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Indian Standard

SPECIFICATION FOR
DIAGNOSTIC MEDICAL X-RAY EQUIPMENT

PART 2 PERFORMANCE REQUIREMENTS

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( First Revision ) was adopted by the Indian
Standards Institution on 16 June 1986, after the draft finalized by the
Electromedical Equipment Sectional Committee had been approved by the
Electrotechnical Division Council.

0.2 This Indian Standard was first published in 1975, and is revised in two
parts incorporating certain modifications, particularly in respect of momen-
tary output and leakage current test.

0.3 While Part 1 of the this standard specifies general and safety require-
ments, Part 2 specifies performance requirements of diagnostic medical
X-ray equipment,

0.4 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, express-
ing the result of a test, shall be rounded off in accordance with IS :
2-1960*, The number of significant places retained in therounded off value
should be the same as that of the specified value in this standard.

1. SCOPE

1.1 This standard \ Part 2 ) specifies performance requirements for all
types of diagnostic medical x-ray equipment ( and parts thereof ) as
defined in Part 1 of this standard.

*Rules for rounding off numerical values ( revised ).
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2.0 For the purpose of this standard, the definitions as given in 1S : 1885-
( Part J3[/S(§(j 93-1977* and Part 1 of this stand: ard; she 1!] 1{,})!}7_

3. GENERAL REQUIREMENTS

21 Dhaocian VT ned MM chawia 1 D ......‘ ements
IS 7% S § uyan\,an Ana HMECHANICAI ACGuirements

3.1.1 X-ray equipment should employ materials throughout which are
suitable for the particular use and should be made and finished with the
degree of uniformity and grade of workmanship fit for this particular
equipment.
cords. fuseholders. fuses

o q
s, CUTUS, 1UoTHIOIQULS,  1uSty,

2.1.2 Attachmeoent

Jeaeen AUlACIHIMCNT

lampholders, motor- opcmted Componcnts eceptacles, switches, etc, which
are provided as parts of x- ray equipment shall be chosen with rcspect to

11y NN ar ammnhbicatian and chall aan v AT

NN £, 11,
thi ll mu'ululll\ 101 e l)Lll ticuiar ayyubauuu and stiaiu conform to appio-

priate Indian ‘Standard. In case an Indian Standard is not available it
will be as agreed to between the manufacturer and the purchaser.

"C!

3.1.3 The enclosure shall be so formed or provided with barriers that
the supporting surface will be protected against ignition by falling brands
or molten matcrial in the event of {ailure of the equipment.

3.1.4 Vor unreinforced, flat surfaces in general, cast metal should be
not less than 3 mm in thickness, except that mallcable iron may be not
fess than 2:3 mm in thickness and dic-cast metai may be not less than 2
mm in thickness. Corresponding thickness of not less than 1-2, 1-5 and 12
mm respectively, may be acceptable if the surface is curved, ribbed, or
otherwise remiorced, or 1if the shape andjor size of the surface 1s such that
adequate mechanical strength is provided.

hall be built in such a manner that itg “]P\,trlc

n
Teies LgUlpPIIC |GV LIS § 4 u a Iaidilc £1a10 118 i€

ts al
insulation may not be affected adversely by water condensing on the cold
surfaces, by water leaking from receptacles, hoses, couplings and the hke.

3.1.6 1t shall not be possible to fix in a wrong position actuating parts
which indicate the setting of switches or setting devices, the incorrect
operation ( incorrect setting ) of which may be the cause of danger to
patient or user ( for example, mains switches, circuit-breakers or power
controls ), as well as actuating parts which have to be removed in use.

215 Faui

-

3.2 Swiiches, Fasieners and Gither Componenis

3.2.1 Switches, lamp holder, attachment plug, receptacle plug connec-
tion, or similar device shall be mounted securely and prevented from turn-
ing by means other than friction between surfaces.

*Electrotechnical vocabulary : Part 43 Electrical equipment used in medical
practice.
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3.2.2 Screws, washers and nuts of insulating matcrials shall not be used
if there is danger of their becing replaced during maintenance or repairs
by commercial metal parts and the protective insulation or rcinforced
insulation is adversely affected thereby.

3.2.3 Protective sleeving shall only be used as supplementary insulation
on insulated internal wires and shall be held in position by suitable
means.

3.2.4 Fluoroscopic screens whenever provided with the x-ray equipment
shall have light-proof cover.

3.3 Corrosion Protection

3.3.1 Iron, steel, aluminium and any other metallic part shall be suita-
bly protected against corrosion by enamelling, painting, galvanizing, plat-
ing or other equivalent means.

3.3.2 Equipment subject to spillage of liquid in normal use shall be
constructed in such a manner that its electrical insulation is not adversely
affected by such spillage.

3.3.3 The equipment shall withstand the effect of normal atmospheric
humidity.

3.3.4 Equipment which contains batteries shall be built in such a
manner that the insulation is not adversely affected by leaking acid or
alkali.

3.3.5 All part of the equipment including eclectric parts should be so
treated as to avoid the growth of fungus in normal use and storage.

3.4 Temperature Rise — Materials employed in the construction of
x-ray equipment shall not be affected adversely by the temperature attain-
ed under any condition of normal operation and also under condition of
normal idling ( 12 hours ). The temperature-tise of different parts and
materials shall not exceed the values given in Table 1 of Part 1 of this
standard.

3.5 Supply Connections

3.5.1 The equipment which is not intended to be permanently connec-
ted to a fixed installation shall be provided either with a permanent
connection lead or appliance inlet suitable to be connected with the
appliance connector without difficulty.

3.5.2 Either rubber insulated flexible cords conforming to IS : 968
( Part | )-1977* or PVC insulated flexible cords conforming to IS : 694-
19774 shall be used for the above connection.

*Specification for rubber-insulated cables: Part 1 With copper conductors ( revised ).
{Specification for PVC insulated cables ( for working voltages up to 1 100 volts ),

5
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intended for mnermanent connection to sta_t_gop_arv

installation shall be provided with lead entries, conduit entrics or lands
of proper sizcs.

o

3.5.4 Equipment for permanent stationary connection shall be provided
with terminals which permits connection by screws or nuts.
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3.5.5 Terminals shall be constructe t
ductors are clamped with adequate contact prmsur(‘ between metal surfaces

without damage to the conductors,

3.5.6 Bolted terminals shall be provided with washers of appropriate
sizes.

- t tha
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3.5.7 The mains connection terminals inciuding the proteciive conduc-
tor terminals shall be arranged specially close together.

