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lntroductioh

(This introduction is not part of ANSI N322-1997, American National Standard Inspection, Test, Construction, and Per-
formance Requirements for Direct Reading Electrostatic/Electroscope Type Dosimeters.) .

This standard is the respoasibility of the Accredited Standards Committee N42 on Radiation Instrumenta-
tion. Committee N42 delegated the development of this standard to its Subcommittee N42.RPI. Drafts were
reviewed by Committee N42, Subcommittee N42.RPI, and other interested parties, and the comments
received were utilized in producing the standard as finally approved The standard was approved by N42 let-

ter ballot of 2 April 1996.
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2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply:

ANSI N42.17A-1989 (Reaff 1994), American National Standard Performance Specifications for Health
Physics Instrumentation—Portable Instrumentation for Usc in Normal Eavironmental Conditions.!

ANSI N42.17C-1989 (Reaff 1994), American National Standard Performance Specxﬁcauons for Health
Piysics Instrumentation—Portable Instrumentation for Use in Extreme Environmental Cendmons.

ICRP 26 (l 9_77), Recommendations of the Intemat:onal Commxsslon on Radxolqucal Protqctxon.
ICRU 33 (1980), Radiation Quamiﬁes and Units.? |
ICRU 39¢ !985). Determmauon of Dose Equivalents Resulting from Extemal Radnat:on Sources
ICRU 43 (1988), Detcnmnanon of Dose Eqmvalcms from External Radiation Sourccs—Part 2.
ICRU 47 (1992), Measurement of Dose Eqmvalcnts from Extemal Photon and Elcctron Radxauons ’

IEC CD 45B (1991), Direct readmg personal dose cquxvalent and/or dose equlvalem rale monitors for X,

gamma and h:gh-enagy beta radiations.
ISOIDIS 11934 (1996) Indirect or direct rendmg capacnor-type pocke( dosemetcrs s

N‘IS’I' Specml Publication 250-16—1988 Cahbrauon of X-Ray and Gamma-—Ray Measuring Instrumems 6

3. Deﬁnmons
. Forthe purpose of this documem. the followmg deﬁnmons apply to this standard:

31 nhsorbed dose (D): The quouent of dé by dm, whcre dé is the mean energy. lmparted by ionizing radi-

" ‘ation to: manet of mass, dm

32 accuracy: The drfference between the. mdlcawd. or measured value, of a quanuty and the conventional
* true value of that quanuty .

3.3 calibration: A quantitative determmanon under a controlled set of standard lcst conditions, of the indi-
cation glven by a dosimeter as a funcuon of the value of the quanmy to be measured. .

‘mxmnmmmmwmwsmm 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA. _
3lCleubhum-s-elvuhNeﬁwEsevnerSm.hc GSSAVmeoﬁheAmamNewYork.NY 10010; USA.

3ICRU publications arc available from lnternational Commission on Radiation Units and Measurement, 7910 Woodmont Aveaue, Suite
200, Bethesda, MD 20814, USA.

‘ECMnMMMECSMWC&MBl 3, rue de Varembé, CH—1211, Gendve 20, Switzeriend/
Suisge. [EC publications are also available in the United Stoles from the Sales Department, American National Standards institute, 11

West 42nd Street, 13th Floos, New York, NY 10036, USA. _
‘BOMMRWM&BOCMWC&M&IM&MCH—IZH Gestve 20, Switzer-
land/Suisse. ISO publications arc also available in the United States from the Sales Department, American National Standards Institute,

11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
mmmmmmwmhmurmmusmdmwmx

20234, USA.
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34 calibration factor (N): The conventional true valﬁe of the quantity the dosimeter is intended to measure,
V, divided by its indication, M, (corrected as necessary). )
3.5 calibration quantity: A physical quantity used to establish the characteristics of the dosimeter.

