standard RADIXTION CONDITIONS{&N beviefit a number of potential users, such as:

- MANUFACTURERS © EQUIPMENT;

- MANUFACTURER() -ray test instrumentation;

- research laboratories;

- testing institutes;

- USERS;

- government regulatory authorities;

- service organizations;

- standardization organizations.

Some provisions and statements in the body of this International Standard require additional
information. Such information is presented in Annex A called "Rationale". An asterisk in the

left-hand margin of a clause or subclause indicates the presence of such additional
information.
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In this standard the X-RAY TUBE VOLTAGE is measured as the PRACTICAL PEAK VOLTAGE. The
rationale behind using this quantity is given in Annex C. A description of how the quantity
PRACTICAL PEAK VOLTAGE is measured is given in Annex C.

In the development of this edition of this standard efforts were made to set up procedures that
give a high degree of equivalence of standard RADIATION QUALITIES realized on different X-ray
machines. In the first edition the RADIATION QUALITIES were established by adjusting, within
given limits the X-RAY TUBE VOLTAGE to such a value that the required HALF-VALUE LAYER was
achieved. Depending on the total INHERENT FILTRATION an X-RAY TUBE VOLTAGE had to be
selected which could differ from the nominal value by as much as *5 %. If the INHERENT
FILTRATION of the X-RAY TUBE was relatively strong this could be compensated by choosing a
lower X-RAY TUBE VOLTAGe and vice versa. For the example of a radiation quality with a
nominal X-RAY TUBE VOLTAGE of 100 kV this procedure meant that the tube voltage could be
set as low as 95 kV for a moderately filtered RADIATION QUALITY and as high as 105 kV for a
heavily filtered X-RAY TUBE. These two RADIATION QUALITIES were considered t@e equivalent

as long as they both had the required HALF-VALUE LAYER. 6

This solution was not considered to be an ideal one. However, %) the lack of a syitable
and agreed definition of what is usually termed peak volta alternative was Mable.
With the arrival of the PRACTICAL PEAK VOLTAGE the situation changed: With antity it
is possible by means of an electrical measureme set t tube volﬂ& the x-ray
generator in question with any arbitrary shape o ue th diograph taken
with a tube connected to this generator has t l?&e low cont radiograph taken
with the same x-ray tube connected to onsta ntla @erator operating at the

'‘correct’ voltage.

Given the possibility of set' the t tage generator to the 'correct' value,
irrespective of the shape §f t r|ppl ecom cult to justify the deliberate selection of
a 'wrong' tube voltage to compen orab or an above average filtration of the x-ray
tube. The proce ﬁby which th rad tion qualities are realized in this second edition,
consists of se tig'g he“X-RAY TUBE V to the 'correct' value and determining the amount
of filtration ré d to produce %uwed HALF-VALUE LAYER. The nature of this process
implies that there is a certain um total INHERENT FILTRATION beyond which a given X-RAY
TUBE may no longer be o] produce a given RADIATION QUALITY. This is not new in
principle, but it |s e pressed in this edition. In order not to exclude what are
considered as stan X RAY TUBES, the HALF-VALUE LAYERS of some of the RADIATION
QUALITIES have been increased. The new HALF-VALUE LAYERS have been chosen in such a way
that it is possible to establish all RADIATION QUALITIES in this standard with an X-RAY TUBE with
2,5 mm Al hardening-equivalent filtration and with ANODE ANGLES down to 9°.

The procedure to be followed according to this edition for producing the RADIATION QUALITIES
of the RQR series does require a certain amount of additional effort. This additional effort is
largely compensated when the more heavily filtered radiation qualities are realized. The great
advantage of the new method lies in a much higher degree of equivalence of a given
RADIATION QUALITY with X-RAY TUBES having different INHERENT FILTRATIONS.
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MEDICAL DIAGNOSTIC X-RAY EQUIPMENT -
RADIATION CONDITIONS FOR USE IN THE
DETERMINATION OF CHARACTERISTICS

1 Scope and object

This International Standard applies to test procedures which, for the determination of
characteristics of systems or components of medical diagnostic X-RAY EQUIPMENT, require
well-defined RADIATION CONDITIONS.

Except for mammography, this standard does not apply to conditions where discontinuities in
radiation absorption of elements are deliberately used to modify properties o@e RADIATION
BEAM (for example by rare earth filters). 6

RADIATION CONDITIONS as used for screen-film sensitometry are nc‘ @red in this standard.

NOTE Screen-film sensitometry is the subject of the ISO 9236 serles Q ((\ Q

This standard deals with methods for generati AgAHON EA% with R@QION CONDITIONS
which can be used under test conditio éﬁmall in st laboratories or in
manufacturing facilities for the determlnaﬁﬁ f chara I’IS’[IC&) dical diagnostic X-RAY
EQUIPMENT.

Examples of such RADIATIOVQ LITIES are R DIAT %S emerging through the filtration
from the X-RAY SOURCE AX‘ BLY TION ONS represent the more general case,
where SCATTERED RAD|ATIO emer om an SURFACE of a PATIENT or a PHANTOM. This

requires a well R\ geometrical arr ment.

The most complete specificatio o\R(;ATION FIELDS is given by the spectral distribution of the
photon fluence. Since the rement of X-RAY SPECTRA is a demanding task, this standard
expresses RADIATION Q in terms of the X-RAY TUBE VOLTAGE, the first and second HALF-
VALUE LAYER. In the RADIATION CONDITIONS, specifications are performed additionally in
terms of PHANTOM pro ertles and geometry.

The attempt to characterize a spectral distribution just by means of the X-RAY TUBE VOLTAGE,
the first and possibly the second HALF-VALUE LAYER is thus a compromise between the
mutually conflicting requirements of avoiding excessive efforts for establishing a RADIATION
QUALITY and of the complete absence of any ambiguity in the definition of a RADIATION
QUALITY. Due to differences in the design and the age of X-RAY TUBES in terms of anode angle,
anode roughening and INHERENT FILTRATION, two RADIATION QUALITIES produced at a given X-
RAY TUBE VOLTAGE having the same first HALF-VALUE LAYER can still have quite different
spectral distributions. Given the inherent ambiguity in the characterization of RADIATION
QUALITY, it is essential that further tolerances introduced by allowing certain ranges of values,
e.g. for X-RAY TUBE VOLTAGE and first HALF-VALUE LAYER, must be sufficiently small not to
jeopardise the underlying objective of this standard. This standard is to ensure that
measurements of the properties of medical diagnostic equipment should produce consistent
results if RADIATION QUALITIES or RADIATION CONDITIONS in compliance with this standard are
used.
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To achieve this objective, certain degrees of freedom in the way in which a RADIATION
CONDITION could be established in the framework of the first edition of this standard have been
removed. The essential restriction introduced in this second edition is that the X-RAY TUBE
VOLTAGE is measured and set to its 'correct' value. The second step is to attempt to establish
the prescribed first HALF-VALUE LAYER by adding into the beam the necessary amount of
ADDITIONAL FILTRATION. If the INHERENT FILTRATION provided by the X-RAY TUBE alone is so
strong that the HALF-VALUE LAYER of the RADIATION BEAM emerging from the X-RAY TUBE
ASSEMBLY as such is larger than that to be established, the X-RAY TUBE ASSEMBLY used is not
suited for producing the desired RADIATION CONDITION. This may occur if the anode angle of
the X-RAY TUBE ASSEMBLY is too small and/or in the case of excessive anode roughening due
to tube ageing.