3.6 Wiring and Wiring Terminals

3.6.1 The wiring and connections between parts of x-ray ecquipment
shall be adequately protected or enclosed, except that a suitable length of
fiexible cord or cable may be employed for external wiring or for inter-
connection between various components of the equipment if {lexibility is
essential,

3.6.2 An insulated conductor shall not be exposed to oil; grease, oily
vapour, or other substance liable to affect insulation Adwn(ly unless

fir cuich
10T

e cintal o
Lol QUL

atirer esrri PRVSVIN ire Q # I sl
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usagc.
Nore — A conductor is considered to be exposed to oil if it touches an oil-fiiled

enclosure, nnless that enclosure is completely sealed,

3.6.3" Aluminium conductors should not be used for internal wiring.

3.7 Live Metal Parts

3.7.1 A metal oth(r th(m sxlvcr copper, or a copper alloy employed

3.7.2 Carbon and certain tungsten alloys are among the materials which
are acceptable for contacts.

3.8 X-ray Table
3.8.1 Height of the table top from floor level when physically measured
should not be more than 870 mm.,

3.8.2 Table top material shall be of uniform density and shall not cast
any shadow when viewed with x-ray on a screen and shall not have any
void or forcign material to interfere with fluoroscopic or radiographic
examination.
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3.8.3 The table top shall be of such material so that it can be washed
with cold soap water. It shall not have any deterimental effect on applica-
tion of chemical/dyes used in special radiographic investigation.

3.8.4 The filtration of table top shall be specified and shall not be more

than 1 mm aof aluminium at 20 LV
Uian 1 mm Of a:uminium av ov s Ve.

3.8.5 The table top, when physically checked, shall be capable of
taking 100 kg distributed load at horizontal position without any appreci-
able sag at the middle of the table top. The sag shall not be more than
10 mm.

o At L1 LML L1 _ . .. 1NN b 1ond
a.o.o ].IIC motor urlvcn tabpie snaii D€ dedUlC UI. ldlblllg IUU Kg 10au vn

the head end of the table from any i)osmon of the chassis tilt.

3.8.7 Screen frame or spot film device shall be parallel and square with
table top within 3:00 mm per 300 mm in all positions of the chassis.

3.8.8 Maximum drag, that is, force in kg to overcome friction at mini-
mum constant speed for screen spot film carriage and bucky in tilt table
shall be specified by the manufacturer with locks off and on for tilt table
as indicated in the following table:

Part Table in Table in
Horizontal Position Vertical Position

Locks Off ' Locks On "Locks Off Locks On
Screen/sport film carriage
Longitudinal travel
Cross Travel
Compression movement
Bucky
Longitudinal

3.8.9 Maximum travel of screen/spot film device and bucky shall be
specified by the manufacturer as in the following table: -

Part Travel
Screen/sport film device Longitudinal -~ mm
Cross — mm
Compression — mm
Bucky Longitudinal — mm
3.8.10 The screcn frame or spot film device shall be coupled with the
tube head in such a manner that both move u)é,ruu;r firmly.
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3.9 Tubestand

3.9.1 Maximum and minimum travel of tube fccus from ground shall
be specified.

3.9.2 Maximum longitudinal movement of tube focus shall be specified.

3.9.3 Maximum and minimum cross travel of the focus shall be
specified.

3.9.4 Maximum drag, that is, force in kg to overcome friction at
minimum constant speed shall be specified according to the following
table:

Movement Force
kg
"Locks Off Locks On
Vertical
Horizontal
Cross

3.10 Collimator
3.10.1 Visual means shall be provided to find out the approximate

radiated area without energizing x-ray at distances at which radiographs
are taken normally.

3.10.2 Where light beam or other visual means are provided to find
out the area to be exposed the indicated area shall be at least 2 mm more
than the actual exposed area at a distance of 1 m.

2IN 2 ol b chol] Ln aolehin s o a mmetra o o
3.10.3 Central beam shall be within 3 mm of the centre of the filt 1/
screen

4.1 X-ray apparatus and parts thereof, in so far as they form a separ-
able component, shall be provided with permanently and clearly legible
markings as given in Part 1 of this standard.

5. CATEGORIES OF TESTS

5.1 General — Tests are broadly classified into two categories, namely,
type tests and routine- tests,

21T Tha fallawine cha
Jidel L ILIT LUK Wllls Sila

a) Test for accuracy of indication for the x-ray control ( se¢ 6.2 );

b) Test for stabilization with internal temperature changes for the
x-ray control ( se¢ 6.3 );

- Sbeeda & Serema Sandas
AJ5ISLILULL LAt Lypc WUDWI.

oo



IS : 7620 ( Part 2 ) - 1986

c) Recycling time test for the x-ray control ( see 6.4 ) ( where
required );
d) Milliampere stabilization test for the x-ray control ( see 6.5 );
e) Timer test for x-ray control ( see 6.6 );
f) Stator voltage and current test ( 6.7 );
g) Test for interlocks ( 6.8 );
h) Installation test ( see 6.9 );
j) Grid pattern test ( for potter bucky and x-ray grid ) ( se¢ 6.10 );
k) Grid clear up test ( for potter bucky and x-ray grid ) ( see 6.11 );
m) Potter bucky motion and synchronism test grid ( see 6.12 );

n)} Exposure angle and location of objective plane test for body
section devices ( see 6.13.1);

p) Flatness of plane test ( 6.13.3 );

q) Tomographic resolution test ( see 6.13.4 );

r) Section thickness test ( see 6.13.5 );

s) Magnification test for body section devices ( 6.13.6 );
t) Test on x-ray table ( se¢ 6.14 ); and

u) Test on tube stand ( see 6.6 ).

5.1.2 A test certificate may be produced in lieu of the actual type test
specified under (j) to (r).

5.1.3 The following shall constitute the routine tests:

a) Visual examination and inspection ( see 6.1 );
b) Timer test for x-ray control ( see 6.6 );

c) Stator voltage and current test ( se¢ 6.7 );

d) Test for interlocks ( see 6.8 );

¢) Installation test ( se¢ 6.9 ); and

f) Test on x-ray table ( se 6.14 ).

