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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND ROUTINE TESTING IN MEDICAL IMAGING DEPARTMENTS —

Part 2-11: Constancy tests —
Equipment for general direct radiography

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization fonsta
all pational electrotechnical committees (IEC National Committees). T F
international co-operation on all questions concerning standardization in‘the el
this| end and in addition to other activities, the IEC publishes Intern

tagdards. Thei prepar

entlusted to technical committees; any IEC National Committee{intefestad WM~the sukject dealt w

parficipate in this preparatory work. International, governmenta ertal grganizations
withh the IEC also participate in this preparation. The 8 a 8 ith the Inter
Orglanization for Standardization (ISO) in accordance with /conditi 3 it y agreement betw

two|organizations.

2) The formal decisions or agreements of the
international consensus of opinion on the
from all interested National Committees.

3) The documents produced have the form of recommengatigns fo
of standards, technical reports or guides angd they are as

4) In ¢rder to promote internatignal unificatio
Stapdards transparently tg/tha
divergence between the IES Standp
indicated in the latter.

5) The IEC provides no m
equipment declar ob

6) Attgntion is draw
of patent rights. The

Internptional
imaging equi

The tgxt 0 fane based on the following documents:
FDIS Report on voting
62B/373/FDIS 62B/385/RVD

gmprising

romote
Ids. To
htion is
th may
liaising
ational
ben the

ess, as nearly as possible, an
i€al committee has represéntation

he form

b

hational
s. Any
clearly

for any

subject

nostic
ice.

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

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A and D form an integral part of this standard.

Annexes B and C are for information only.
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This standard forms part 2-11 of IEC 61223, which will include the following parts:

Part 1: General aspects
Part 2-1: Constancy tests — Film processors

Part 2-2: Constancy tests — Radiographic cassettes and film changers — Film-screen
contact and relative sensitivity of the screen-cassette assembly

Part 2-3:  Constancy tests — Darkroom safelight conditions
Part 2-4: Constancy tests — Hard copy cameras

Part 2-5: Constancy tests — Image display devices

Part 2
Part 2

6: Constancy tests — X-ray equipment for computed tomography

7: Constancy tests — Equipment for intra-oral dental radiogra dental

panoramic equipment
Part 2
Part 2-10: Constancy tests — X-ray equipment for mammograp

9: Constancy tests — Equipment for indirect radioscopy and

Part 2-11: Constancy tests — Equipment for general direct radioyg

The gommittee has decided that this publication rema
accorglance with the committee's decision, the publi

e refonfirmed;
e withdrawn;

e replaced by a revised edition, or
e amended.

A bilirjgual version of this

9
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EVALUATION AND ROUTINE TESTING IN MEDICAL IMAGING DEPARTMENTS —

Part 2-11: Constancy tests —
Equipment for general direct radiography

1 Scope and object

1.1 cope

This gart of IEC 61223 applies to those components of X-RAY EQUIPME

— generate, influence the propagation of, and detect X-RADIATION;@nd

— process, present and store radiographic information in RA L y ONp with
diagnostic X-ray systems using RADIOGRAPHIC FILM in DIRECT\RADIO&

This g$tandard is a part of a series of Particular Publicati Y i | standards and
technical reports), which define methods of testing G eration of vprious
subsyptems of diagnostic X-RAY EQUIPMENT.

This gtandard does not apply to equjp i i such as mammographic
X-RAY| EQUIPMENT or dental X-RAY EQ NT'; all parts 2 of IEC 61P23 in
the foreword.

This standard gives methods of tests fo i of properties of diagnostic |[X-RAY
EQUIPMENT as described iy >

This part of IEC 612 i ‘ applicable to equipment for general |direct
radiography with@ji - i
1.2 Object

— the i paran hich describe or affect the performance of the jabove

— me¢thod g jhat variations in measured quantities related to those parameters
are withinfac able limits, in order to maintain adequate standards of imaging |whilst
regucing-unnecessary IRRADIATION of the PATIENT.

The methods are based upon assessments of RADIOGRAMS of appropriate TEST DEVICES.

The purpose of the methods is

— to establish a reference level of performance when such equipment is accepted,;

— to detect and verify any significant variation in performance which may require corrective
action.

Because RADIOLOGICAL INSTALLATIONS differ widely from each other, it is not possible in this
standard to specify target values and tolerances for the parameters which would be generally
applicable as criteria of acceptable performance. Guidance is given, however, as to the
degree of variation in single measurements which might require appropriate action.
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This standard does not deal with

— aspects of mechanical and electrical safety;

— checks of the effectiveness of the direct means of protection against X-RADIATION;

— optimization of imaging performance.

With regard to the measurements, reference is made to methods described in related

publications, which for practical reasons should be carried out prior to the application of the
methods described in this standard (see clause 2).

2 Nprmative references

The fpllowing normative documents contain provisions which, througk } is text,
constitute provisions of this quent
amen . e arfies to
agreements based on this Internat|onal Standard are encourag I 3 Sibility
of applying the most recent editions of the normative documents, indi » dated
referghces, the latest edition of the normative document r€ bf IEC

and 1$0 maintain registers of currently valid Internationa

IEC 6p601-1-3:1994, Medical electrical equipme équirements for lsafety
3. Cdllateral standard: General requirements F: ction in diagnostic | X-ray
equip
IEC 6
IEC 6 Part 1:
Gene
IEC 6 rt 2-1:
Const
IEC 6 rt 2-2:
Const t and
relatiy
IEC 6 rt 2-3:

Const

3 Terminology

3.1 €gTee of requirements

In this standard, certain terms (which are not printed in SMALL CAPITALS) have particular
meanings, as follows:

— "shall" indicates a requirement that is mandatory for compliance;
— "should" indicates a strong recommendation that is not mandatory for compliance;
- "may" indicates a permitted manner of complying with a requirement or of avoiding

the need to comply;

— "specific" is used to indicate definitive information stated in this standard or
referenced in other standards, usually concerning particular operating
conditions, test arrangements or values connected with compliance;
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"specified"

3.2

is used to indicate definitive information stated by the manufacturer in
accompanying documents or in other documentation relating to the
equipment under consideration, usually concerning its intended purpose, or
the parameters or conditions associated with its use or with testing to
determine compliance.