In the approach outlined in the two preceding paragraphs the X-RAY TUBE VOLTAGE plays a
decisive role. It is therefore essential that the ‘correct’ X-ray tube voltage is chosen
irrespective of the type of high voltage generator connected to the X-RAY TU The way in
which this is realized in this standard is by measuring the X-RAY TUBE terms of the
PRACTICAL PEAK VOLTAGE. This quantity is a weighted mean of all valéSf the X-RAY TUBE
VOLTAGE occurring during an exposure. The weighting is done | way that identical
values of the PRACTICAL PEAK VOLTAGE give identical values %} ow level contr on a
radiograph irrespective of the waveform supplied by the gen@

Although the PRACTICAL PEAK VOLTAGE can b Ge\gur d @n-inva i @ the level of
uncertainty required in this standard demands M& se of ||:§‘ ive te niqﬁs. The design and
age of the X-RAY TUBE ASSEMBLY |anuen% esult mvg Mmeasurements. When
PRACTICAL PEAK VOLTAGE is measured i ver, be desi age have no influence on
the result of such a measurement ‘ Q

In the framework of wha s@nysm a5|ble ences in tube design and ageing are
taken into account by adding the a riate a t of ADDITIONAL FILTRATION.
In Annex C fﬂ%\\xplanatlons wﬂh@to the PRACTICAL PEAK VOLTAGE are given.

free of SCATTERED RADI QR, RQA, RQC, RQT, RQR-M and RQA-M) and, for PATIENT
simulation, RADIATIO DITIONS containing SCATTERED RADIATION (RQN, RQB, RQN-M and
RQB-M).

This standard describes b@ ary RADIATION QUALITIES, which to a good approximation are

It is crucial to be aware that in the presence of SCATTERED RADIATION the characteristics of X-
radiation in terms of fractions of AIR KERMA associated with the PRIMARY RADIATION and the
SCATTERED RADIATION depend on the position and nature of any ADDED FILTER or PHANTOM. It is
therefore obvious that AIR KERMA measurements in such RADIATION BEAMS need careful
consideration.

Clauses 5 to 9 deal with RADIATION CONDITIONS which are essentially free of SCATTERED
RADIATION. Due to the spatial homogeneity of these RADIATION CONDITIONS, the APPLICATION
DISTANCE does not influence the RADIATION CONDITIONS to a significant extent. These RADIATION
CONDITIONS are called RADIATION QUALITIES.

e Clause 5 deals with RADIATION QUALITIES of the RADIATION BEAM emerging from the X-RAY
SOURCE ASSEMBLY. Such RADIATION QUALITIES can be used for determining ATTENUATION
properties of ASSOCIATED EQUIPMENT.

* Clause 6 deals with RADIATION QUALITIES of the RADIATION BEAM emerging from an irradiated
object, that simulates a PATIENT under the conditions that:
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— the contribution of SCATTERED RADIATION in the RADIATION BEAM is not significant;

— exact simulation of the spectral distribution of the RADIATION BEAM emerging from the
PATIENT is not a prerequisite

e Clauses 7 and 8 deal with RADIATION QUALITIES derived from those dealt with in Clause 6 in
view of special applications like automatic exposure and automatic brightness control
systems and computed tomographs. The radiation transmitted through the irradiated object
has properties similar to those of the radiation transmitted through a PATIENT under the
conditions that:

— the contribution of SCATTERED RADIATION in the RADIATION BEAM is not significant;

— exact simulation of the spectral distribution of the RADIATION BEAM emerging from the
PATIENT is not a prerequisite.

e Clauses 9 and 10 deal with RADIATION CONDITIONS where SCATTERED RADIATION is taken into
account. This is done either by limiting the amount of SCATTERED RADIATION@/ appropriate
means and/or providing specific additional information.

« Clause 9 deals with measuring arrangements primarily mtendefg comblnatlon with
RADIATION CONDITIONS RQB of Clause 10 to be used for thos urements where the
contribution of SCATTERED RADIATION to the detected mgn“ mMtimal and is @n as
NARROW BEAM CONDITION.

e Clause 10 deals with RADIATION CONDITIONS toé\é\lsed f, measurevﬁgwhere the
contribution of SCATTERED RADIATION to the defec S|gn< |gn|f|00 nd is known as
BROAD BEAM CONDITION. e

For the RADIATION QUALITIES specified |®%uses to 10 it @¥ ed that an X-RAY TUBE is
available with an anode angle of nofﬂess th t9d or x-ray tubes with smaller
anode angles it may not be po ible to reahz’é:some @ADIATION QUALITIES of Clause 5. If
some or all RADIATION QU f the R serie ot be realized with a given X-RAY TUBE
due to a too strong INH ENT ION, special provisions have been made to
establish neverthglesg\the more he vily filtered RADIATION QUALITIES in Clauses 6 to 10 which
are in prmmple{\ d &n the RADIATIO ITIES of the RQR series.

In order to make allowance f tm use of X-RAY TUBES with ANODE ANGLES down to 9°, the
HALF-VALUE LAYERS of R ON QUALITIES RQR 4 to RQR 10 have been increased with
respect to the values F@ in the first edition of this standard (1994).

Clauses 11 to 14 deal with RADIATION CONDITIONS applicable to mammography.

. Clause 11 deals with RADIATION QUALITIES of the RADIATION BEAM emerging from the X-RAY
SOURCE ASSEMBLY. Such RADIATION QUALITIES can be used for determining ATTENUATION
properties of ASSOCIATED EQUIPMENT.

+ Clause 12 deals with RADIATION QUALITIES transmitted through an irradiated object, that
simulates a PATIENT under the conditions that:

the contribution of SCATTERED RADIATION in the RADIATION BEAM is not significant;

exact simulation of the spectral distribution of the RADIATION BEAM emerging from the
PATIENT is not a prerequisite.

. CLAUSE 13 deals with RADIATION CONDITIONS to be used for studies in mammography
under NARROW BEAM CONDITION. These RADIATION CONDITIONS are achieved by applying a
special tissue-equivalent PHANTOM.
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. CLAUSE 14 deals with RADIATION CONDITIONS to be used for studies in mammography
under BROAD BEAM CONDITION. These RADIATION CONDITIONS are achieved by applying a
special tissue-equivalent PHANTOM.

The test instrumentation as required in this standard partly comprises SPECIFIC components or
a series of equivalent components out of which the most suitable should be chosen in order to
provide test conditions required to achieve prescribed test parameters. However, these
provisions in terms of hardware may not be available at USER facilities. As an example,
clinical mammography units are not suited for producing the RADIATION QUALITIES in Clauses
11 to 14 without modification. In order to adapt them the PATIENT SUPPORT needs to be
removed.

2 Normative references

The following referenced documents are indispensable for the application a s document.
For dated references, only the edition cited applies. For undated referen e latest edition
of the referenced document (including any amendments) applies. Q

IEC 61674:1997, Medical electrical equipment — Dosimeter. lonization chamb \éhd/or
semi-conductor detectors as used in X-ray diagnostic /W/nsg ((\

IEC 61676:2002, Medical electrical equipment ﬁ%smem truments ugéd for non-invasive
measurement of X-ray tube voltage in d/agnog d/o/o%

ISO 4037-1:1996, X and gamma ref‘&{e%e I d@&w for Qu}g dosemeters and doserate
meters and for determining their response a&a unctign oxphoton energy — Part 1: Radiation
characteristics and produg{ thodé\ N‘

3 Terms an@gf}\nlons \(\\,

For the purposes of this d %rﬁent, the terms and definitions given in IEC 61674 and
IEC 61676 (two of whic been repeated here for convenience) and the following

definitions apply.
O

3.1
APPLICATION DISTANCE
distance from the EFFECTIVE FOCAL SPOT to the APPLICATION PLANE

3.2

APPLICATION PLANE

plane perpendicular to the CENTRAL BEAM AXIS, where the standard RADIATION CONDITION is
defined

3.3
CENTRAL BEAM AXIS
line from the FOCAL SPOT through the centre of the DIAPHRAGM

3.4

EXIT SURFACE

<RADIOLOGY> plane or curved surface through which the RADIATION BEAM emerges from an
irradiated object
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3.5

HALF-VALUE LAYER TEST DEVICE

device, normally shaped as foil or plate, which, when applied under NARROW BEAM CONDITIONS,
attenuates AIR KERMA RATE to one half of the value that is measured without the device

3.6
HOMOGENEITY COEFFICIENT
ratio of first to second HALF-VALUE LAYER

NOTE The first HVL gives the thickness of a SPECIFIED material which reduces the AIR KERMA RATE to half the
value without this material; the second HVL gives the additional thickness to reduce the AIR KERMA RATE to a
quarter.