6. TESTS

6.0 General — During tests for accuracy of indication, stabilization with
internal temperature changes, recycling, milliampere stabilization, timer,
stator voltage and current, interlocks, and meters installation and spinning
top, the mains resistance shall not exceed the values shown in Table 1.

6.0.1 Method of calculation and measurement of mains resistance and
momentary output is shown in Appendix B of Part 1 of this standard.

9
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6.1 Visual Examination and Inspection — The diagnostic x-ray
equipment shall be visually examined, measured and inspected for confor-
mity with the relevant requirements specified.

6.2 Test for Accuracy of Indications

6.2.1 Peak Kilovolts — The peak kilovolts shall be determined with
a peak voltage measuring instrument at 70 and 40 percent of rated out-
put voltage at various radiographic milliampere levels indicated on the
x-ray equipment but not exceeding the milliamperes for designated output
voltage, and at a fluoroscopic levels of approximately 3 milliamperes.

Care and caution shall be taken to keep all high voltage circuits
away from ground and to make certain that personnel avoid contact with
exposed high-voltage system.

6.2.1.1 Test value — The values indicated on the peak kilovoltmeter
and the x-ray equipment indications shall not differ by more than 4 4
percent.

6.2.2 Milliamperes — This test is intended to be used as a proof test to
determine the true anode current and may be used as a calibration means
for the existing current indications of the x-ray equipment,

This test uses a comparison of the indication of added test instru-
ments with the indicating means of the x-ray control. These added test
instruments shall be D’Arsonval type milliammeters with an accuracy
of 4- 1 percent of full scale. If a milliampere-second meter is required, it
shall have an accuracy of 1 5 percent of full scale,

The testinstrument shall be connected into the grounded lead of
this high voltage generator. If the current is alternating at this point, it
shall be rectified by a suitable full wave bridge rectifier. Kilovoltage on
the x-ray equipment shall be set at the lowest reasonable value to prevent
flashover.

The test instrument should not be touched as it will be at a lethal
potential.

Exposures shall be made at 100 percent and at approximately 70 and
40 percent of the range of each current indicator on the equipment. The
test instrument indication and the x-ray equipment indication shall be
recorded.

The mA indicator may consist of either a meter, dial, push button,
or calibration chart for programmed x-ray control.

11 ’
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6.2.2.1 Test value — The test instrument indication and the x-ray
equipment indicator shall be compared. The difference between these
readings shall not exceed the following iimits;

a) Radiograpic
X-ray equipments with rated output current 300 mA
8 percent
X-ray equipments with rated output current > 300 mA
5 percent

b) Fluoroscopic
All x-ray equipments 10 percent

6.3 Test for Stabilization With Internal Temperature Changes —
The x-ray control shall be supplied with rated line voltage after being de-
energized for at least 4 hours. It shall then be energized and the peak
kilovoltage set at 75 percent of rated output voltage. At the end of 5
minutes, three 0-2 second exposures shall be made at approximately 25, 50
and 75 percent of rated output current. The values of milliamperes shall
be recorded as ¢ milliamperes for cold unit °.

The control shall be energized ( but not operated ) for 8 hours. At
the end of this time, the exposures called for as above shall be repeated.
The values of milliamperes obtained shall be recorded as ‘milliamperes for
hot unit’.

6.3.1 Test Value — The values of ‘milliamperes for hot unit’ shall be
comparéd with the values of *milliamperes for cold unit’. The difference
between these values shall not exceed the specified percentage given
below:

X-ray equipments with rated output current 300 mA 20 percent
X-ray equipments with rated output current > 300 mA 10 percent

6.4 Recycling Time Test

6.4.0 This test applies only to x-ray equipments in which load switching
if performed in the high-voltage generator primary circuit. A typical test
method is given in 6.4.1 to 6.4.6.

6.4.1 Automatic Test Device — The automatic test device shall consist of
a full-wave bridge rectifier, the alternating-current terminals of which are
connected to the control circuit of the timer being checked in place or
the exposure push button switch. These connections shall bé made through
terminals A and B. The direct current terminals of the bridge shall be
made shunted with a sensitive silicon controlled rectifiér and an adjus-
table firing circuit { see Fig. 1 ),

12
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6.4.2 Test Circuit — When the timer is connected to its power source
timer control voltage will appear across terminal A and B and simultane-
ously across the alternating current side of the bridge rectifier. A very
small current will flow due to capacitor Gl charging through R1-R2 and
D6. During this period of charging, the silicon controlled rectifier is not
conducting so that the impedance from terminals A to B is, too high to
permit the timer control circuit to operate. When capacitor Cl reaches a
potential of about 65 volts, the neon lamp will ignite and discharge the
capacitor through current-limiting resistor R4 into the silicon controlled
rectifier ( SCR ) gate. With the silicon controlled rectifier conducting, the
impedance at terminals A and B is reduced to a very low value. Hence
the timer will turn on for an exposure. The on period will last for at least
ten cycles at the faster repetition rate. This will have the same effect as
holding down the exposure switch for ten cycle or more and will allow test-
ing of timers having a minimum time setting of 1/10 second or less. Recy-
cling does not begin until the on period ends, so recycling time measure-
ments are not affected by the length of the on period. The off period is
adjustable from 1 to 10 cycles.

6.4.3 Electrical Connections — An oscilloscope shall be connected to the
x-ray control primary circuit as shown in Fig. 2 so that it will be energized
by the alternating current supply for the duration of the timed interval
terminals A and B of the automatic test device, shall be connected to the
timer being tested in place of its usual exposure initiating means.

6.4.4 Test Procedure — The timer shall be set for its shortest interval.
The repetition rate control ( R2 in Fig. 1) of the automatic test device
shall be set for maximum resistance. The timer, when cnergized, will
pulse.

The oscilloscopé indicating the timed interval in cycles. The oscillo-
scope shall be closely observed under these conditions for a time sufficient
to determine the consistancy of the timer in making the repeated expo-
sures. Should occasional error be noted in the duration of the timed inter-
val, its pattern shall be established as accurately as possible, for example,
onebad exposure for every ten correct ones, etc. The resistance of the
rate control, R2, of the automatic test device shall be slowly decreased
while continuing to observe the oscilloscope pattern for any shortening of
the timed interval or an increase in inconsistency, if any, were present ori-
ginally. When this point is reached the control shall be advanced slightly
to where the correct interval is once again observed. This setting shall
represent the minimum period of de-energization that will permit the timer
to properly reset. ‘

6.4.5 Measuring Timer Recycle Time — The oscilloscope shall be connec-
ted to terminals A and B of the automatic test device in addition to the
timer connections. The timer recycle time shall be read to the nearest
cycle (or millisccond ) from the oscilloscope screen ( see Fig. 2 ).