Use of terms

In this standard, terms printed in SMALL CAPITALS are used as defined in IEC 60788 or other
IEC publications; see annex A. Where a defined term is used as a qualifier in another defined
or undefined term, it is not printed in SMALL CAPITALS, unless the concept thus qualified is
defined, or recognized as a “derived term without definition”. Test specifications are in italics.

NOTE
definiti

4 G

The n
OPERA

For th
ensur
parani

In par
and p
ILLUMI

Caref

All equipment u
TEST ih order to

simult

NOTE
ACCOMH

- Attention is drawn to the fact that, in cases where the concept addressed is no
n given in one of the publications listed above, a corresponding term is printed i

eneral aspects of CONSTANCY TESTS

icular, attention shall be paid to d
roper film processing, according
NATORS special attention should &

ANYING.DOCUMENTSthey should preferably be followed.

gly confined to the

ethods for testing the constancy described in this standa N d to le the

tial to

b that they are not significantly influenced (by (anything \ n the
eters under test.

43-2-3,
e clause 2). When using FILM
\{ing conditions.

Il consideration sh8 o i iti i¢ch the
equipment is checked, ji i

TANCY

of this standard. In practice, a composite TEST DEVICE
the properties of some of the individual TEST DEVICES.
grocedures described separately in clause 5 may be perfprmed

RER provides proposals for the method and frequency of CONSTANCY TESTY in the
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General conditions affecting test procedures

The CONSTANCY TESTS described in this standard have been designed to be
reproducible, i.e., their results should be affected only by changes in the parameters under
investigation. The number of test tools and test equipment has been kept to a minimum and
restricted where possible to devices that are passive, inherently simple or reasonably stable.
It is important

easily

— to perform CONSTANCY TESTS with LOADING FACTORS which are the same as those used
most frequently in clinical practice;

— to record and reproduce all significant settings of the X-RAY EQUIPMENT and ACCESSORIES

eactrtimea testisundertakemand—to ctheck that the—same—eqguipment, tompone

ACG
- to

- to
Sté
- to
sig
NOTE -

Beforg
radiog

4.2

When
ACCES
initial
TEST i

4.3

The d

- wh
— im

pel
- to

Recor
The rg

CESSORIES are being used;

consider particularly variations in supply voltage, on the results;

use RADIOGRAPHIC FILM which is handled, processed and vie
indards and technical reports referenced in clause 2;

component of the X-RAY EQUIA
se a variation in the test res

ipment has undergone maintenance that could affe
under test;

ds of the BASELINE VALUES shall be kept until a new initial CONSTANCY TEST is perfd

s and

th the

n any

s, the

MENT,
Llt, an
TATUS
TANCY

f this

tt the

rmed.

bstdts of the CONSTANCY TESTS shall be kept at least two years.

4.4

Identification of equipment, instrumentation and test conditions

All X-RAY EQUIPMENT under test or used for testing shall be unequivocally identified.

Interchangeable components of X-RAY EQUIPMENT such as

— AD
— BE
— PA
- RA

— AN

DED FILTERS;

AM LIMITING DEVICE;

TIENT SUPPORT or other attenuating material in the RADIATION BEAM,;
DIATION DETECTOR of the AUTOMATIC CONTROL SYSTEM,;

TI-SCATTER GRID;
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together with items of test instrumentation such as

combination of RADIOGRAPHIC CASSETTE and INTENSIFYING SCREENS;

— TEST DEVICES;

— RADIOGRAPHIC FILM type and emulsion number;
— FILM PROCESSOR;

— sensitometer;

— densitometer;

and s fhngc of variahles suich as

— FOCAL SPOT TO IMAGE RECEPTOR DISTANCE;
— AUTOMATIC CONTROL SYSTEM density control and sensor position;

— LOJADING FACTORS;
— ngminal FOCAL SPOT size, if applicable;

shall be marked and/or recorded so that the items and set
TEST ¢an be used with the equipment under test.

NOTE

CONSTA
proced
stable f{
the wh

NOTE
CONSTA

RADIO
INTEN

accor
proce

4.5

The ir
variat
— RADIA t from the X-RAY SOURCE ASSEMBLY; see 5.1;
— RA W npt e/MAGE RECEPTION AREA; see 5.2;

— geometricicharacteristics; see 5.3;

— resolutien of high-contrast detail; see 5.4:

radiographic system is considered to be constant
nal parameters are found to meet applicable criteria:

ITANCY

E initial
or test
ovide a
hges of

for the

same
nown
batch
ciated

if the

PN N H i 1l ) L & il el
- vartator UuplLdadr UtTiioiy timuuyriuoutl a RAUTUGRAN, STT J.J.

The constancy of the imaging performance may be affected by variations in one or more of

the following parameters:

value and wave-form of the mains voltage;

— value and wave-form of the X-RAY TUBE VOLTAGE;

— X-RAY TUBE CURRENT;

— LOADING TIME;

— IRRADIATION TIME under AUTOMATIC EXPOSURE CONTROL;

— FILTRATION and ATTENUATION by layers in the RADIATION BEAM;
— roughening of the TARGET in the ANODE of the X-RAY TUBE;
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— distances of planes of interest from the FOCAL SPOT;

— limitation of the RADIATION BEAM;

— direction of the RADIATION BEAM;

— ali

gnment of the RADIATION BEAM with the IMAGE RECEPTION AREA;

— coincidence of the RADIATION FIELD with the field indicated by the LIGHT FIELD-INDICATOR,;

— movement of the MOVING GRID;

— positioning of the ANTI-SCATTER GRID;

— im

aging properties of the FOCAL SPOT;

- m

5 P

5.1
5.1.1

The R

METER.

CONTH

5.1.2

Measlirements are performed using

reprodg

As a
ATTEN
harde
choice

5.1.3

Place
the XA

- th
- th

are re
initial

[ EPNEN 1 talility
cTarmmocar StTaomtys

erformance tests

RADIATION output from the X- RAY SOURCE ASSEMBLY
Summary

ADIATION output from the X-RAY SOURCE ASSEMBLY j

ON METER having an ¢

ucibility of +5 % (including long- ument noise and read-out abilit

hing of the X-RAY

b of an ATTENUAT

RAY SOUR

[produced’ta_within +1 % of the FOCAL SPOT to RADIATION DETECTOR distance used
CONSTANCY TEST. The same RADIATION FIELD size shall be used.

IATION
DSURE

verall

).

|, the
N and
orrect

g from

in the

When

VET poUsSible, carry out this test under pottrmanual and AUTOMATIC EXPUOSURE CO

VTROL.