3.7
F:‘RACTICAL PEAK VOLTAGE
U
S WU,

weighted average of the x-RAY TUBE VOLTAGE according to (J :i—e,a\/here U is the

I
sequence of measured X-RAY TUBE VOLTAGES in kV and the wej *g ;énction W(Ui)@én by
wU,) =0 f \Q\ 20k ‘((\

w(U;) = expla W2 + b [; +c} ®‘Sfor20 lyg\ué%s kVaQ
w(U;) = dEU4+eIIU3+fEU2+gEU+h ‘56 for3§2<V< €,1OkVW|th

-8,646855*10°, b = 8,170361* 10 ,C =~ 39793*10’Qnd
d 4,310644*10° 0] , €= 6@ 9*10”’ ?(— 2,3081 , g = 1,030820*10°
h=-1 747153*10 0
for appllcatlons@@ﬂan mammogr&\’&nd
for U; < 20 kV and

wU;)=0
W(U)—exp{kEU4+/EU3ﬂ©t& +n U, +o for 20 kV < U; < 50 kV with

k =-2,142352*10°, /- 2,566291*10*, m = -1,968138*107%, n = 8,506836*10™",
0= —1,514362*10+1

for mammography

3.8

RADIATION CONDITION

description of RADIATION FIELDS by a set of electrical and geometrical parameters like X-RAY
TUBE VOLTAGE, TOTAL FILTRATION and geometrical arrangements

3.9

RADIATION QUALITY

radiation condition whereby the RADIATION FIELD includes only an insignificant amount of
SCATTERED RADIATION

NOTE This definition takes precedence over that given in IEC TR 60788.
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3.10

REFERENCE POINT

point of a RADIATION DETECTOR which, during the calibration of the DETECTOR, is brought to
coincidence with the point at which the CONVENTIONAL TRUE VALUE is specified

[IEC 61674:1997, définition 3.17, modifiée]

3.1

X-RAY TUBE VOLTAGE

potential difference applied to an X-RAY TUBE between the anode and the cathode. The unit of
this quantity is the volt (V)

[IEC 61676:2002, definition 3.25 ]

NOTE The X-RAY TUBE VOLTAGE may vary as a function of time. The PRACTICAL PEAK VOLTAGE is a weighted value
of the X-RAY TUBE VOLTAGE over a time period. 6

3.12 C'ge

REFERENCE DIRECTION 0

specified direction to which characteristics such as targetcﬁn e, radiation figld and

specifications with respect to the imaging quality of the radia@ urce are referen@@

4 Common aspects — Adjustment procedb(egl \ 6
4.1 Standard RADIATION CONDITIONS 666 \ G@
The standard RADIATION CONDITIONS e char&t&ed by chr'ér code.
They are described, as ap‘ﬂic le, | @st of:
_ the materizl\\qf\tée emitting TARGI{{'\\
- the X- UBE VOLTAGE; °* g
- a specific TOTAL FILTR ‘{« consisting of that of

- the X-ray SOU@Q embly, and

+ an added filter or phantom of specific material and thickness;
- the first half-value layer;
- homogeneity coefficient

- an application distance.
4.2 RADIATION DETECTOR

The RADIATION DETECTOR to be used for measurements of AIR KERMA or AIR KERMA RATE to
determine the attenuation curve shall comply with IEC 61674. Additionally,

— its energy dependence of response shall not exceed +3 % over the range of radiation
qualities N15 to N200 of ISO 4037-1;

— the dimensions of the entrance surface of its SENSITIVE VOLUME shall be such that it will be
fully covered by the RADIATION BEAM;

— its sensitivity shall be such that measurements can (still) be carried out, when applying
ADDED FILTERS or PHANTOMS described in this standard;

— the RADIATION DETECTOR shall be applicable for the AIR KERMA RATES involved (with and
without application of ADDED FILTERS or PHANTOMS).
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4.3 PERCENTAGE RIPPLE of the X-RAY TUBE VOLTAGE

PERCENTAGE RIPPLE of the X-RAY TUBE VOLTAGE shall not exceed 10 %, apart from the case of
mammography, where a limit of 4 % shall not be exceeded.

4.4 Anode material
Requiring tungsten as target material does not refer to pure tungsten but to a “tungsten-rich”

target material. For technological reasons, for example, alloys are used containing up to 10 %
of rhenium.

5 RAQR - RADIATION QUALITIES in RADIATION BEAMS emerging from the X-RAY
SOURCE ASSEMBLY

51 Object 666

This clause deals with RADIATION QUALITIES, which are used fQ easurements in the
h A

RADIATION BEAM as emerging from the X-RAY SOURCE ASSEMBLY DIATION QUALINGS are
for example, applied for determining characteristics of PATI PPORTS in case t TIENT
SUPPORT is situated in between the X-RAY SOURCE Ass and the PATIENT.

5.2 Characterization @' %(a\ e @
the mEtter c@\ggwen in the first column of

The standard RADIATION QUALITIES, char@ ize
Table 1, are referred to as follows: 5\ O{

0‘ RQS’% |Eci§$&¥my
where x is, accor& @jo Table 1, numbgr between 2 and 10, and y represents the year of
publication of he( on of this star@%
5.3 Description \ \
The standard RADlATl@@JQITIES RQR are described by the set of parameters given below:

— an emitting TARGET of tungsten;

— an X-RAY TUBE VOLTAGE adjusted to the values given in column 2 of Table 1;

— an adjusted TOTAL FILTRATION of the X-RAY SOURCE ASSEMBLY;

— the first HALF-VALUE LAYER as given in column 3 of Table 1.

— the HOMOGENEITY COEFFICIENT within £ 0,03 to that given in column 4 of Table 1

The method of production of RADIATION QUALITIES RQR according to the description specified
in this subclause is given in 5.4 and 5.6.
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Table 1 — Characterization of standard RADIATION QUALITIES
RQR 2 to RQR 10

Standard RADIATION X-RAY TUBE VOLTAGE First HALF-VALUE LAYER HOMOGENEITY
QUALITY " in mm of aluminium COEFFICIENT
RQR 2 40 1,42 0,81
RQR 3 50 1,78 0,76
RQR 4 60 2,19 0,74
RQR 5 70 2,58 0,71
RQR 6 80 3,01 0,69
RQR 7 90 3,48 0,68
RQR 8 100 3,97 60,68
RQR 9 120 5,00 e 0,68
RQR 10 150 6,57 ()6 0,72
5.4  X-RAY TUBE VOLTAGE adjustment QO‘ Q\l\
The X-RAY TUBE VOLTAGE shall be specified in term e PR TICAL Pi@) AGE. The X-
1,5 % or 1,5 kV

RAY TUBE VOLTAGE shall be set to the prescnbe@ Iue wﬂ% certam
(coverage factor k = 2), whatever is Iarger

5.5 ADDITIONAL FILTRATION ‘ e O\

Using the setting of the X TUBE OLTAGE med in the previous subclause, an
ATTENUATION curve shall eas yth al ATTENUATION layers. The ATTENUATION
curve shall cover at st an ATTEN ION of a fattor 6.

For all cases @pt for those of ma \S\raphy, the amount of ADDITIONAL FILTRATION required

in order to establish the fw& ALUE LAYER and to approximate the HOMOGENEITY
COEFFICIENT given in the iate tables shall be determined. If the first HALF-VALUE LAYER
of the X-RAY TUBE ASSE s’larger than the value to be obtained, the X-RAY TUBE ASSEMBLY

shall not be used for% lishing the desired RADIATION QUALITY.

An example of determining the amount of ADDITIONAL FILTRATION required is described in
Annex B.

Add the amount of ADDITIONAL FILTRATION as determined above. Verify the HALF-VALUE LAYER
with the modified filtration by means of the HALF-VALUE LAYER TEST DEVICE. The correct
standard RADIATION QUALITY is obtained, when the quotient of the measured values of AIR
KERMA oOr AIR KERMA RATE — obtained in measurements with and without the HALF-VALUE LAYER
TEST DEVICE in the RADIATION BEAM — is between 0,485 and 0,515.