14
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6.4.6 Test Value — The minimum period of de-energization that will per-
mit the timer to properly reset shall not be more than 1 cycle for electro-
nic timers and 4 cycles for mechanical contactors.

Nore — This test is only to be conducted where use demands.

X- RAY CONTACTOR

— l *~——
TO HIGH-VOLTAGE } O
TRANSFORMER PRIMARY

—_——al—»
SINGLE PHASE

Figc 2 Meraob oF CONNECTING OSCILLOSCOPE X-RAY PRIMARY
CircUIT TO ACCURATELY MEASURED TIMED EXPOSURE

6.5 Milliampere Stabilization Test

6.5.0 General— The rated supply voltage used for the milliampere stabi-
lization test shall not vary by more than 2'5 percent and the frequency of
the supply shall not vary by more than £ 1 percent.

6.5.1 Test for Stabilization with Supply Voltage Changes

6.5.1.1 The voltage to'x-ray control shall be adjusted to the nominal
voltage by adjusting the line voltage for operating the line voltage adjust-
ment, The peak kilovoltage shall be set at 60 percent of rated output volt-
age and 0-2 second exposures shall be made at 50 percent of rated output
current or greater. The values of milliamperes obtained shall be recorded
as ‘milliamperes for normal line voltage’.

6.5.1.2 The line voltage shall be set to 94 percent of nominal. The
kilovoltage shall be set to the same indicated value as in 6.5.1.1, but no
other adjustments shall be made. The exposures called for in 6.5.1.1 shall
be repeated and the values of milliamperes obtained shall be recorded as
‘milliamperes for low line voltage’.

6.5.1.3 The supply line voltage shall be set to 106 percent of nomi-
nal. The kilovoltage shall be set to the same indicated value as in 6.5.1.1,
but no other adjustments shall be made. The exposures called for in 6.5.1.1
shall be repeated and the values for milliamperes obtained shall be recorded
as ‘milliamperes for high line voltage’.

15
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6.5.1.4 Test value — The values of ‘milliamperes for low line voltage’
and the values of ‘milliamperes for high line voltage’ shall be compared
with the values of ‘milliamperes for normal line voltage’. The difference
between these readings shall not exceed the percentage value indicated
below :

X-.ray equipment with rated output current <« 100 mA 10 percent

X-ray equipment with rated output current - 300 mA 5 percent
and > 100 mA

X-ray equipment with rated output current > 300 mA 2-5 percent
6.5.2 Test for Stabilization with Peak Kilovoltage Changes

6.5.2.1 The x-ray equipment shall be supplied with rated line voltage.
Peak kilovoltage shall be set at 75 percent of rated output voltage, and 0-2
second exposure shall be made at 25 and 75 percent of rated output cur-
rent. The values of milliamperes shall be recorded as milliamperes for
base peak kilovoltage.

6.5.2.2 The peak kilovoltage shall be raised to 90 percent of rated
output voltage, but no other adjustments shall be made. The exposures
called for in 6.5.2.1 shall be repeated, and the values of milliamperes obt-
ained shall be recorded as milliamperes for the high peak voltage.

6.5.2.3 The peak kilovoltage shall be lowered to 60 percent of rated
output voltage, but no other adjustments shall be made. The exposures
called for in 6.5.2.1 shall be repeated, and the values of milliamperes obt-
ained shall be recorded as milliamperes for the low peak kilovoltage.

6.5.2.4 Test value — The values of milliamperes for the high peak
kilovoltage and the values of milliamperes for the low peak kilovoltage
shall be compared with the values of milliamperes for the base peak per-
centage value indicated below :

X-ray equipment with rated output current 100 mA 10 percent

X-ray equipment with rated output current 300 mA 5 percent
and > 100 mA

X-ray equipment with rated output current > 300 mA  2:5 percent
6.5.3 Test for Stabilization with Change of Frequency — Under considera-
ation.
6.6 Timer Test for X.ray Control

6.6.1 Class A Timers — Class A Timers shall have a minimum setting of
not more than one electrical cycle. Class A timing devices shall make and
break the supply circuit to the x-ray tube at a phase angle chosen to mini-
mize arcing or transients for the specific type of contactor and high-voltage

16



IS : 7620 ( Part 2 ) - 1986

generator, This-will usually be approximately zero electirical degrees
for mechanical contactors and thirty electrical degrees for electronic
tube contractors. The Class A timing devices shall repeat at the same
electrical angle consistently within 4 10 percent,

A timer shall not exceed those listed below :

Time in Seconds Maximum
0-01 to 0-500 0-1 half cycle
0-501 to maximum range 2 percent

6.6.2 Class B Timers — Class B timers shall have a minimum setting of
not more than three electrical cycles. Class B timing devices may make or
break the supply circuit to the x-ray tube at random in respect to the posi-
tion of the alternating current wave. The errors of Class B timers shall not
exceed one half electrical cycle or 2 percent, whichever, is greater.

6.6.3 Class C Timers — QClass C timers shall have a minimum setting of
not more than six electrical cycles. Class G timing devices may make or
break the supply circuit to the x-ray tube at random in respect to the
position of the alternating current wave. The errors of Class C timers shall
not exceed one electrical cycle or 5 percent, whichever, is greater.

6.6.4 Class D Timers — Class D timers shall have a minimum setting of
not more than 025 seconds. Class D timing devices may make and break
the circuit at random in respect to the position of the alternating current
wave. The errors of Class D timers shall not exceed three electrical cycles
or 6 percent, whichever is greater.

6.6.5 Oscilloscope shall be used for testing for 0’ to ‘0-5° second. For
measuring above 0-2 second, digital counter or synchronous clock may be
used.

6.7 Stator Voltage and Current Test — For tubes of rotating anode
type the stator voltage and current shall be verified for compliance with
the limits specified by the manufacturer for these quantities.

6.8 Interlock Tests — All interlocks such as stator interlock, timer
interlock, bucky interlock and tube rating interlock shall be tested as per
manufacturer’s specification where the interlocks are operated electrically
or mechanically.