3.6 conventional true value of a quantity: The best estimate of 2 quantity determined by a primary or sec-
ondary standard, or by a reference instrument that has been calibrated against a pnmary or secondary stan-

dard. -

37 durect reading dosimeter, electrostabeldecn'oscope type: An instrument that permits the direct read-
ing of the quantity of radiation present at the instrument. Such a device consists essentially of an ionization '
chamber connected to a capacitor. This capacitor is charged by a charging device, which may or may not be
built into the dosimeter. Exposure of the instrument to ionizing radiation causes a decrease in the charge on
the capacitor causing a charge indicator to deflect with respect {0 a calibrated scale that is observable

through a self-contained optical system.

3.8 dose equwalent (H): The product of the absorbed dose and the quahty factor, Q, at the point of interest
in tissue. )

H =‘DQ
The shallow and dccp dose equivalents, H,, and Hy, arc the dose equivalents at dcp(hs in tissue of 0.07 mm
and {0 mm, respectively.

The ) -unit of dose cquivalent has been given the special name of sievert (Sv).

1 8Sv=1Jkg
NOTE—For photon and beta radiation, Q may be taken as equal to unity for external radiations..

" 3.9 geotropism: Sensitivity of an instrument to gravitational effects resuiting .in a change in mdlcauon
depending on the onentnuon of the msl.rumenl with respect to the ground surface, .

N=VM

The callbranon factor is dimensionless when the instrument indicates the qunntxty to be measured A dosim--
cter that mdu:at& the convcnuonal true value con'ecdy has a calibration: factor of one.

NOTE—The reciprocal of the callbﬂnun factor is equal to the response under refetence conditions. The ruponse refers
to any conditions prevailing; however the calibration factor refers to the reference conditions only.. -

3.10 kerma (K): The quotient of dE;, by dm where dEu. is the sum of the initial kinetic energies of all the
charged ionizing particles liberated by uncharged ionizing particies in a material of mass dm. The SI unit of
kerma is the J/kg. The special name for the unit of kerma is gray (Gy). .

NOTE—Air kerma free-in-air, K, should now be used in place of the quantity exposure. The re!nuonshnp between expo-
sure and air bem- is expressed in the following equation:

K, =X {(W/e)(1—g)]

where

X s the exposurc expressed in the SI units of C/kg
W/e is the mean energy per unit charge expended in air by electrons (J/C)
g is the mean fraction of the energy of the secondary electrons that is lost to bremsstrahlung.

Copyright © 1957 IEEE. Al rights reserved.
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American National Standard
Inspection, Test, Construction, and

Performance Requirements for Direct

'Reading EIectrostatlc/EIectroscope
Type Dosmeters |

1. Overview '

1. 1 introduction

The direct reading dosxme!er is an instrument whose principles of operation can be briefly described as fol- .
lows. The direct reading dosimeter is composed of a capacitor connected in parallel to an electmscope .

where the moving element of the electroscope forms the ceatral electrode of an ionization chamber. The jon-

ization chamber is the radiation-sensitive element of the device. The capacitor and electroscope are usually .

charged in the range of 140 V 10 195 V using an external charging unit. When the dosimeter is exposed to
. ionizing radiation, the electrical discharge of the capacitor is proportional to the total quantity of radiation
deposited in the ionization chamber. The change in total electrical charge is measured by the electroscope A
visual dxsplay is provided by a built-in optical system that can be read using ambient light. This type of

instrument can be manufactured lo measure exposure, absorbed dose, or dose equxvalem. The visual dlsplay :

will indicate a rudmg of the appropriate quantity.

1.2 Scope

The standard describes the requirements and the procedures for testing such dosimeters against these
requirements. The requirements apply to direct reading dosimeters designed to measure jonizing clectro-
magnetic radiation (X-rays or gamma-rays) with energies from approximately 20 keV to 3 MeV. Procedures
are given for the testing of any accessory electrometers or chargers that are used .to operate, or read-out,
these dosimeters.

1.3 Purpose

The purpose of this standard is to specify the procedures to be used for the inspection, test, construction, and
performance evaluation of direct reading dosimeters of the electrostatic/electroscope type.

Coovricht © 1997 IEEE. All rights reserved. 1




AMERICAN NATIONAL STANDARD INSPECTION, TEST, CONSTRUCTION, AND PERFORMANCE

7 . :
Using the currently accepted values for W/e and g, K, is computed by multiplying X by 34.08 and 34.02 J/C

for %Co and 137Cs, respectively. The conversion factor for x-ray beams used in this standard is 33.97 J/C.

tity.