NOTE Since the establishment of the correct HALF VALUE LAYER is a non-linear procedure, it may be necessary to
repeat the steps described in this subclause starting with the measurement of the ATTENUATION curve. Alternatively,
when the INDICATED VALUES of AIR KERMA or AIR KERMA RATE — obtained in measurements with and without the HALF-
VALUE LAYER TEST DEVICE in the RADIATION BEAM —are just marginally outside the range between 0,485 and 0,515
the added filtration may be varied by trial and error. If the ratio of the AIR KERMA is below 0,485, the ADDITIONAL
FILTRATION needs to be increased and vice versa. The ATTENUATION curve can be determined with a set of seven
Al-filters starting with a thickness of 0,5 mm, where the thickness increases by a factor of two from one filter to the
next until and including a filter thickness of 32 mm).
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5.6 Test equipment
5.6.1 X-RAY TUBE VOLTAGE measuring device

The X-RAY TUBE VOLTAGE shall be measured with a voltage divider connected parallel to the
X-RAY GENERATOR and the X-RAY TUBE.

NOTE Non-invasive X-RAY TUBE VOLTAGE measuring devices are not appropriate for the purposes of this standard.
5.6.2 Auxiliary filter

Auxiliary filters of thin layers of aluminium shall be available and shall be suitable for
mounting on the X-RAY SOURCE ASSEMBLY to enable the first HALF-VALUE LAYER given in Table 1
to be obtained.

The material of these layers shall be aluminium of a purity of at least 99,9 %66

To produce the nominal HALF-VALUE LAYER, as required in 5@ grder to achieve Ward

5.6.3 ATTENUATION layers

RADIATION QUALITY RQR, an ATTENUATION curve shall be m ured by means a\gkries of
aluminium ATTENUATION layers. By combining the alg)ghium ATTENUATION it shall be

possible to establish a total ATTENUATION layer thigk up ¢o @mm in ﬁ not larger than
0,5 mm. The thickness of each ATTENUATION I@@Shall be n to %’h‘in 70,01 mm.
The material of these ATTENUATION Iq<e@§all b ﬂuminiun‘%fgvurity of at least 99,9 %.

The size of the ATTENUATI N@&rs shall be T§rge rg intercept the full RADIATION BEAM
intended to be used for thgte (sef\@ e 1).

5.6.4 DIAPHRA(Q\A ’\. (h\(\\

A DIAPHRAGMgaII be available he extent of the RADIATION BEAM immediately after the
EXIT SURFACE of the ATTENUATPN layer to not more than 50 mm x 50 mm (see Figure 1).

5.6.5 RADIATION DE(E}:Q)R

See 4.2.

5.6.7 HALF-VALUE LAYER TEST DEVICES

To produce the nominal HALF-VALUE LAYER, as required in 6.3.1 in order to achieve a standard
RADIATION QUALITY RQR, a HALF-VALUE LAYER TEST DEVICE of aluminium shall be available. This
HALF-VALUE LAYER TEST DEVICE, consisting preferably of a single layer, shall have a thickness
equal to the nominal first HALF-VALUE LAYER given in the third column of Table 1 within a total
tolerance of £ 0,1 mm.

The material of these layers shall be aluminium of a purity of at least 99,9 %.

The size of the HALF-VALUE LAYER TEST DEVICE shall be large enough to intercept the full
RADIATION BEAM intended to be used for the test (see Figure 1).
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5.7 Generation and verification of the standard RADIATION QUALITIES RQR
5.71 Geometry

The RADIATION DETECTOR shall be placed with its REFERENCE POINT on the REFERENCE AXIS in
the APPLICATION PLANE. The APPLICATION PLANE shall be at a distance from the FOCAL SPOT of
not less than 550 mm or not less than twice the distance between the FOCAL SPOT and the
HALF-VALUE LAYER TEST DEVICE, whichever is the larger.

To minimize backscatter effects, only those objects required for measurement purposes shall
be placed in the volume inside the RADIATION BEAM, which is limited by the APPLICATION PLANE
and the plane normal to the RADIATION BEAM AXIS containing a point 450 mm beyond the
APPLICATION PLANE in the REFERENCE DIRECTION (see Figure 1).

5.7.2 Establishing one standard RADIATION QUALITY RQR

The steps described in 5.4 shall be carried out using the parameters @% in Table 1. As a
result of these measurements it may be necessary to mod|f<@ TAL FILTRATION by

mounting an auxiliary filter on the X-RAY SOURCE ASSEMBLY. Q\l\

The amount of ADDITIONAL FILTRATION required f ‘&stablisw’&\e%h of thteADIATION QUALITIES

RQR will not be identical for each RADIATIO TY. If fere ween the largest and

smallest value of the ADDITIONAL FILTRA é not larger than 0@, one single ADDED FILTER

with a thickness close to the arithmsti :@g(l valu Gi5 ITIONAL FILTRATION may be
BR with ngingle filter.

5.7.3 Establishing a series of RADIATION QUALITIES“R

used for establishing all RADIATQN Qu LITIES Q
6 RQA- RAD|AT§1 ‘\ALlTlE d on HANTOM made up of an aluminium
ADDED F|LT{\\ \(\\'

6.1 Object

This clause deals W|1b‘®AT|ON QUALITIES, which are used for the determination of
characteristics, whe

- measurements are made in the RADIATION BEAM emerging from the irradiated object
simulating the PATIENT;

— the amount of SCATTERED RADIATION in the detected RADIATION BEAM is not significant (low-
scatter condition);

— close simulation of the spectral distribution of the RADIATION BEAM emerging from the
PATIENT is not a prerequisite.

6.2 Characterization

The standard RADIATION QUALITIES characterized by the letter code given in the first column of
Table 2, are referred to as follows:

RQA x |IEC 61267:200y,

where x is, according to Table 2, a number between 2 and 10, and y represents the year of
publication of the revision of this standard.
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6.3 Description
6.3.1 Description of RADIATION QUALITIES RQA for a known X-RAY TUBE VOLTAGE

The standard RADIATION QUALITIES RQA are described by the following parameters:

— an emitting TARGET of tungsten;
— an X-RAY TUBE VOLTAGE identical to that of the corresponding RADIATION QUALITY RQR
— a TOTAL FILTRATION consisting of:
- the TOTAL FILTRATION realised according to Subclauses 5.4 and 5.5
+ an ADDED FILTER as described in 6.3.2 with a thickness given in column 3 of Table 2;
— the nominal first HALF-VALUE LAYER as given in column 4 of Table 2.

The method of production of RADIATION QUALITIES RQA according to the d%@p%ons specified
in this subclause is given in 6.4.

6.3.2 ADDED FILTER \)‘ Q N\~
?RADlATlON Q %

For simulating the PATIENT in order to achieve the s A 2 to
RQA 10, layers of aluminium of suitable thicknes ﬁp bt values ﬁae ADDED FILTER
given in Table 2, shall be available. The thlckn® feachrgxr layer.shal™be known to within
+0,01 mm. S G ‘

The material of these layers shall be‘lumlmu‘Q ®§pur|ty@% least 99,9 %.

The size of the layers sh% Qlar @’&ugh t@pt the full RADIATION BEAM intended to

be used for the test ure 2)!

Table@Qharacterlzatlo.n o(ggldard RADIATION QUALITIES RQA 2 to RQA 10

Standard RADIATION ’*p\ TUBE VOLTAGE ADDED FILTER Nominal first HALF-
QUALITY . . VALUE LAYER in
c> thickness of aluminium . L
thickness of aluminium

0 mm mm
RQA 2 40 4 2,2
RQA 3 50 10 3,8
RQA 4 60 16 5,4
RQA 5 70 21 6,8
RQA 6 80 26 8,2
RQA 7 90 30 9,2
RQA 8 100 34 10,1
RQA 9 120 40 11,6
RQA 10 150 45 13,3
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6.4 Generation of the standard RADIATION QUALITIES RQA

Starting from the standard RADIATION QUALITIES RQR as established according to 5.4 and 5.6,
add the filter given in column 3 of Table 2.

NOTE By establishing RADIATION QUALITIES RQA on the basis of RADIATION QUALITIES RQR the X-RAY TUBE
VOLTAGE and the TOTAL FILTRATION are adjusted in the way described. This does not leave any further degree of
freedom for adjusting the HVL. Therefore, the HVLs given in column 4 of Table 2 represent nominal values.