6.9 Installation Tests
6.9.1 Step-Wedge Tests

6.9.1.1 Figure 3 gives a dimensional sketch of step-wedge made of
aluminium or aluminium alloy.

17
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1

i .

r*13 = 13*‘

r—\——\_,____‘_ﬁ
' 1

‘—[2 o-13 - o]

All dimensions in millimetres.
Fic. 3 Ster-WeDGE

6.9.1.2 Test method — Take a picture of the step-wedge at 2/3 of
maximum kV at minimum mA setting, that is, 5 to 10 mA at say 25 per-
cent of the rated maximum mA. This is to be used as reference radio-
graph. Keep kV and mA constant and take pictures at different mA sta-
tions given in the equipment. Compare the radiographs with test radio-
graph.

6.9.1.3 The penetration should be almost same in all the mA
stations.

6.9.2 Spinning Top Test
6.9.2.1 A recommended sketch of spinning top is shown in Fig. 4.

6.9.2.2 Test method — Set the control as approximately 2/3 of the
peak kV and any mA station. Set the unit to 0°04, 0-05, 0°06 or nearest
values. Take a radiograph. The radiograph with show time in seconds
X 100 number of dots in full wave rectified equipment and
time in seconds X 100
2
equipment at 50 cycles.

number of dots in self and half-wave rectified

Nore — The step-wedge test and spinning top test are subject to availability of
supply of film and darkroom facilities by the user.

6.10 Grid Pattern Test

6.10.1 Place the x-ray tube in such a position that the central ray is
perpendicular to and intersects the centre of the grid.

6.10.2 The focus-grid distance shall be adjusted so that the focal spot
of the x-ray tube is on the convergence line of the grid.

18
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DETAIL OF

ROUND DISC
4 2.55Q
9.59 KNURLED
PN
3'}_ L%
I ‘
oF —-I||~3¢‘\T
ROUND DISC
SPINNING TOP
Part Material
Pin Spring steel
Round disc Brass
Spinning top Brass
Spinning top assembly Brass

All dimensions in millimetres,
F16. 4 SpinNIng ToP

6.10.3 A radiograph shall be made of the grid alone, using the proper
exposure for x-ray energy, focus-grid distance, film speed, and intensifying
screens being used.

The radiograph shall be inspected for uniformity of grid pattern,
freedom from splits, inclusion of foreign material, etc.

6.10.4 Test Value — The grid pattern shall be uniform, without abrupt
changes in photographic density on the test film. The grid shall be free of
splits and shall be free of inclusions of foreign material in the intended
useful areas of the grid.

6.10.5 Number of grid lines and grid ratio shall be checked for comp-

liance with the value specified by the manufacturer.
Nore — For this purpose, manufacturer’s test certificate may be accepted.

6.11 Grid Clean-up Test

6.11.0 For the purpose of securing comparable measurements, a photo-
electric method of measuring grid clean-up is described because of its sen-
sitivity and reproducibility. Alternate methods which produce comparable
results may be used.

19
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6.11.1 Plantom — A water phantom having an area of 300 X 300 mm
and a depth of 200 mm shall be used. When a range of depths is desired,
100 0NN 2nd 20O mm are recommended The containers shall be made r
11UV, 4UU allu JUU 111l alyv l‘-\ruullllcllubu 4 IAC LUulitaliivio Dllall MU lllaue O1
acrylic plastic, polyethelene or any other material not containing heavier
elements, such as sulphur or chlorine. The thickness of the bottom shall

pu|
not exceca .lU 1.

6.11.2 X-ray Source — The x-ray tube shall have a total ( inherent
-+ added ) filtration of approximately 2 mm of aluminium at 60kV and
4 mm of aluminium at 100 kV. The high voltage applied to the tube shall
have a ripple of less than 10 percent. - Grids shall be tested at 60 and 100
peak kilovolts.

6.11.3 Rodiation Detector — A fluorescent screen incombination with a
photo-multiplier shall be used as the radiation detector. The fluorescent
screen shall be approximately 20 mm in diameter and shall be of a cal-
cium tungstate medium-speed type, backed with 0°5 mm of aluminium for
electron absorption. The photo-multiplier tube shall be of any type yield-
ing at least 20 amperes per lumen. The photo-multiplier tube volitage
shall be rcgl_ll ated within O-1 percent ( see Fm‘ 5 \

6.11.4 Test Procedure — The X-ray tube focal spot shall be placed 1 m
perpendicularly above the centre of the grid. The diameter of the x-ray
beam at the surface of the grid towards the tube shall be 360 mm ( except
when measuring primary radiation only ).

The grid shall be placed 10 mm below the bottom of the phantom.
The distance from the bottom of the grld to the fluorescent screen shall be
20 mm. The photo-multiplier tube shall be shieided from ionizing radia-
tion and exposed only to the visible light produced by the fluorescent
screen ( see Fig. 6 ). Scattered radiation alone shall be measured when the
5 mm diameter lead shield is placed above the phantom as shown in Fig. 6
with the grid removed, but all other factors remaining the same, relative
scattered radiation will be indicated.

Total radiation /; is measured when the lead shield is removed from
the above phantom With the grld in placc, r I’y will be indicated, and with
the grld removed, Iy will be indicated again. To measure primary radiation
( Ip ) only, a very nairow beam of x-ray must be used. It shall be collim-
ated down to just over the area of the fluorescent screen. The water pha-
ntom, or narrower water container holding the same depth of water, shali
be raised close to the x-ray tube to reduce any effects of scaitered radiation
from the small volume being irradiated ( see Fig. 7 ). With the grid remo-
ved, I, will be indicated.

|15
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STABILISED HIGH VOLTAGE MICROVOLTMETER
SUPPLY UNIT FOR SIGNAL VOLTAGE.