If a measurement according to 5.2.3.2 is performed, a measurement according to 5.1.3.2 may
be regarded as redundant.

5.1.3.1 Testing under manual control

Operate the X-RAY EQUIPMENT using manual settings of the LOADING FACTORS identical to those
used in the initial CONSTANCY TEST.

Record the reading of the RADIATION METER.


https://iecnorm.com/api/?name=5c1e2e868d18d235af12d37151da4370

61223-2-11 © IEC:1999(E) ~11-

5.1.3.2 Testing under AUTOMATIC EXPOSURE CONTROL

Align the X-RAY SOURCE ASSEMBLY with the X-RAY IMAGE RECEPTOR as in normal clinical
practice.

Place the ATTENUATION PHANTOM in the RADIATION BEAM between the RADIATION DETECTOR of
the RADIATION METER and the RADIATION DETECTORS of the AUTOMATIC CONTROL SYSTEM.

Position the RADIATION DETECTOR of the RADIATION METER SO as not to affect the operation of
the AUTOMATIC CONTROL SYSTEM.

NOTE —Eor every RADIATION DETECTOR, @ specific instruction has to be given as to where it has to be positioned in

order tp minimize the effect on the AUTOMATIC EXPOSURE CONTROL. If ATTENUATION PHANTOMS are used-which are
attachdd to the X-RAY SOURCE ASSEMBLY (A2 or A3), making the measurement behjnd the\pHANTOM| (if the
sensitiyity of the RADIATION DETECTOR allows it) has to be considered.

Place|an unloaded RADIOGRAPHIC CASSETTE in the CASSETTE CHANGER : e | X-RAY
EQUIPMENT in conjunction with the AUTOMATIC CONTROL SYSTEM-USIQ \S€Wings\ oiN\thé (X-RAY
TUBE |VOLTAGE identical to those used in the same
RADIOGRAPHIC CASSETTE.

Recornd the reading of the RADIATION METER. In additig RRENT
TIME ARODUCT, etc. after each IRRADIATION has been

5.1.4 | Data evaluation

Complare the measured values of RADIA

5.1.5| Criteria to be applied

5.1.5.

The R

5.1.5.

The ¢

If mai ethyl-
meth3g % to
—20 %

For h per materials, for example copper or lead, the action levels for the
RADIATIONoUtput shotld be within £25 % of the BASELINE VALUES.

When—eadTsusedwittm X"RAY TUBE VOLTAGES above 90KV theactiomtevets—appropriate to
low atomic number materials shall be applied.

5.1.6 Action to be taken

If the system fails to meet the criteria, the guidance given in annex C should be followed.

NOTE — A gradual decrease in the RADIATION output is to be expected as a result of ageing of the X-RAY TUBE. In
order to allow for this, it will be necessary from time to time to determine new BASELINE VALUES. This holds
especially for testing under manual control, whereas for AUTOMATIC EXPOSURE CONTROL a decrease in the
RADIATION output is compensated and cannot be detected.
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5.1.7 Frequency of CONSTANCY TESTS

Initially, a series of CONSTANCY TESTS should be carried out daily for at least one week in order
to establish the BASELINE VALUES by calculating the mean value of the output measurements.

Subsequently, the CONSTANCY TESTS should be repeated in a two-week cycle up to six months,
in order to obtain data regarding the reliability of the X-RAY SOURCE ASSEMBLY, HIGH-VOLTAGE
GENERATOR and AUTOMATIC CONTROL SYSTEM. Thereafter, the CONSTANCY TESTS shall be
repeated according to the INSTRUCTIONS FOR USE as provided by the MANUFACTURER. If no such
information is provided, the CONSTANCY TESTS shall be performed at least quarterly.

m
>
m
q

m
Yy

5.2 IADHATON-HPHto-He—HWAG
5.2.1 | Summary

The RADIATION input to the IMAGE RECEPTION AREA is determined 2 s [of the
optical density, recorded at specific points of a RADIOGRAM. Alternatjve R input
may be directly measured by means of a RADIATION METER.

NOTE + However a RADIATION METER takes no account of the X-RAY BEAM qU . e erefore
be prefprred.

The measurements are carried out under manua
depending upon the type and use of the X-RAY EQ

ITROL,

5.2.2 | Test equipment

-SCATTER GRID, the same dedjcated
nbination of the type normally used
ror of the optical densitometef used

This fest shall be performed using
RADIOGRAPHIC CASSETTE and associat
with the X-RAY EQUIPMENT pnder test.
shall pot be higher than *

If a RADIATION METER S

reproducibility 01@%

The ATTENUATION PH g\used as a substitute for the PATIENT. This is intenged to
provide appropri hardening of the X-rRAY BEAM. In addition, the film
markgr TEST DEVI éd in order to enable specific points in the RADIOGRAM to

all be of the integrating type with an g¢verall
bility, instrument noise and read-out ability).

be idgntifiedd@vhere xuea \{s of the optical density are to be made.
Detailged i inchuding consideration for the correct choice of the ATTENYATION
PHANTIOM anchtheMi xwKer TEST DEVICE are provided in annex D.

5.2.3 | Testyprocedutre

If the aguinmant ic nroviddad vith ALITOMATIC EXYRAGIIRE CAMTRAI  narform tha CcOMNCTANC TEST
GeHPH e H—S—PHOVH a6 ATV oT=XT oSt SN P e O HE AN

in automatic mode. Whenever possible, repeat this CONSTANCY TEST under manual control.

Align the X-RAY SOURCE ASSEMBLY with the X-RAY IMAGE RECEPTOR as in normal clinical
practice.

If a RADIOGRAPHIC CASSETTE S used, put it into its place. If a RADIATION METER iS used, place
its RADIATION DETECTOR in the IMAGE RECEPTION AREA. Place the ATTENUATION PHANTOM and the
film marker TEST DEVICE in the X-RAY BEAM between the FOCAL SPOT and the X-RAY IMAGE
RECEPTOR.
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For any item of test equipment, the measurement geometry shall be such that the distance
from the FOCAL SPOT and the position within the RADIATION FIELD are reproduced to within 1 %
of the distance from the FOCAL SPOT used in the initial CONSTANCY TEST. The same size of
RADIATION FIELD shall be used.