6.5 Alternative method for generating standard RADIATION QUALITIES RQA

RADIATION QUALITIES RQA may also be established directly by the procedures described in
Clause 5, i.e. without having previously established RADIATION QUALITIES RQR. When the
procedures described in Clause 5 are applied to the generation of RADIATION QUALITIES RQA
the HALF-VALUE LAYERS in column 4 of Table 2 are those to be established and hence no

nominal ones.
S
o2

7 RQC - RADIATION QUALITIES based on copper ADDED FI T@

7.1 Object Q\> Q\l\
This clause deals with RADIATION QUALITIES, W 'c(p\Qe u§:(@or adjuet)i@ﬁth automatic
(o3

brightness control system for fluoroscopy underrag tter fre nditio%

7.2 Characterization ‘66 O\ = 60\0

The standard RADIATION QUALITSS characteri%d by t Ie@r code given in the first column of

Table 3, are referred to as;\fo \
O
(\\* QQ%O\I’EC 61267:200y

where X is, aQording to Table 3’, o%of the numbers 3, 5, 8, and y represents the year of
publication of the revision of thi§ standard.

7.3 Description 00

The standard RADIATION QUALITIES RQC are described by the parameters given in 7.3.1.

7.31 Description
The standard RADIATION QUALITIES RQC are described in terms of:

— an emitting TARGET of tungsten;
— an X-RAY TUBE VOLTAGE identical to that of the corresponding RADIATION QUALITY RQR;
— a TOTAL FILTRATION consisting of

- the total filtration realised according to Subclauses 5.4 and 5.6;

« an ADDED FILTER of copper.

7.3.2  Added filter

For simulating the PATIENT in order to achieve the standard RADIATION QUALITIES RQC 3,
RQC 5 and RQC 8, layers of copper of suitable thicknesses to obtain the values of the ADDED
FILTER given in column 3 of Table 3, shall be available. The thickness of each filter layer shall
be known to within £0,01 mm.
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The material of these layers shall be copper of a purity of at least 99,9 %.

37—

The size of the layers shall be large enough to intercept the full RADIATION BEAM intended to
be used for the test (see Figure 2).

Table 3 — Characterization of standard RADIATION QUALITIES
RQC 3, RQC 5 and RQC 8

Standard RADIATION
QUALITY

X-RAY TUBE VOLTAGE

ADDED FILTER for RQC

Nominal first HALF-
VALUE LAYER in

L kv thickness in copper thickness of aluminium
Characterization
mm mm
RQC 3 50 0,5 4,5
RQC 5 70 1,5
RQC 8 100 2,0 C)e 11,5

7.4 Method of production RADIATION QUALITIES RQC Q

g@hthes

Standard RADIATION QUALITIES RQC shall be prod @s arti
the RADIATION QUALITIES RQA. The ADDED FILTE

given in column 3 of Table 3. The HAL

nominal ones.

‘6

If the QUALITY EQUIVALENT FIé’g«TION of the

3,5 mm aluminium, the

modifications.

NOTE The RQC@&)&UALITIES are

ILTE ickne

\\

o‘Q

R& hen re% d_by PP
LAYE en i
Qv

Q\l\

g established for
filters of thickness

‘mn 4 of Table 3 are

le 3 shall be used as such without

8 RAQT - RADIATION Q%ﬁ*&S based on copper ADDED FILTER

-RAY T E@SEMBLY lies between 1,5 mm and
Ss g&&

onI;&}nally influenced by the exact amount of Al filtration.

8.1 Object

This clause deals with RADIATION QUALITIES, which are used for the determination of
characteristics in CT applications.

8.2 Characterization

The standard RADIATION QUALITIES characterized by the letter code given in the first column of
Table 4, are referred to as follows:

RQT x IEC 61267:200y

where x is, according to Table 4, a number between 8 and 10, and y represents the year of
publication of the revision of this standard.
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8.3 Description

The standard RADIATION QUALITIES RQT are described by the parameters given in 8.3.1.

8.3.1 Description of RADIATION QUALITIES RQT for a known X-RAY TUBE VOLTAGE

The standard RADIATION QUALITIES RQT are described in terms of:

— the first HALF-VALUE LAYER;
— an emitting TARGET of tungsten;
— an X-RAY TUBE VOLTAGE identical to that of the corresponding RADIATION QUALITY RQR;
— a TOTAL FILTRATION consisting of

« the TOTAL FILTRATION realised according to Subclause 5.4 and 5.6; 6
e an ADDED FILTER of copper. 66

For simulating the PATIENT in order to achieve the S(QdaQRADlATION QUA QQT 8 to

RQT 10, layers of copper of suitable thicknesses to n the@lues of€®| st HALF-VALUE
LAYER given in column 4 of Table 4, shall be av% Ie \

8.3.2 ADDED FILTER

e0 GO o
The material of these layers shall be coe&of a pyrity of at Iea@\ 9 %.
O

The size of the layers shall be arge enough&o inter, pt ¥e fuII RADIATION BEAM intended to
be used for the test (see E«gl@ O\'

(T{\bh;d Characterlzﬁn of standard RADIATION QUALITIES

T 9 and RQT 10

Standard RADIATION

e

AY TUBE VOLTAGE

Nominal ADDED FILTER
for RQT

First HALF-VALUE LAYER
in thickness of

QUALITY c KV thickness in copper aluminium
Characterization 0
mm mm
RQT 8 100 0,2 6,9
RQT 9 120 0,25 8,4
RQT 10 150 0,3 10,1

8.4 Method of production RADIATION QUALITIES RQT

Standard RADIATION QUALITIES RQT shall be produced starting with the set up established for
the RADIATION QUALITIES RQR. The ADDED FILTER of the thickness given in column 3 of Table 4
is then introduced into the beam. This results in the nominal HALF-VALUE LAYER are given in
column 4 of table 5.

NOTE By establishing RADIATION QUALITIES RQA on the basis of RADIATION QUALITIES RQR the X-RAY TUBE
VOLTAGE and the TOTAL FILTRATION are adjusted in the way described. This does not leave any further degree of
freedom for adjusting the HVL. Therefore, the HVLs given in column 4 of Table 2 represent nominal values.
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8.5 Alternative method for generating standard RADIATION QUALITIES RQT

Standard RADIATION QUALITIES RQT may also be established directly, i.e. without having
previously established standard RADIATION QUALITIES RQR. It is recommended to produce
RADIATION QUALITIES RQT directly, i.e. without RQR radiation qualities, by means of a 'trial and
error' method. Add the amount of ADDITIONAL FILTRATION of copper given in column 3 of
Table 4. Verify the HALF-VALUE LAYER obtained in this way by means of the HALF-VALUE LAYER
TEST DEVICE described in 8.6 (see below). The correct standard RADIATION QUALITY RQT is
obtained, when the quotient of the measured values of AIR KERMA or AIR KERMA RATE —
obtained in measurements with and without the HALF-VALUE LAYER TEST DEVICE in the
RADIATION BEAM — is between 0,485 and 0,515. If the value is less than 0,485 the thickness of
the added copper filter needs to be increased; if it is larger than 0,515 the thickness needs to
be decreased. After having modified the thickness of the copper filter a new HALF-VALUE LAYER
measurement should be made. Repeat this procedure until a ratio of the AIR KERMA or AIR
KERMA RATE with and without the test device between 0,485 and 0,515 is achle ed. When the
standard RADIATION QUALITIES RQT are produced by the method described is subclause
the HALF-VALUE LAYERS in column 4 of Table 4 are those to be esta @gand hence no
nominal ones.

8.6 HALF-VALUE LAYER TEST DEVICE QO ‘
in order to a

To produce the nominal HALF-VALUE LAYER, as require é a standard
RADIATION QUALITY RQT, a HALF-VALUE LAYER TEST EQ@ of Iu ium sh available. This
HALF-VALUE LAYER TEST DEVICE, consisting pref ﬁly of a le lay have a thickness
equal to the nominal first HALF-VALUE L ven i mn c 'I'able 4 within a total
tolerance of + 0,1 mm.

The material of these layers shall be&lummu‘ql Qa purlty@% least 99,9 %.

The size of the HALF- VAL EgYE XDEVI be large enough to intercept the full
RADIATION BEAM |nter\§d to be use i\)r the test¥see Figure 1).

9 StandarQRAnlATmN CONDf\O% RQN

9.1 Object OQA

This clause deals wWith RADIATION CONDITIONS, which are used for the determination of
characteristics, when the contribution of SCATTERED RADIATION to the detected signal has to be
minimized in the results of relevant measurements (NARROW BEAM CONDITION).