Vs ACCURACY BETTER

MAIN VOLTAGE FLUCTUATIONS THAN 3%

REDUCED 1O LESS THAN %

10

TIME CONSTANT
APPROXIMATELY 3 SECONDS

b R
¢ f -1000v OV ov D-Vs
d 2 1006V 13 i 1 2
L 4
' Cg N ; [} — 8§14l
Ise bd 1 14 1s+1d
= S %
la
— o
UNDER GRIDHOLDER R 22
R23
__.l
v
CONNECTIONS OF PHOTOTUBE
signal current Ry ...... Ry—100 kQ Ry, = 100 MQ
dark current Rigo-vv.. —200 k&  R.3 = 1 MQ should be adjusted

vV
Grid to be measured

Light tight 0'5 mm thick aluminium cover

Calcium tungstate, intensifying screen 20 mm diameter

I

to compensate Iq
1'5 to 5 volts

5 mm thick lead diaphragm with 20 mm diameter aperture

Light tight, 5 mm thick lead lined box
Lead glass, 5 mm Pb equivalent

Photo-multiplier tube with minimal noise and with a minimum sensitivity of 20

Am/lm

‘Tube holder with incorporated voltage divider

F1c. 5 Ggrip TransMisstoN MEASURING EQUIPMENT
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150
[} -——_EAD DIAPHRAGM Smm THICK
APERTURE 50 DIA

LEAD SHIELD Smm THICK MAX
50 DIA

1000
<—L&AD DIAPHRAGM

Smm { EAD

WATER PHANTOM
" GRID
| 20
T _—E
FLUORESCENT SCREEN

PHOTOTUBE] +0-Smm ALUMINIUM

LEADGLASS 5mm Pb EQUIVALENT
300 SQ OR LIGHT PIPE DEVICE

L—BEAM 300 % ~—~LEAD SHIELD

All dimensions in millimetres.
Fic. 6 Set Up FOR MEASURING SCATTERED AND ToTAL RaADIATION

Compute the transmission and thereby, the bucky factor, selectivity
and contrast improvement factor as follows :

T = I'/ll = Transmission,
T, = I'y/I, = transmission of primary radiation,
Ts = I'y/I; = transmission of scattered radiation,

T, = I't/I; = transmission of total radiation,

Bucky factor B = Ii/I}’ = —71_ ,
t
Selectivity 2 = T/ T, and
Contrast improvement factor K = Ty X B = Tp/Ts.
6.11.5 Test Value — The test values shall be as given in Table 2.
6.12 Potter-Bucky Motion and Synchronism Test
6.12.0 A potter-bucky shall be selected and set up in accordance with
Fig. 8 and the method described in 6.12.1 to 6.12.7 shall be followed.
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Grip RaTio

4:1
5:1
6 :1
8:1
10:1
12 : 1
16 ¢ 1
511
Crossed
6 :1
Crossed
8:1

TABLE 2 TEST VALUES

Maxies Bucky FacTor ror
GRIDS

(Clause6.11.5)

MixiyoM SELECTIVITY FOR

MinimMtM CONTRAST IMPROVE-

Grips MENT FacTors ror GRID
Lt A ~— A~ ] - A=
60 kVe 100 kVp 60 kVp 100 kVp 60 kVp 100 kVp
r A ™ A‘—‘—'\ — - N A ~ -~ = ~ A
Orga- Alumi- Orga- Alumi- Orga- Alumi- Orga- Alumi- Orga- Alumi- Orga- Alumi-
nic nium nic  nium nic nium nic nium nic nium nic nium
2) (3) (4 (3) (6) (7 (8) (9) (10) (1) (12) (13)
3-90 - 3°10 —_ 360 — 2°50 — 2°10 — 1:80 —
470 510 370 3-70 500 500 3-10 290 2:30 2'50 2:00 2 00
520 550 400 4-00 590 570 3-60 3-30 2:90 260 2'30 220
640 740 520 520 880 830 510 470 320 310 2:70 2:60
— 850 — 600 — 11'70 — 600 - 360 - 200
760 9-80 640 7-00 1350 1480 810 7:80 370 3-80 3:40 3-30
870 — 780 — 16-30 — 12°2 — 4°20 — 390 —
950 — 7:00 _ 19 90 — 7-00 — 3-90 - 310 —
— 13-10 - 8:30 — 26 90 — 8:30 — 420 —_ 330
13:30 - 1060 — 6557 — 15°60 — 4'90 — 420 —

SI

-
.

9861 - ( Z 2ved ) 079L
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LEAD DIAPHRAGM .@:
Smm THICK -— IHH

L

I

-

NARROW WATER
CONTAINER

LEAD DIAPHRAGM A

5mm THICK—"

LTTITITIY

1
]

Fis. 7 SeT up FOR MEASURING PRIMARY RaADIATION

6.12.1 Obtain a piece of sheet, lead at least 76 mm X 203 mm X
£ e thiole it alat e tha middla Af Ana lanes adoar RAL . 2L 1 .
17U Il WOIUR, Wil a 310t 11 UiT Ipnuuig, vl oniv 1ong CUgc, IvidkKe uic 8iot
13 mm long and from its end into a sharpV as shown in Fig. 9. This piece
may be of some other size as long as its length is greater than two times

LEAD SHIELDS

292 ]: |
A o
. — | S = WOOD STRIPS
I. ——= — = =
GRID SHOWN | /1 CENTRE X-RAY TUBE
IN REST 7 i HERE AT TARGET TO
POSITlON-/( IVJ t FILM DISTANCE IN
- I AGREEMENT WITH GRID
= FOCAL DISTANCE
PENETROMETER—" M .]
(ALUMINIUM STEP WEDGE)""63"-203
All dimensions in millimetres.
Fic. 8 Serring up oF Porter Bucky
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the total travel of the grid. With adhiesive type, tape fasten the slotted piece
of lead to the top of the grid as shown in Fig. 10, Be sure the slot in the
lead piece is directly over the centre of the grid.

ﬁiET LEAD

—13
o |

203

All dimensions in millimetres,

Fi16. 9 SLOTTING OF LEAD SHEET

6.12:2 Place strips of wood across the potter-bucky frame in the direc-
tion shown and arrange the strips of wood to support two lead shields at
least 203 x 355 X 1:6 mm thick as shown in Fig. 8.

6.12.3 Place an aluminium step wedge as shown in Fig. 8 so that one
of its edges will rest on the lead shield. Be sure that the weight of the lead
shields and the step wedge does not bend the wood strips down so that
they contact the grid or grid carriage. If leaded rubber is used as

t—235 ———ad

TAPE LEAD
" T0P GRID
COVER

-
X

SLIY

T———GRID SHOWN IN
REST POSITION

=

| S |

All dimensions in millimetres.

Fic. 10 FAsTENING OF THE LEAD SHEET
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shielding, additional wood strips may be necessary to prevent sagging
of the shielding. It is very important to place the lead shields with respect
to width and opening exactly as shown in Fig. 8.

6.12.4 Place the x-ray tube over the centre of the potter-bucky grid
area and at the proper foral spot to grid distance as shown in Fig. 8.