Select at least two X-RAY TUBE VOLTAGE settings that are identical to the settings used in the
initial CONSTANCY TEST.

a) Testing under manual control

Operate the X-RAY EQUIPMENT by using the manual settings of the LOADING FACTORS identical

t th iatha tnitiol SN CT AN N, T oT
(0] ot HHHIarCONSTFANCY—FEST

Procelss the irradiated film in accordance with the procedure referred tg

Measlre the optical density at specific points of the RADIOGRAM or
by thg RADIATION METER.

oxocedure rdferred

If necessary, adjust the measured values of density in acc@
to in 4.4 to allow for any changes in film batch or processrt

b) Teg
Opergte the X-RAY EQUIPMENT in conj jon Wi C@T/c CONTROL SYSTEM and| using
the X{RAY TUBE VOLTAGE and all other a ‘ idéentical to those used in the initial

CONSTANCY TEST.
Folloy

5.2.4 | Data evaluatio

Complare measured va Or RADIATION input with the established BABELINE
VALUES. <D

5.2.5

a) Td

The o 10,3 of the BASELINE VALUE. If a RADIATION METER is|used,
the RA +30 % of the BASELINE VALUE.

b) Tasti TIC EXPOSURE CONTROL

The gptical ydensity Should be within +0,15 of the BASELINE VALUE. If a RADIATION ME[ER is
used, [the”’ RADIATION input should be within £15 % of the BASELINE VALUE.

The above tolerances apply to RADIOGRAPHIC FILMS with an average gradient between 2 and 3.

5.2.6 Action to be taken

If the system fails to meet the criteria, the guidance given in annex C should be followed.

5.2.7 Frequency of CONSTANCY TESTS

Initially, a series of CONSTANCY TESTS should be carried out daily for at least one week in order
to establish the BASELINE VALUES by calculating the mean of the measurements of optical
densities or RADIATION input.
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Thereafter, the CONSTANCY TESTS shall be repeated according to the INSTRUCTIONS FOR USE as
provided by the MANUFACTURER. If no such information is provided, the CONSTANCY TESTS shall
be performed at least quarterly.

5.3 Geometric characteristics
5.3.1 Summary

These tests shall be performed to check the constancy of the following geometric
characteristics of the X-RAY EQUIPMENT:

—  the-indicatedFOCAL-SROTFTFOIMAGE-RECERTFORBISTANCE-
- 7

— the perpendicular position of the RADIATION BEAM AXIS to the IMAGE RECEPTOR\PLANE;
NOTE { Generally, it is sufficient to test the REFERENCE DIRECTION of the X-RAY SOURCE ASSEM W pect to

the sufface of the PATIENT SUPPORT or the ENTRANCE SURFACE of the X-RAY nge in
parallelism between these surfaces and the IMAGE RECEPTOR PLANE iS in most casé

— the coincidence of the RADIATION FIELD with the LIGHT FIELD; seg 60141-3;

— the coincidence of the RADIATION FIELD with the X-RAY MAGE { P02 of

IEC 60601-1-3;
— the read-out of the RADIATION FIELD size, where apg

5.3.2 | Test equipment

The fgllowing test equipment is requiréd:

— tape measure;
— twp cassettes with screens, of differ 24 cm x 30 cm and 35 cm x 43 cm;
— RADIOGRAPHIC FILM;
— ruler;

— spjrit level;

—  TEST DEVICE

— TEBT DEVICE for

In ordler to test t . [ EPTOR
PLANE

The alighme X nd the
unambiguou PR i

If IRRADIATIONS are~nade under AUTOMATIC EXPOSURE CONTROL, the ATTENUATION PHANTOM
shall :tlso be used as a substitute for the PATIENT in order to provide appropriate ATTENJATION
and h rdnning of the X-RAY BEAM

Detailed descriptions of the ATTENUATION PHANTOM and the TEST DEVICES for the perpendicular
position and alignment are provided in annex D.
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5.3.3 Test procedure

5.3.3.1

Step 1:

Step 2:

Indicated FOCAL SPOT TO IMAGE RECEPTOR DISTANCE

Using the indicator associated with the X-RAY EQUIPMENT, set the FOCAL SP
IMAGE RECEPTOR DISTANCE to the value used in the initial CONSTANCY TEST.

OoT TO

Measure the FOCAL SPOT TO IMAGE RECEPTOR DISTANCE using the tape measure. If

the position of the FOCAL sSPOT is not clearly indicated on the surface of the
SOURCE ASSEMBLY, make this measurement from the same point on the

X-RAY
X-RAY

SOURCE ASSEMBLY as that used in the initial CONSTANCY TEST, for example the

nearest point on the X-RAY SOURCE ASSEMBLY to the X-RAY IMAGE RECEPTOR.

5.3.3.p

Other geometric characteristics of over-couch X-RAY TUBE ASSEMBRIES With

manually adjusted, fixed or automatic BEAM LIMITING SYSTEMS

The {following test procedure describes a method of checki Il the

charagteristics listed in 5.3.1.

Step 1: Check that the PATIENT SUPPORT is horizontal v uilt-in
angulation-indicator is used, check it against the spi and adjust if necessary.
If the built-in angulation-indicator cannot be ad] eviation
If the PATIENT SUPPORT cannot be broudht to>the i position, recofd the
deviation.

Step 2:  Align the X-RAY SOURCE AS ; f he  PATIENT SUPPORT OF [IMAGE
RECEPTION AREA and adjust t ASSEMBLY Jaxis to be parallel to the long
axis of the PATIENT SUPPORT WS f and indicators available g¢n the
equipment. Select the sam JAGE RECEPTOR DISTANCE as u$ed in
the initial CONSTANCY TEST.

Step 3: Place a loaded PHIC CASSETTE (cassette "P": see fljgures
5a, 5b and 5g) i Sl TTE CHANGER as determined by the clamps.
Align the ceptre i E . ER with the X-RAY TUBE ASSEMBLY by means
of the fagilitie i g jnto position. Insert the CASSETTE CHANGHR into
the co [ AGE RECEPTOR.

Step 4: d BEAM LIMITING SYSTEM proceed directly to step 5.

m /x 30 cm RADIOGRAPHIC CASSETTE (cassette "QT: see
parallel to the PATIENT SUPPORT or X-RAY IMAGE RECEPTQR, but

een 20 cm and 30 cm closer to the X-RAY TUBE ASSEMBLY than
RPORT or X- RAY IMAGE RECEPTOR. Orient the cassette so thpt the

of the LIGHT FIELD by means of the LIGHT FIELD INDICATOR and align the edges
cassette parallel with the edges of the LIGHT FIELD.