NOTE A possible RQN 1, at an X-RAY TUBE VOLTAGE around 30 kV, would be applicable for mammography
studies. Because of the special conditions of such studies, this RADIATION CONDITION is dealt with in Clause 13
under the characterization of RQN-M.

9.2 Characterization

The standard RADIATION CONDITIONS characterized by the letter code RQN 2 to RQN 10 are
referred to as follows:

RQN x IEC 61267:200y

where x is a number between 2 and 10, as appropriate, and y represents the year of
publication of the revision of this standard.
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If the APPLICATION DISTANCE is xxx rather than 1 000 mm, the RADIATION CONDITION is
expressed and referred to as follows:

RQN x — xxx IEC 61267:200y
where xxx is the APPLICATION DISTANCE in millimetres.

9.3 Description

The standard RADIATION CONDITIONS RQN are related to the standard RADIATION QUALITIES
RQR 2 to RQR 10 specified in Clause 5.

After having achieved the corresponding standard RADIATION QUALITY RQR, the PHANTOM
described below is placed in the RADIATION BEAM. 66

To achieve standard RADIATION QUALITIES RQN 2 to RQN 10, a cyhn%@%?)ntamer filled with

water shall be available as a PHANTOM. \>\ \l\
Q o

% 0
o\

The container shall have:

G‘(\

— an outside diameter of 50 mm;

— a height of 200 mm £ 1 mm; 6'

— top, bottom and walls made of polye&ylmet@crylc’?)e ea@\gélng 10 mm = 2 mm thick;
and

— the interior filled with waté‘ \ \@\S

9.4 Test equipmeQ; (DlAPHRAGﬂQ

DIAPHRAGMS e available to be&\&d close to the X-RAY SOURCE ASSEMBLY as shown in

Figure 3 to li the RADIATION B at the ENTRANCE SURFACE and at the EXIT SURFACE of

SPOT, the DIAPHRAGM XIT SURFACE (500 mm from the FOCAL SPOT) shall have an
aperture not exceed|@ m in diameter.

the ADDED FILTER. The first Dﬁ RAGM shall be placed in a distance of 300 mm from the FOCAL

A third DIAPHRAGM with an aperture of 11 mm in diameter shall be placed at a distance of
550 mm from the FOCAL SPOT, so that the total RADIATION BEAM is adjusted to a diameter of
20 mm = 2 mm at the APPLICATION DISTANCE.

The DIAPHRAGMS shall be made of lead of a minimum thickness of 5 mm.

NOTE If the DIAPHRAGMS are large enough (> 275 mm x 275 mm or > 390 mm in diameter), the phantom (added
filter) shown in Figure 4 can be used instead of the added filter in Figure 3.

9.5 Generation of the standard RADIATION CONDITIONS RQN

To establish conditions for the generation of standard RADIATION CONDITIONS RQN, the full
procedure by which the corresponding RQR is established is carried out. Having established
the RQR RADIATION QUALITY, the PHANTOM specified in 9.3 shall be placed so that its ENTRANCE
SURFACE is between 200 mm and 300 mm from the FOCAL SPOT.

The DIAPHRAGMS mentioned in 9.4 shall be placed according to Figure 3.
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10 Standard RADIATION CONDITIONS RQB

10.1 Object

This clause deals with RADIATION CONDITIONS, which are used for the determination of
characteristics, when the contribution of SCATTERED RADIATION to the detected signal is
significant in the results of relevant measurements (BROAD BEAM CONDITION).

NOTE A possible RQB 1, at an X-RAY TUBE VOLTAGE around 30 kV, would be applicable for mammography
studies. Because of the special conditions of such studies, this RADIATION CONDITION is dealt with in Clause 14
under the characterization of RQB-M.

10.2 Characterization

The standard RADIATION CONDITIONS characterized by the letter code RQB 2 %RQB 10 are
referred to as follows:

RQB x IEC 61267:200y ‘ Q

where x is a number between 2 and 10, as appr%ateQand y represen {(\hQ ear of

publication of the revision of this standard.

If the APPLICATION DISTANCE is xxx rathe t@h (ém
expressed and referred to as follows: 66

6 DIATION CONDITION is
QBx—xxx’\E 61 7:&

where x is a numberqetw%en 2 ar@\Q as a jate, and xxx is the APPLICATION DISTANCE

in millimetres g\(\\

The standard RADIATION @élTlONs RQB are related to the standard RADIATION QUALITIES
RQR 2 to RQR 10 sp&@ in"Clause 5.

10.3 Descri on

After having achieved the corresponding standard RADIATION QUALITY RQR, the PHANTOM
described below is placed in the RADIATION BEAM.

To achieve standard RADIATION CONDITIONS RQB 2 to RQB 10, the PHANTOM to be used shall
be a water-filled container.

The container shall have:

— sides of outside dimensions of 300 mm = 1 mm and height 200 mm + 1 mm;

— top, bottom and walls made of polymethylmethacrylate, each being 10 mm £ 2 mm thick;
and

- the interior filled with water.

10.4 Test equipment (DIAPHRAGMS)

DIAPHRAGMS shall be available to be placed close to the X-RAY SOURCE ASSEMBLY and close to
the ENTRANCE SURFACE of the PHANTOM as shown in Figure 4, and to limit the RADIATION BEAM
so that the total RADIATION BEAM is adjusted to 275 mm x 275 mm in the plane of the EXIT
SURFACE of the PHANTOM.

The DIAPHRAGM shall be made of lead of a minimum thickness of 5 mm.
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10.5 Generation of the standard RADIATION CONDITIONS RQB
To establish conditions for the generation of standard RADIATION CONDITIONS RQB, the full
procedure by which the corresponding RQR is established is carried out. Having established

the RQR RADIATION QUALITY, the EXIT SURFACE of the PHANTOM according to 10.3 shall be
situated at 20 mm less than the APPLICATION DISTANCE.

The DIAPHRAGMS mentioned in 10.4 shall be placed according to Figure 4.

11 Standard RADIATION CONDITION RQR-M

11.1 Object

This clause deals with RADIATION QUALITIES, which are used for the detgrmination of
characteristics in unattenuated mammography beams of X-RAY EQUIPMEN 0@ ing at X-RAY
TUBE VOLTAGES essentially below 40 kV, such as in mammography, an@n the contribution
of SCATTERED RADIATION to the detected signal has to be minimiQa(Qw e result of relevant

measurements. Q\l\
o™

The standard RADIATION QUALITIES, characterize&y the IeUa\co%’e RQR-@ are referred to as

follows: e
2 o oC
ROR-Mx RC@ 67:200xO
where x is, according to %?Qx a er bet 1‘ and 4 and y represents the year of
publication of the reviqion this s g}rd.
11.3 Descri@ﬁ\\ . g\(\\
The standard RADIATION QUA%I&S&QR-M are described in terms of:

- emitting TARGET 0 @Qdenum;
— X-RAY TUBE VOLTAGE with a PERCENTAGE RIPPLE of not more than 4 %;

11.2 Characterization \(\ Q

— TOTAL FILTRATION of 0,032 mm £ 0,002 mm molybdenum in the X-RAY SOURCE ASSEMBLY.

Table 5 — Characterization of standard RADIATION QUALITIES
RQR-M 1 to RQR-M 4

Nominal first
Standard RADIATION QUALITY X-RAY T.UBE VOLTAGE
(nominal value) HALF-VALUE LAYER
Characterization KV
in mm of aluminium
RQR-M 1 25 0,28
RQR-M 2 28 0,31
RQR-M 3 30 0,33

RQR-M 4 35 0,36
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11.4 Generation of the standard radiation qualities RQR-M

The nominal X-RAY TUBE VOLTAGE shall be selected and the first aluminium HALF-VALUE LAYER
shall be measured using a HALF-VALUE LAYER TEST DEVICE. The value determined
experimentally should be within + 0,02 of the value given in column 3 of Table 5.