6.12.5 Place a piece of adhesive tape on the edge of an 180 X 240 mm
cassette with film and mark it in accordance with Fig. 11.

G )

180 x240 CASSETTE

4 3 2 N

1 L AN \

LEAD NUMBERS
-—SO—-‘-—GO——L'-GO"LSO"’J (ALSO ADD EXPOSURE
TIME IN CYCLES)
(EXP 1/4=61

All dimensions in millimetres.

F16. 11 MARKING OF THE CASSETTE

6.12.6 Insert the cassette into the cassette tray with the number 1 mark
in line with the centre indication in the cassette tray clamps as shown in
Fig. 12. Place the cassette tray into the potter-bucky in its proper position
and make an exposure with the potter-bucky energized at the minimum
time recommended for the grid used. Set the x-ray controls so that the
aluminium step wedge will produce light to dark density ranges on the
radiograph. ‘

6.12,7 Move the cassette so that mark number 2 is in the centre of the
tray as shown in Fig. 12 B and make another exposure of increased time.
Continue in this manner as shown in Fig. 12 C and 12 D until the appro-
priate time range is covered.
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ﬁwﬂ—]

P S

—

o)

LOCK RELEASE

| IR |
12A Position 1

12B Position 2
Fic. 12 Various CASSETTE POSITIONS — Contd

27



IS : 7620 ( Part 2 ) - 1986

1

I
| S —————
3
— v L M ¥ g
A
LOCK- “-RELEASE
u
—_

12C Position 3

12D Position 4
Fio. 12 Various CAsSETTE PosiTion

tn
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6.12.8 Devclop the film.

6.12.9 Film Interpretation — The radiograph produced by this test will
indicate the following,

6.12.9.1 The grid speed will be indicated bythe image of the slot
in the piece of lead which was secured to the moving grid. The distance
travelled during the exposure can be measured and, also the pulses of x-
ray can be counted as a check against the timing indicated numerically
on the film. The varying densities produced by thestep wedge allow
observation for grid lines and synchronization at specific time settings as
indicated on the radiograph.

6.12.10 Test Value — The grid speed shall be such that all exposure
times for which the potter-bucky is specified, the film exposed under the
aluminium step wedge will be free of grid lines when the film is observed
on an illuminator at a distance of 300 mm or greater.

6.13 Rody Section Devices

6.13.1 Exposure Angle and Location of Objective Plane — The test object
( see Fig. 13 ) shall consist of a sloping sheet of 0'5 mm thick lead foil
containing a narrow slit marked off with opaque wires across the slit at
10 mm intervals in height. A horizontal sheet of lead foil shall be perfora-
ted with a single hole, R in line with the slit. The angle of the slope shall
be 45 degrees.

Place the x-ray tube so that the central ray is perpendicular to the
objective plane. Place the test object on the table topso that the single
hole (R) is directly in line with the central ray. ( For a rectilinear
motion, the slit can be at right angles to the! movement, thoughit is not
necessary.

An exposure shall first be made with the central ray perpendicular
to the objective plane; this will record an image of the single hole and of
the slit. The tube and system shall then be moved to any angle, the hole
covered with lead, the hole uncovered; and a tomographic exposure made
with the system adjusted to obtain the maximum exposure angle possible.
The resulting radiograph should appear similar to that shown in Fig. 14
and shall be used to obtain the height of the plane (E). The exposure
angle shall be derived from the excursion of the image of the hole to each
side of the central dot ( see Fig. 15 ), where tana; = (D—#) §1/4h tangy,=
(D—h) 32]Ah.

29



IS : 7620 ( Part 2 ) - 1986

The same procedure with a pluridirectional system will produce a
radiograph similar to Fig. 16 which shows the trace of the dot with an
elliptical motion. It may be shown that the exposure angles for the long
and short axis of the ellipse can be derived in the same manner as for a
rectilinear motion. The exposure angles for a more complex system can
be obtained in the same manner.

E
]
1
|
!

i
l
T
I TOP VIEW
|
| /
I ////
|
t R'\ // /
i / Y
‘ LI Pai
|
h 7/ H
‘, ; \Q, :2./
; AT
; / b
| ! :
i | 4
]SIDE VIEW END VIEW

Notr — A sheet of lead covers the top and sloping side. The top has a small
hole, R, in line with the slit. A slit shown in the end view is crossed by radiation
opaque wires spaced 10 mm apart.

Fic. 13 Turee Views or Tesr OBjecT FOR DETERMINING THE EXPOSURE
ANGLE AND THE LocaTioN oF THE OBJecTIVE PLANE

Fic. 14 ToMmocraM OBTAINED FOR RECTILINEAR MoTioN WITH THE
Test OBjEcT SHOWN IN FIG. 13
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Note — The values of £, §; and §» and the position E are obtained from a
tomogram such as in Fig. 14. 4 is the focus-film distance and T is the distance
moved by the focus during exposure.

Fig. 15 DiacraMm rorR DETERMINING THE EXPOSURE ANGLE FOR
Rectiinear MoTiON

VRN

——S

~N L

Fig. 16 TomograM OBTAINED FOR ELLipTICAL MOTION WITH THE
Test OBJECT SHOWN IN F1G. 13

6.13.2 Test Value
P T 30 B B s ¥ ISy PN Ly o] Ty -~ = ~
V1341 UOJECLIUE pl,un.s ——: 1< mcasur O . < sia (ol
cide with the indicated objective plane of the equipment within + 2-5
mm.

mad aliaatica nla
U O0jeCuve piaiil

6:13.2.2 Exposure angle — The measured exposure angle shall coincide
with the indicated exposure angle ( if any ) of the equipment within £ 3

degrees.
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6.13.3 Flatness of Plane — An estimate of the flatness of plane shall be
made after the objective plane has been located in accordance with Fig. 13
as follows:

a) Insert any convenient wire mesh screen ( flat over its entire
surface to approximately 1 mm and of the same approximate area
as the cassette ) into the beam at the exact height of the plane
as determined from Fig. 13 and exactly parallel to the table top.

b) Make a tomogranph,
7/ =] f it

If the resuitant radiograph displays the mesh in even focus, the plane
is flat. If the plane curves, place the screen approximatly 2 to 3 mm lower
and make a second tomograph and then 2 to 3 mm lower and make a third
tomograph. Inspection of the three tomographs will establish the degree and
direction of the plane curvature.