Y and

nd record the distance from the FOCAL SPOT to cassette "Q" at the fentre

of the

NOTE — The distances from the FOCAL SPOT to the two RADIOGRAPHIC CASSETTES are different and there are more

absorbing materials in front of cassette "P",

such as the PATIENT SUPPORT and the ANTI-SCATTER GRID and the

cassette "Q". The AIR KERMA to the two cassettes may therefore differ considerably and, in an attempt to facilitate
the choice of a single set of LOADING FACTORS to provide adequate IRRADIATION of the films in both cassettes,
cassette "Q" is used in the reverse orientation to that normally employed.

If the test cannot satisfactorily be performed with a single IRRADIATION, it will be necessary to perfo
IRRADIATIONS with different LOADING FACTORS.

Step 5:

rm two

For a manually adjusted or fixed BEAM LIMITING SYSTEM, place the alignment TEST
DEVICE on the PATIENT SUPPORT or ENTRANCE SURFACE of the X-RAY IMAGE RECEPTOR.
If the PATIENT SUPPORT is curved, place a thin, flat rigid surface of low ATTENUATION
material, for example wood, across the PATIENT SUPPORT to maintain the TEST
DEVICE in a plane parallel to the X-RAY IMAGE RECEPTOR.


https://iecnorm.com/api/?name=5c1e2e868d18d235af12d37151da4370

~16 — 61223-2-11 © IEC:1999(E)

For automatically adjusted BEAM LIMITING SYSTEMS place the alignment TEST DEVICE

on the surface of cassette "Q" which is closest to the X-RAY TUBE ASSEMBLY.

The alignment TEST DEVICE incorporates the radio-opaque markings required
evaluation of the size of the RADIATION FIELD.

Step 6: Place the alignment TEST DEVICE in the centre of the LIGHT FIELD according

LIGHT FIELD INDICATOR and align the edges of the TEST DEVICE parallel to the
of the LIGHT FIELD.

in the

to the
edges

— For automatically adjusted BEAM LIMITING SYSTEMS record the size and position of
the LIGHT FIELD in relation to the markings on the external surface of the TEST

DEVICE.

— For manually aadjusted or Tixed BEAM LIMITING SYSTEMS adjust the LIGHT| FIELD
size to the small field size markings on the alignment TEST(DEVI ample
15 cm x 20 cm. Note the settings of the field size indicatg MITING
DEVICE. Record the extent of any asymmetry in the Li bne or
more edges of the LIGHT FIELD cannot be set to coin of the
field defined by the alignment TEST DEVICE.

Step ¥ Place the TEST DEVICE for the perpendicular positiorhon to ofthe t TEST
DEVICE so that the centre of the rings on the loy or the
perpendicular position coincides with the cep bn the
surface of the alignment TEST DEVICE. wn in
figures 5a and 5b.

Step 8: Make a radiographic IRRADIA j FACTORS as in the| initial

] g ] ih the range from 0,5|to 1,5

NOTE + If the IRRADIATION can only be made undeér AuTo URE CONTROL, it may also be necessary to use

the ATTENUATION PHANTOM (see 5.1.2) as a substitutg 2 in order to provide appropriate ATTENUATION

and hdrdening of the X-RAY BEAM i j j A ONTROL SYSTEM. For the placemeni of the

ATTENUATION PHANTOM, see flg es

ING SYSTEMS, process the films i both
EAM LIMITING SYSTEMS, re-adjust the LIGHT FIELD
Step 9: ! &’repeat the above procedure (steps 1 to 8) but|l using
7 OGRAPHIC CASSETTES as cassettes "P" and "Q"
NOTE + A smaller RaDISGR
larger
cm).

5.3.3.B X-RA y

The grocedures described in items 5.3.3.1 and 5.3.3.2 above are applicable to over{icouch

X-RAYLTUBE ASSEMBILIES, The same procedure may be adopted for X-RAY EQUIPMENT inlwhich

the RADIATION BEAM is directed horizontally, except that the procedures will need to be
modified as follows.

— Check that the PATIENT SUPPORT or X-RAY IMAGE RECEPTOR is in the vertical position
instead of the horizontal position, using the built-in angulation-indicator or a spirit level if
no such built-in angulation-indicator is provided.

— Provide means of supporting the TEST DEVICES in position versus the vertical surface of the

PA

TIENT SURFACE or X-RAY IMAGE RECEPTOR input surface.
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5.3.3.4 X-RAY EQUIPMENT with under-couch X- RAY TUBE ASSEMBLIES

Because there is no light field-indication available with under-couch X-RAY TUBE ASSEMBLIES, it
is not possible to perform checks on all the geometric characteristics described in 5.3.1. The
only characteristic which can be checked without using methods of considerable complexity is
the coincidence of the RADIATION FIELD with the X-RAY IMAGE RECEPTOR.

Step 1:

Check the PATIENT SUPPORT to be horizontal using the built-in angulation-indicator
or a spirit level if no built-in angulation-indicator is provided. If the PATIENT SUPPORT
is not horizontal or cannot be brought to the horizontal position, record the
deviation.

Step 2:

Step 3:

Step 4:

5.3.4

5.3.4.1
Step 1:

Step 2:

5.3.4.p

Step 1.

The under-couch X-RAY SOURCE ASSEMBLY will normally be alig
with the centre of the IMAGE RECEPTION AREA when the X-RAY |

red automatically
R R is in

TANCE
as used in the initial CONSTANCY TEST.
IMAGE
RECEPTOR can be set above the PATIENT SUPPORT.
Remove any secondary BEAM LIMITING DEVICE/betwe 5 image
receptor.
Place a loaded 24 cm x 30 cm RADIOGRAPAIC CASSEFTE centre
of the CASSETTE CHANGER as determing 9 SETTE
CHANGER into the correct ‘ P test
arrangement is shown in fig
Proceed to carry out this ed  for
automatically adjusted BEAM
Data evaluation
by the
edges
s. For
ree of

e edges of the RADIATION FIELD as determined by the
a on each of the RADIOGRAMS produced in cassette "P".
et dimensions of field size from the measured dimensionis; see

Measure the distances between the edges of the RADIATION FIELD as defined py the

Step 2:

darker irradiated area on each RADIOGRAM nrodiiced in cassette ”Q" and-the dges

of the LIGHT FIELD as indicated by the images of the radio-opaque markers which
correspond to the size and position of the LIGHT FIELD noted during the test; see
step 2 of 5.3.3.2. Add these measurements for each pair of opposite edges to
calculate the degree of misalignment.