12 Standard RADIATION CONDITION RQA-M

12.1 Object

This clause deals with RADIATION QUALITIES, which are used for the determination of
characteristics, when:

- measurements are made in the RADIATION BEAM emerging from the |r§|ated object
simulating the PATIENT;

— the amount of SCATTERED RADIATION in the detected RADIATION BEA %bt significant (low-
scatter condition);

— close simulation of the spectral distribution of the RA@\&% BEAM emergmgQ\bﬂ the

PATIENT is not a prerequisite. \<\ ((\
O
12.2 Characterization G a\ e C)

The standard RADIATION QUALITIES, char %% {the tter @%A-M, are referred to as

follows:

,\ O\ RQAO-VQX IEC 61 Oy

where x is, accoi'ggo Table 6, @ numper between 1 and 4, and y represents the year of

publication of the\( on of this star&&
< \

12.3 Descrlptlon ﬁ
The standard RADIATI h@% ION RQA-M is described in terms of:

— emitting TARGET of molybdenum;

— X-RAY TUBE VOLTAGE with a PERCENTAGE RIPPLE of not more than 4 %;

— TOTAL FILTRATION of 0,032 mm % 0,002 mm molybdenum in the X-RAY SOURCE ASSEMBLY;
— ADDED FILTER of 2 mm + 0,01 mm aluminium.

Table 6 — Characterization of standard RADIATION QUALITIES
RQA-M 1 to RQA-M 4

Standard RADIATION X-RAY TUBE VOLTAGE . Nominal first HALE-
QUALITY (nominal value) ADDE::::}:;’:;: mm VALUE LAYER
Characterization kV mm aluminium
RQA-M 1 25 2 0,56
RQA-M 2 28 2 0,60
RQA-M 3 30 2 0,62
RQA-M 4 35 2 0,68
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12.4 Generation of the standard RADIATION CONDITION RQA-M
After having established the RQR-M RADIATION QUALITY the ADDED FILTER shall be placed so
that its ENTRANCE SURFACE is between 200 mm and 300 mm from the FOCAL SPOT.

13 Standard RADIATION CONDITIONS RQN-M

13.1 Object

This clause deals with a RADIATION CONDITION, which is used for the determination of
characteristics of X-RAY EQUIPMENT operating at X-RAY TUBE VOLTAGES essentially below
40 kV, such as in mammography, and when the contribution of SCATTERED RADIATION to the
detected signal has to be minimized in the result of relevant measurements (NARROW BEAM

CONDITION).
S
66

13.2 Characterization

The standard RADIATION CONDITIONS, characterized by the lett \gﬁdQQQN M, are refggred to

as follows: Q
RQN-M x IEC 612@ O((\
where x is, according to Table 7, a numt%r@e‘&een @ a@@'represents the year of

publication of the revision of this standa@

13.3 Description
The standard RADIAT{'CO DITlON@Qﬂ M ar cribed in terms of:
- emitting TAP@ \<\\'

-  X-RAY TUBQ/OLTAGE with a PEN)E%AGE RIPPLE of not more than 4 %;
— TOTAL FILTRATION of 0 @&1 1+ 0,002 mm molybdenum in the X-RAY SOURCE ASSEMBLY;

— PHANTOM.

olybdenum;

Table 7 — Characterization of standard RADIATION CONDITIONS
RQN-M 1 to RQN-M 4

Standard RADIATION Nominal first HALF-
QUALITY X-RAY TUBE VOLTAGE VALUE LAYER
(nominal value) in kV
Characterization in mm aluminium
RQN-M 1 25 0,37
RQN-M 2 28 0,61
RQN-M 3 30 0,63
RQN-M 4 35 0,70

For simulating the PATIENT in order to achieve the standard RADIATION CONDITION RQN-M, a
PHANTOM shall be available, and is of a thickness of 45 mm.

The outer dimensions of the PHANTOM shall be:

- length: 120 mm + 1 mm;
- width: 80 mm £ 1 mm;
- height: 45 mm + 0,5 mm.
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The phantom material shall be polymethylmethacrylate (PMMA).

13.4 Test equipment (DIAPHRAGMS)

DIAPHRAGMS shall be available to be placed close to the X-RAY SOURCE ASSEMBLY as shown in
Figure 5, to limit the RADIATION BEAM at the ENTRANCE SURFACE and at the EXIT SURFACE of the
PHANTOM.

The second DIAPHRAGM shall limit the RADIATION BEAM to a diameter of 20 mm in the
APPLICATION PLANE.

The DIAPHRAGMS shall be made of lead of a minimum thickness of 1 mm.

13.5 Generation of the standard RADIATION CONDITIONS RQN-M

Starting from the configuration appropriate to the RQR-M RADIATION the PHANTOM
shall be placed so that its ENTRANCE SURFACE is between 200 mm ar@ mm from the FOCAL
SPOT. \ E

The DIAPHRAGMS shall be placed according to Figure 5\(\ 0((\ Q

G

<
14 Standard RADIATION CONDITION RQB \ r&\
S E Q\G@
14.1 Object ‘ e

This clause deals with TION ONDITION, Q used for the determination of
characteristics of X-RAY XQ @) ratin -RAY TUBE VOLTAGES essentially below
40 kV, such as in mography& when the “contribution of SCATTERED RADIATION to the
detected S|gnal<\ gn icant in the res &Lrelevant measurements (BROAD BEAM CONDITION).

14.2 Chara%rlzatlon

The standard RADIATIOV\@@ION characterized by the letter code RQB-M, is referred to as
follows:

RQB-M x IEC 61267:200y

where x is, according to Table 8, a number between 1 and 4, and y represents the year of
publication of the revision of this standard.

14.3 Description
The standard RADIATION CONDITIONS RQB-M are described in terms of:

— emitting TARGET of molybdenum;
— X-RAY TUBE VOLTAGE with a PERCENTAGE RIPPLE of not more than 4 %;
— TOTAL FILTRATION of 0,032 mm % 0,002 mm molybdenum in the X-RAY SOURCE ASSEMBLY;

— PHANTOM.
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Table 8 — Characterization of standard RADIATION CONDITIONS
RQB-M 1 to RQB-M 4

Standard RADIATION QUALITY X-RAY TUBE VOLTAGE

inal val in kV
Characterization (nominal value) in

RQB-M 1 25
RQB-M 2 28
RQB-M 3 30
RQB-M 4 35

For simulating the PATIENT in order to achieve the standard RADIATION CONDITIONS RQB-M, a
PHANTOM shall be available, which simulates breast tissue of a mean composition of 50 %
adipose and 50 % glandular tissue and is of a thickness of 45 mm.

The outer dimensions of the PHANTOM shall be:

- length: 120 mm £ 1 mm; Q\>‘ Q Q\ls

- width : 80 mm £ 1 mm; \(\

- height: 45 mm = 0,5 mm. \CJ
@mA)-O\Q@'
14.4 Test equipment (DIAPHRAGM)‘ 5\ O\ Q%

The PHANTOM shall be made of ponmethyI%e@a@ylate
A DIAPHRAGM shall be ava%t@ﬁmitinb e RADIATY AM, so that the latter:

- covers the tot\ RANCE SURFACE of ¢he PHANTOM;

— exceeds aI EXIT SURFACE% e PHANTOM for about 10 mm at the three sides
different m the side corret() ing to the chest wall side during a normal PATIENT
examination.

The overlap at the si%@%sponding to the chest wall side shall be as small as possible.

14.5 Generation of the standard RADIATION CONDITIONS RQB-M

Establish the standard RADIATION QUALITIES RQR-M according to Subclause 11.4.

The PHANTOM shall be placed so that its EXIT SURFACE is at a distance of 10 mm from the
APPLICATION PLANE in the REFERENCE DIRECTION. The APPLICATION DISTANCE shall be 600 mm.