6.13.3.1 Test value — The measured flatness of plane shall be in
accordance with the manufacturer’s specified tolerance for flatness of
plane.

6.13.4 Tomographic Resolution — The tomographic resolution shall be
determined by a test object consisting of a number of wires varying in
diameter from (-2 mm to 3'0 mm separated by their own diaumeter
( see Fig. 17 ). ( A simple way to obtain the wire separation is by winding
two wires close together on a flat sheet of x-ray transparent material and
then to remove one wire. The remaining wirc on one side of the sheet can
then be fixed with a cellulose adhesive, The wire on the other side is then
removed by shearing in the adhesive. The wire on the other side is then
removed by shearing in the edges of the sheet ).

The test object shall be placed atan angle so that each wire intersects
the objective plane., A tomograph shall be taken at total exposure angle of
30 degrees, with the objective plane 100 mm above the table top and with
the movement at right angles to the length of the wires. The minimum
diameter of wires which can be seen shalil be taken as the measure of the
tomographic resolution. This test also evaluates the mechanical stability
and alignment of the apparatus.

6.13.4.1 Test value — The measured tomographic resolution shall be
in accordance with the manufacturer’s specified tomographic resolution
capabilities.

6.13.5 Section Thickness

6.13.5.0 The scction thickness shall be determined in accordance with
the method given in 6.13.5.1.
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3.0

Note — Wires from ("2 to 3 mm in diameter in groups of five are suitable and
the support can be about 100 mm wide. Parallelled radiation-opaque wires are
spaced by a distance equal to their own diameter. Wire solder can be used for | to
3 mm diameters.

Fia. 17 Trst Osject ror DeETERMINING ToMoarAaPHIC RisoLUTION
oF T Firm

6.13.5.1 Test method — Wind a cylinder 70 mmin diameter and
120 mm long with wire to a pitch of 10 mm ( see Fig. 18A ). The wire shall
be I mm in diamecter.

Tix a wire coaxially in the cylinder to serve as a test for alignment of
focus with the object and film axis.

Place the cylinder so that itslong axisis normal to the objective plane
which should intersect the cylinder.

Take tomographs at the tvpical operating limits of the tomographic
system.

The tomograph will show a portion of one of the wire turns more
distinctly, and the area can be related to 360 degrees and the 10 mm pitch.
For example, 90 x 10/3 602:5 mm ( see Fig. 18B ).

The 10 mm pitch can be increased to 20 to 40 mm where conditions
are such that a whole turn of the 10 mm pitch is resolved.

Section thickness = arc x pitch/360.
6.13.5.2 Test value — The measured section thickness shall be within

4= 80 percent of the section thickness specitied by the manufacturer,
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!
1
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;________J 10

120 N

po—70 s
I

\
/CENIRAL WIRE \

\

18A Cylindrical Test Object with 18B Resultant Tomogram
a Helically-Wound Wire of 1 mm
or More Diameter

Fic. 18 Section ‘THicKNESS' TEST OBjECT PosiTivE CONTRAST

6.13.6 Magnification Test — The magnification of the image in relation of
the object can simply be derived from the following formula:

focal spot to film distance
focal spot to objective plane distance

Magnification M =

6.14 Test on X-ray Table — The conformity with the requirements
of 3.11.2 shall be verified by fluoroscopic checkwith x-ray. The conformity
with the requirements of 3.8.3 shall be checked with actual application of
chemicals and dyes to be made on table and clean it with soap water.
Conformity with 3.8.4 shall be checked with the radiation output measure-
ment with suitable dosemeter. The conformity with the requirements
of 3.8.8 shall be checked by actual measurement by means of a spring
balance.

6.15 Test on Tube Stand — Compliance with the requirements of 3.9.4
shall be checked by measurement with spring balance,
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BUREAU OF INDIAN STANDARDS

Headquarters:

Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELH! 110002

Telephones: 331 01 31, 3311375 Telegrams: Manaksanstha
({ Common to all Offices)

Regional Offices: Telephone

Centrai : Manak Bhavan, 9 Bahadur Shah Zafar Marg. 331 01 31

NEW DELHI 110002 3311375

*Eastern : 1/14 C. 1. T. Scheme VII M, V. |, P. Road. 36 24 99
Maniktola, CALCUTTA 700054

Northern : SCO 445-446, Sector 35-C, 218 43
CHANDIGARH 160036 316 41
41 24 42
Southern : C_ . T. Campus. MADRAS 600113 {41 25 19
41 29 16
tWestern : Manakalaya, E9 MIDC, Marol, Andheri ( East), 6 32 92 95

BOMBAY 400093

Branch Offices:.

‘Pushpak’, Nurmohamed Shaikh Marg, Khanpur, 26348
AHMADABAD 380001 2 63 49
tPeenya Industrial Area 1st Stage, Bangalore Tumkur Road (38 49 55
BANGALORE 560058 38 49 56

Gangotri Compiex, 5th Floor, Bhadbhaca Road, T. T. Nagar, 6 67 16
BHOPAL 462003

Plot No. 82/83. Lewis Road, BHUBANESHWAR 751002 5 36 27

53/6. Ward No. 29, R.G. Barua Road, 5th Byelane, 33177
GUWAHAT! 781003

5-8-56C L. N. Gupta Marg ( Nampaliv Station Road ). 231083
HYDERABAD 500001

R14 Yudhister Marg, C Scheme, JAIPUR 302005 { g

117/418 B Sarvodaya Nagar, KANPUR 208005 { 210808

Patliputra Industrial Estate, PATNA 800013 6 23 05

T.C. No. 14/1421. University P,0O., Palayam /62104
TRIVANDRUM 695035 162117

Inspection Offices ( With Sale Point ):

Pushpanijali. First Floor, 206-A West High Court Road, 25171

Shankar Nagar Square, NAGPUR 440010
Institution of Engineers ( India ) Building, 1332 Shivaji Nagar, 5 24 35

PUNE 411005

#Sales Office in Calcutta is at 56 Chowringhee Approach, P. O. Princep 27 68 00
Stwreet. Calcutta 700072 )

tSales Office in Bombay is at Novelty Chambers, Grant Road, 89 65 28
Bombay 400007

tSales Office in Bangalore is at Unity Building, Narasimharaja Square, 22 36 71
Bangalore 560002

Reprography Unit, BIS, New Delhi, India



	r: ( Reaffirmed 2001 )