Measure the distances dp and do between two radio-opaque markers visible in both
RADIOGRAMS, produced in cassettes "P" and "Q". Determine the magnification "m"
by calculating the ratio dp/do.

Measure the distances between the edges of the RADIATION FIELD as defined by the
darker irradiated area on the RADIOGRAM produced in cassette "Q". To determine
the distances between the edges of the RADIATION FIELD at the position of cassette
"P", multiply these measured distances by "m".


https://iecnorm.com/api/?name=5c1e2e868d18d235af12d37151da4370

~18 - 61223-2-11 © IEC:1999(E)

Determine the difference between the estimated distance between the opposite
edges of the RADIATION FIELD and the corresponding distance between the edges of
the IMAGE RECEPTION AREA. Add these differences for each pair of opposite edges to
calculate the degree of misalignment.

5.3.4.3 Under-couch X- RAY TUBE ASSEMBLIES

Make the measurements described in step 2 of 5.3.4.2.

NOTE - This test cannot be performed if any edge of the RADIATION FIELD is outside the boundary of the X-RAY
IMAGE RECEPTOR.

5.3.5 _Criteria to be applied

5.3.5.1 Indicated FOCAL SPOT TO IMAGE RECEPTOR DISTANCE
The FPCAL SPOT TO IMAGE RECEPTOR DISTANCE shall be within £1 % 0 istance
and within £1 % of the distance measured in the initial CONSTANCY
5.3.5.p Perpendicular position of RADIATION BEAM AXIS 0 X-F
(see note in 5.3.1)

The RADIATION BEAM AXIS shall be within 1,5° of the pg EPTION
AREA.|To check this, the image of the centre of th of the
inner tircle of the TEST DEVICE for the perpendic
5.3.5.
In figy by b1
and H e, the
follow
5.3.5.
In figy anties are represented by ¢y and ¢, on one axis and| by d;
and d tance from the FOCAL spOT is S, then, for compliancg, the
follow

|c1| +|c2|<0,03x S

|dy| +|d2|<0,03x S

|Cl| + |Cz| +|d1| +|d2| <0,04xS

If, in addition to automatic beam limitation, a secondary BEAM LIMITING DEVICE is normally
located between the PATIENT and the X-RAY IMAGE RECEPTOR, the misalignment criteria shall
apply to the projection of the RADIATION FIELD as though the secondary BEAM LIMITING DEVICE
were not present.

5.3.5.5 Accuracy of the numerical indication of the RADIATION FIELD size

The difference between the indicated dimensions of the RADIATION FIELD size and the
measured dimensions shall be within £2 % of the FOCAL SPOT TO IMAGE RECEPTOR DISTANCE.
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5.3.6 Action to be taken

If the system fails to meet the criteria, the guidance given in annex C should be followed.

5.3.7 Frequency of CONSTANCY TESTS
The tests shall be carried out according to the INSTRUCTIONS FOR USE as provided by the

MANUFACTURER. If no such information is provided, the CONSTANCY TESTS shall be performed at
least quarterly.

5.4 Resolution of high-contrast detail

5.4.1 | Summary

If varfation in FOCAL SPOT size with time cannot be excluded, the all be
performed.
This test checks the constancy of resolution of the X-RA ing a

radiodraphic image of a high-contrast TEST DEVICE.

5.4.2 | Test equipment
The f@llowing test equipment is required:

— amagnifying glass. A 2,5 x magnificatio

— a |high-contrast TEST DEVICE containi 3 of radio-opaque materipls (a
detailed description of the high-confrast TES is provided in annex D);

— a fedicated RADIOGRAPH|C CASSET iated” screen-film combination of the type

5.4.3 | Test procedure

Place|the dedico s . AGE RECEPTOR PLANE at the FOCAL SPOT TO|IMAGE
RECEATOR DISTANCE :

Place|the high 8 On the PATIENT SUPPORT, Or the ENTRANCE PLANE |of the
SPOT |FILM D SO Y bar pattern is kept at about 200 mm from the surface (see
annex D). Ce = ASSEMBLY to the X-RAY IMAGE RECEPTOR and centre the test
pattern to

Orientate themain dixections of the bars of the test pattern by approximately 45° to the [X-RAY
TUBE [axis. oI amny_itém of test equipment, choose the measurement geometry so that the
distanice, from the FOCAL SPOT and the position within the RADIATION FIELD can be reproduced
to withintl % of the distance and position used in the initial CONSTANCY TEST.

Set the X-RAY TUBE VOLTAGE at about 70 kV and choose the LOADING FACTORS S0 as to provide
an optical density of between 0,7 and 1,3 above FILM BASE PLUS FOG DENSITY in the
unattenuated region of the processed film. Use the same LOADING FACTORS as those used in
the initial CONSTANCY TEST.

NOTE - If the IRRADIATION can only be made under AUTOMATIC EXPOSURE CONTROL, it may also be necessary to use
an ATTENUATION PHANTOM (see 5.1.2) as a substitute for the PATIENT, in order to provide appropriate ATTENUATION
and hardening of the X-RAY BEAM interacting with the AUTOMATIC CONTROL SYSTEM. Under these circumstances, the
ATTENUATION PHANTOM should be placed in the X-RAY BEAM as close as possible to the FOCAL SPOT as the X-RAY
SOURCE ASSEMBLY will permit.

Take a RADIOGRAM with an X-RAY BEAM size of 100 mm x 100 mm measured at the PATIENT
SUPPORT plane. Repeat the procedure for each available FOCAL SPOT size which can be
selected.
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For each test, note the LOADING FACTORS.
Process the irradiated films in accordance with the procedure referred to in 4.4.

5.4.4 Data evaluation

Examine the RADIOGRAM with the aid of a magnifying glass and record the maximum spatial
frequencies visible. These are the cut-off frequencies under the test conditions.

In order to provide a comparison, undertake the same procedure with the RADIOGRAMS from
the initial CONSTANCY TEST each time that this test is performed.

5.4.5 | Criteria to be applied

By comparison with the cut-off frequency from the initial CONSTANC e g red cut-

off freguency shall not decrease by more than:

— 20| % for continuously varying resolution test patterns; or
— onle line pair group.