The DIAPHRAGM shall be placed to fulfil the requirements of 14.4, and shall be placed
according to Figure 6.
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Focal spot @

A A
Auxiliary filter o | 200 mm
-.{ \I to

Halve value layer
test device

Diaphragm

Reference point

Application plane

Radiation detector

E

IEC 1995/05

Figure 1 — Measuring arrangement for achieving standard RADIATION QUALITIES
RQR 2 to RQR 10
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Focal spot <Z_>7

,’, »
L T ]
Auxiliary fIRer ez I | 200 mm
to
300 mm
Diaphragm ?@’
Added filter ' ' "

Halve value layer
test device

Diaphragm

Reference point

Application plane

Radiation detector

>450 mm

¥

IEC 1996/05

Figure 2 — Measuring arrangement for achieving standard RADIATION QUALITIES
RQA 2 to RQA 10
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Focal spot

Auxiliary fiIlter stz % 1

Diaphragm

Added filter

Diaphragm

Diaphragm

>450 mm

hd

Application plane

IEC 1997/05

Figure 3 — Measuring arrangement for applying RADIATION CONDITIONS
RQN 2 to RQN 10
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Focal spot

Auxiliary filter

Diaphragm

1 000 mm
Diaphragm ... o ——................cooocooenersesnssesse | - -« ,
L 3
300 mm

Added filter

¥
Application plane

275 mm
- e IEC 1998/05

Figure 4 — Measuring arrangement for applying RADIATION CONDITIONS
RQB 2 to RQB 10
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Focal spot

Auxiliary filter

Diaphragm

Added filter

Application plane b4

IEC 1999/05

Figure 5 — Measuring arrangement for applying radiation condition RQN-M
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Focal spot m
1

Auxiliary filter

Diaphragm

Chest wall side

IEC 2000/05

For clinical machines the whole arrangement (filter, diaphragm and application plane) has to
be tilt up to 10° in order to achieve the symmetrical conditions shown in this figure.

Figure 6 — Measuring arrangement for applying radiation condition RQB-M
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Annex A
(informative)

Rationale

Concerning 1.1 Scope

The term RADIATION CONDITION refers to a description of RADIATION FIELDS and should not be
confused with a description of a particular set-up for testing of equipment; see definition 3.8.

It should be noted that two similar terms are used in this standard, namely RADIATION
CONDITION and RADIATION QUALITY. The respective definitions 3.8 and 3.9 &bate that the
RADIATION QUALITY is used for RADIATION CONDITION if SCATTERED RADlAT@QoeS not play a
significant role in specifying a RADIATION FIELD.

o ©

Concerning 4.1 Standard RADIATION CONDITIONS Q ((\ Q

In the context of this standard, RADIATION C(}&TIONS ac eved bg)ADDED FILTERS or

PHANTOMS and adjustment of X-RAY TUBE V in t e Ot&e 30 kV up to 150 kV.

Because of the materials of the ADDED E r PHANT ype of application of the

RADIATION CONDITIONS (as reflected i ses p&‘ ) @ RADIATION CONDITION at
defl e@v Clauses 9 and 10, covering a

an X-RAY TUBE VOLTAGE of abogu kV |s
PHANTOM for mammograpl}\ 6§m|nat|

Concerning

5.7 Generation n};verlflcatlon of tandard RADIATION QUALITIES RQR,
6.4 Generh d verification &tandard RADIATION QUALITIES RQA,
9.5 Gener n of the standar\ggATmN CONDITION RQN and

10.5 Generation of the sta{g&d ADIATION CONDITION RQB

In 5.7, 6.4, 9.5 and 1%;-0% APPLICATION PLANE usually coincides with the ENTRANCE SURFACE
of the component, ACCESSORY or device to be tested.
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Annex B
(informative)

Determination of the amount of additional filtration

A simple way of determining the additional filtration necessary for achieving the desired
radiation quality is the following. Make a plot of the attenuation curve. Use a linear scale on
the abscissa for the attenuation layer thickness and a logarithmic scale on the ordinate for the
attenuation factor. Prepare a — preferentially transparent — rectangular template whose height
and width, both in the respective units of the diagram, are given by a factor of four and by the
first half-value layer of the standard radiation quality to be realised multiplied with (1+1/h),
respectively, where h is the HOMOGENEITY COEFFICIENT of the standard RADIATION QUALITY.
Make an auxiliary horizontal line on the template dividing it into two parts % ual size and
another vertical line at a distance from the left edge of the template co ding to the first

half-value layer. Try to position this template on the attenuation cur such a way that the
edges of the template are parallel to the axes of the diagram a &th the upper left\gpd the
point of intersection of the two auxiliary lines coincide wit iNts on the attenua@&urve

(see Figure B.1). The difference between the position pf.the ¥t edge of the tegPlat& and the
ordinate gives the amount of additional filtration r% d to tablish th tion quality
RQR.

‘

The algorithm described above has a n-zj@w%ul S Iutlo ang as the total filtration of
i ?ﬁ&

the X-ray tube is too small. If the fil rge th te cannot be positioned on
the attenuation curve in the re |red ay. In ase a ¢h between the attenuation curve
and the template can theore&y be a |ev by he left edge of the template to the
left side of the ordinate ousl [ |ng an extrapolation of the attenuation
curve to negative valu attenu on layer thKnesses. This corresponds to a removal of a
fraction of the t%\ fil t|on of the X- R%\ngRCE ASSEMBLY, a procedure which usually cannot

be carried ou A\ \ g
OF
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Kal/Kao is the quotient of the air kerma K, behind an additional aluminium layer of thickness d to the air

kerma Kyo without additional filtration.
Adjustment of additional filtration

T T

T

T T
RQR6 |

0,5

KalKa0

0,5 e'
Q9
‘ -
N "(\Q
(O N i
66 6@ 0@‘ IEC 2001/05

Figure B.1 - Detern"qn@lon ofgﬁitional f n required for adjusting
cribe e (see 5.5)

the total fil{ratio to th&p

3,01
1
4

*
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Annex C
(normative)

Measurement of the PRACTICAL PEAK VOLTAGE

C.1 Introduction

The PRACTICAL PEAK VOLTAGE is based on the concept that the radiation generated by a high
voltage of any waveform produces the same AIR KERMA contrast behind a specified PHANTOM
as a radiation generated by an equivalent constant potential. The constant potential producing
the same contrast as the waveform under test is defined as PRACTICAL PEAK VOL@GE

For the determination of the PRACTICAL PEAK VOLTAGE for a specmew%/eform the X-ray
spectrum produced by an X-RAY TUBE supplied with this non-c ential has to be
calculated. Using this spectrum, the ratio of AIR KERMA behmd OM and the AIR KERMA
behind the PHANTOM plus a contrast material can then be ca% d (for the applica range

“conventional diagnostic* a PHANTOM of 10 cm PMMA ntrast materlal 0™m Al is
used). Then, in a corresponding way, a constant pot g|vm he samﬁK ERMA ratio for
the same contrast configuration can be found |s IS t% TICAL P VOLTAGE for the

given waveform. This complex procedure |s% nece
the quantity PRACTICAL PEAK VOLTAGE. (ér |cal use i
by a simplified formalism described bgl

RO ﬁf’
C.2 Simplified forméQsQ or tlﬁﬁeterw&\ of the
PRACTICA\ %K vOLTAGECY X,

For a given @g\bmty distributio, @ for the occurrence of a value of the voltage in the
interval [U; - AUI2,U; +AU/21]\¥& PRACTICAL PEAK VOLTAGE U can be directly calculated by:

O

t rect determination of
stituted for all waveforms

D p(U;) w(U;) W;
U= = (C.1)
> p(U;) tw(U;)

i=1

When U; is in units of kV, the weighting function w(U;) can be approximated with sufficient
accuracy by the following formulas:

in the voltage region of U; < 20 kV, by

w(U;) =0 (C.2)

1) Detailed information about the whole concept and the computational methods can be found in KRAMER, H-M.,
SELBACH H-J., ILES, WJ. The PRACTICAL PEAK VOLTAGE of diagnostic X-RAY generators. British Journal of
Radiology, 1998, 77, p.200-209
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in the voltage region of 20 kV <U; < 36 kV, by
w(U;) =exp{a WE+b, +c} (C.3)

where
a = - 8,646855E-03
b=+ 8,170361E-01
c=-2,327793E+01

and for the voltage region of 36 kV <U; < 150 kV, by

w(U;)=d W} +e W} +fWZ +g WU, +h S (C.4)
S
where 06
d = +4,310644E-10 \Q
e = -1,662009E-07 Q\) Q\l‘

f=+2,308190E-05

g = +1,030820E-05 _ G\(\ \ < @)
h=-1 747153Eée®' 6@ 0@'
For the definition (see Equation C‘)% r@g for Q generallzed by using integral
r

expressions instead of the s matlons wh h how. er Joes not affect the values for the
weighting function. 6

The above formulxﬁ the given valu ?%the parameters a to h are valid for the application
ranges “conv iagnostic, P‘(&e tal” and “fluoroscopic”.

A‘\

cO¥
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