5.4.6 | Action to be taken

If the pystem fails to meet the criteria, the guida

5.4.7 | Frequency of CONSTANCY TES

The tests shall be carried out according to the
MANURACTURER. If no such information {s provided
least quarterly.

by the
NSTANCY TESTS shall be performed at

5.5 Mariation in optic RADIOGRAM

55.1| Summar

This test checks the ' the_relative variations in the optical density measufred at
specific points o R \ $ test may be performed simultaneously with the test
described in 5.2, he. @ gle RADIGGRAM provides the information required for both tesgts.
5.5.2

Measliremex & ofmed using the same dedicated RADIOGRAPHIC CASSETTE and

assocjated scree
test. Use a.densitome

\ combination of the type normally used with the X-RAY EQUIPMENT|under
er which reads consistently within +0,02.

An ATEENUATION PHANTOM is used as a substitute for the paATIENT. This is intended to p ovide
appropriate ATTENUATION and hardening of the X-RAY BEAM. In addition, a film marker TEST
DEVICE shall be used in order to allow for the identification of specific points in the RADIOGRAM
where the measurements of the optical density are to be made; see figure 1. Detailed
descriptions of an ATTENUATION PHANTOM and a film marker TEST DEVICE are provided in
annex D.
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5.5.3 Test procedure

Align the X-RAY SOURCE ASSEMBLY with the X-RAY IMAGE RECEPTOR as in normal clinical
practice.

Place the loaded RADIOGRAPHIC CASSETTE in the IMAGE RECEPTION AREA and the film marker
TEST DEVICE in the X-RAY BEAM between the FOCAL SPOT and the X-RAY IMAGE RECEPTOR.

If IRRADIATIONS can only be made under AUTOMATIC EXPOSURE CONTROL, US€ an ATTENUATION
PHANTOM as a substitute for the PATIENT in order to provide appropriate ATTENUATION and
hardening of the X-RAY BEAM.

For apy item of test equipment, the measurement geometry shall be the Wthin)*1 % as

used |n the initial CONSTANCY TEST. Use the same RADIATION FIELD size

For the initial CONSTANCY TEST select at least two X-RAY TUBE VOLTA e typical
for the radiological procedures for which the X-RAY EQUIPME S 2 ye following
CONSTANCY TESTS select the same settings as those used i

5.5.3.L Testing under manual control

Operdte the X-RAY EQUIPMENT using manual settj FACTORS identical to

thosel|used in the initial CONSTANCY TES
Procelss the irradiated film in accordancewiththe c erred to in 4.4.

Measuire the optical density at the spe e’RADIOGRAM indicated by the images
of the|radio-opaque markefsx\seeAig

If necessary, adjust the in accordance with the procedure rdferred
or processing conditions.

to in 4.4 to allow fer any ctiang in f
5.5.3.p Testing u: - y SURE CONTROL

Opergte the X-RA irNconjdnction with the AUTOMATIC CONTROL SYSTEM and use the
X-RAY| TUBE V@ nd all other appropriate settings, for example density cpntrol,
identical to tRose bisg B initial CONSTANCY TEST.

Procejss the_irradjatedNi{Imin accordance with the procedure referred to in 4.4.

Measure the-optical density at the specific points on the RADIOGRAM indicated by the images
of the|radie-opaque markers; see figure 1.

If necessary, adjust the measured values of density in accordance with the procedure referred
to in 4.4 to allow for any changes in film batch or processing conditions.

5.5.4 Data evaluation

Examine the RADIOGRAM and compare it with that produced in the initial CONSTANCY TEST. This
will reveal gross variations in the distribution of optical density throughout the RADIOGRAM.

Determine the differences in optical density measured at specific points on the RADIOGRAM,
indicated by the images of the radio-opaque markers, and that measured at the reference
point, and compare with the established initial CONSTANCY TEST. Make additional
measurements and determine the differences in optical density at any other points on the
RADIOGRAM where visual inspection indicates that a significant change may have occurred.
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5.5.5 Criteriato be applied

The optical density differences should be within £0,10 of the BASELINE VALUES.

5.5.6 Action to be taken

If the system fails to meet the criteria, the guidance given in annex C should be followed.

5.5.7 Frequency of variation in optical densities CONSTANCY TESTS

The tests shall be carried out according to the INSTRUCTIONS FOR USE as provided by the
MANUFACTURER If no such information is provided, the coONSTANCY TESTS shall be performed at

least quarterly.

6 Statement of compliance

The tgst report shall be headed

Test report
yeneral di
3-¢- 9

If compliance with this standard is to be all be done as follows:

The efjuipment for genera)dicect i g plies with IEC 61223-2-11:1999

Identification (for example, name of equipment, model or type reference).


https://iecnorm.com/api/?name=5c1e2e868d18d235af12d37151da4370

61223-2-11 © IEC:1999(E) —23-

Key

O D

Polystyrene

— -

480

hdio opaque wire markers

hdiovopaque letters

IEC 1099/

b9

Dimensions in mil

imetres

Figure 1 — Example of a film marker

TEST DEVICE
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Figure 3 — Example of an alignment

TEST DEVICE
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Figure 4 — Examples of a high-contrast  TEST DEVICE

IEC 1102/99
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X-RAY SOURCE ASSEMBLY
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3 IMAGE RECEPTION AREA

Figure 6 — Geometric coincidences
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Annex A
(normative)

Terminology — Index of defined terms

L O G0 rm.-..-..
Name of unit in the International System Sl.........cocooiiiiiii e, rm.-..-..*
Derived term without definition ..o rm.-..-..+
Term WIROUT def NI 0N ... et e eeneennennees CEI

NamMe| of arlier UNit. .. ..o e et
ShOortENEd TEIMN L i e = / .-..-..S
Clausp 3 Of IEC B1223-1 ..ouiririiiiiiiiie et NG G-3...
Clauspg 3 of IEC 61223-2-XY Y-3...

ACCERTANCE TEST iuititiiieiiiiiteteteeieneeenereeneeneeneneenenenenenenee N e oo N s Nee e e DL e -3.2.4
A C CE S SORY ittt e e e e e N e I e e 183-06
ACCOMPANYING DOCUMENTS ..iuitititieiiiinererieieeeneneneensayfenen e s e s e e N e e e 182-01
ADDED FILTER ttuiiiiteteiieiiienenereaeeneeneneneeeenensnenenensenefinnemngee s XA T G e Dereenrnenenennns 135-02
AIR KHRMA ... 113-11
ANODE ... NG \ 122-06

ANTI-GCATTER GRID...vovivieiiiiineieeenene e G e e e D ) 132-06
ATTENUATION .ottt o NG00 112-08
AUTOMATIC CONTROL SYSTEM 136-45
AUTONATIC EXPOSURE CONTROL 136-46

BASELINE VALUE vt St e N et N N e e o s oM /e et ete ettt e e et e ae et e et e e e e e eaeaes -3.2.7
BEAM LIMITING DEVICE.. 137-28
BEAM LIMITING SYSTEM. 137-27

CASSHTTE CHAN.... rm{31-06
CONSTANCY TEST...Y. AG-3.2.6
CURRENT TIME PRODYOG rm4{36-13
DIREC|T RADIOGF 1Y N\ rm441-07
e N RY (0] S T I N S S O N rm432-42
ENTRAN 3 N S rm{37-17
ESTABLISH S 1 AG-3.2.8
FILM BASE PLUS FOG DEAN S TY Lttt ittt et e et e et e e et et e et e et et e e e e et eaeneeenes 1-3.2.2
L LI BT I Y NNy ] = 2-3.2.1
[ LI = 3 L7 8T = T 1-3.2.1
(I =y T rm-12-11
L0 10N IR =0 1 rm-20-13s
FOCAL SPOT TO IMAGE RECEPTOR DISTANCE ...uutitiiitiet ittt e et e e e e et ee e e e eeaeeeetananeeas rm-37-13
HIGH-VOLTAGE GENERATOR ..tuttititit ittt ettt ettt e et e e e et et e et a et et et e s e et e te e e aeeaeaenenens rm-21-01
IMAGE RECEPTION AREA .. .titttititit ettt ettt e e et e et et e e et e ettt e et et et e e e e et e a e e e e eaeaeneneneaes rm-37-16
IMAGE RECEPTOR PLANE . .euttttitttt ettt et et e e e et e e e et e et et e et e et et e e e e e et e a e e e e eaeaeneneeaes rm-37-15
INSTRUCTIONS FOR USE .iutititititiiie ettt et et et e e ettt e e et et ettt e et et et e e e e e et e e e e e eaeaeneneneaes rm-82-02
INTENSIFYING SCREEN ..uiuttttititite ettt ettt e et e et e ettt e et e e e et et e e e re et e aeae e e e eaeaenenenes rm-32-38
[ONIZATION CHAMBE R ...ttt ittt ettt ettt ettt ettt et ettt e e e et et e e e teeae e tssae et e saeeeeaseeneenseaneans rm-51-03
TN ] 1 1 ] rm-12-09

IRRADIATION TIME 1t eutttn ettt e ee et e e e et et et et et et e et e et e e et e e e e e e n et e e e e e e e e enenns rm-36-11
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L] 1= N rm-37-09
LIGHT FIELD INDIC AT OR 1ttt ittt ittt et ettt ettt e e ettt et et et e et e tae et s saeeaa e abeeeeareeneeaneaneenenn rm-37-31
(10N 01 N[ =X it @ ] = rm-36-01
LOADING TIME .1ttt ittt ettt ettt et ettt e e et et e e e e ettt e e e s bt eae e e aeeae et e eae e s e aneeaseaaeeneeneaneen rm-36-10
LY N L7 X o 1L T = rm-85-03-
1Y/ L@ 3 A TN LT T = | o 2 rm-32-15
(@ 1= =1 =Ny 0 = . rm-85-02
N0 81 =1\ N rm-62-03
o I 1= ST U124 =X 1 =S rm-37-18
PHANTOM——TF/7TrrF nnnnnrnm mmmmmmmm H54-01

PRIMARY RADIATION .ottt ee e eee e eeeeeteaeeneeteneeneenenneneefanii NG e rM4{11-06
e ] = S U] 2 =T ] = L P .yrm{30-02
QUALI[TY ASSURANCE PROGRAMME \3-3.2.2
RADIATION .. it e el e N e e e e .. {11-01
RADIATTON BEAM L.ttt e e et e e e ete e eeeteaeeeerenesne s Neeneaaa ) /. {37-05
RADIA[TION BEAM AXIS 137-06
RADIA[TION DETECTOR _ rm4{51-01
RADIATTON FIELD «.uvieiiiiiie e ieieieeeieeeeaeieeneeeeeeneneene e fanei i e NA S e e e N e e eneneenennnn rm4{37-07
RADIATION METER .vviiiiiiiiiiieieieieneeeeeneeneneneeeeneenenebee s e Lo SO0 rm{50-01
RADIOGRAM ...ttt e e . rm{32-02
RADIOGRAPHIC CASSETTE ..vcvvvieeeeen K NG rm4{35-14
RADIOGRAPHIC FILM ..oviviiiiiii i e G rm4{32-32
RADIOLOGICAL INSTALLATION rm-{20-24

REFERENCE DIRECTION 137-02

SCATT {11-13
Specifi 74-01
Specifi 74-02
SPOTH 131-05
STATU -3.2.5
TARGH 120-08
TEST I 171-04
TiSsuU 135-16

TOTAL 113-48

USER 185-01

X-RAD |1-01-
X-RAY 7-05+
DG 2 ¥ N I =T T 1= V= N PP rm{20-20
XoRAY| IMAGE RECEPTOR ..ttt ittt ite et et e et e e et e e e et e e et et et et et et e e et et eaeeneaaaneananeans rm4{32-29
X-RAY SOURCE ASSEMBLY ..ttt ittt ettt et e a et et e et ettt e et ee et e ataneateasaneaneneans rm-20-05+
XoRAY SPECTRUM L.tttiiiitet ettt e e et e et e et e e et et et e ettt et et e e e e e ea et e e aenenenenennes rm-13-34+
D17 V] = = PP rm-22-03
KoRAY TUBE ASSEMBLY ittt ittt ettt et et et et et et et et et et et et et et s eae e et eeaneaaaeananeans rm-22-01
X-RAY TUBE CURRENT 1.ttt ttttttttitttet et ettt et et et e e et et et et e e et et et et e e et et et et e e e enenetesaanenenns rm-36-07

XRAY TUBE VOLTAGE 1ttiittutttaet ettt et ettt e et e ettt et e et e e et e et e r e et e e e e a e e e nneneenees rm-36-02
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