3.12 reading: The value of the quantity indicated by a dosimeter. This indication may be displayed in terms
of the prevxously used quantity, exposure, which can be converted to the SI quantity, air kerma, by the proce-
dure given in the definition for kerma in 3.10. _ _

3.13 reference conditions: Thc reference conditions that represent the set of influence quammu for which
the calibration factor is valid without any correction. -

3.14 response (of a dosisneter): The quotient of the indicated value of the quantity read from the dosimeter
1o the convenuonal true value of this quanuty ,

3.15 standard test conditions: The standard test conditions that represent the range of values ofa set of .

influence quaantitics under which a calibration.or determination of response is carried out.

NGl'B—ldully. calibrations should be performed under reference condmons However, this is not always achievabie in

practice (e.g., for atmaspheric pressure or ambicnt temperature), Therefore, a small interval around the reference values

_ can be used. The deviations of the calibration factor from its value under reference conditions caused. by these deviations
should, in principle, be corrected for. The uncentainty required serves as a guide as to which influence quantity has to be
" taken mto account by an explicit comrection, or whether its effect may be incorporated into the unccrtmmy

3,16 type test: A test of one or more devices made to determine whether lheu' design meets certain specifica-
tions. , .
~ 4. Conditions for dosimeter tests

4.1 Reference éonditions-

The required reférence conditions for environmental (or mﬂuence) quanutxes. such as temperature and atmo-
sphcnc pressure, as well as those other qunnuues that may affect the performance of thc mstrumems are

glven in Table. 1.

Table 1—Refererice and standard test conditions

Quantity | Reference conditions Standard test conditions
Ambicnt temperature 22°C 20-24°C '
 Relative humidity 6% 50-75%
Atmospheric pressure 101.3 kPa | 70-106 kPa
Stabilization time < 10 min < 10 min.
'Reference point | Effective center Effective center
(as marked) (as marked)
Reference radiation Bigs 137¢,
Reference phantom 30x30x 1Scm PMMA | 30x30x 15 cm PMMA

Copyright © 1997 IEEE. All rights reserved.
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4.2 Standard test conditions

Reference conditions are given in Table 1. Except where otherwise specified, the tests in this standard shall
be carried out under the standard test conditions given in Table 1. For the tests not carried out under standard
test conditions, the values of the relevant influence quantities at the time of the test shall be stated. If possi-
bie, appropriate corrections shall be made to give the response under reference conditions.

For those tests intended to determine the effects of variations in the quantities given in Table 1, all other

quantities should be maintained within the limits for standard test conditions given in Table 1, unless other-
wise specxﬁed in the test procedure concerned. : . _

4.3 Position of instrument for purposes of tests

For a]l tests mvolvmg the use of radxauon. the reference point of the instrument shall be placed at the pomt_ :

where the conventional true value of the quantity to be measured is known and in an orientation with respect

to the direction of the radiation field as specified by the manufacturer. In most cases, the dosimeter is posi-

tioned so that the radxauon impinges perpeadicularly to its principal (long) axis, with the principal axis per-

pendicular to the ficor. The dosimeter fiber image postion shall be determined by holding the dosimeter .
* vertically. This shall niot be requxrcd for testing of geotropism and the variation of response with the angl: of

" radiation incidence.

4.4 Minimum irradlaﬂon time

If a radioactive source is used for irradiations, then the dunnon of the irradiation must be at least 100 times .

longer than the time necessary for transporting the source to the exposure posmon If this condition cannot

be met, the change in the radiation quantity. due to thc movement of the source to and from the exposure .

posmon shall be taken into account. -

45 Spec!ﬂcations of Irradlatlon room and callbration devices |

Thc |rradianon room should contnbute a mtmmal scatter component to the cahbrauon radiation. The degree
of scatter should be evaluated by computer modeling or. measurement of the deviation of the source intensity
vs, dnstance from the i inverse distance squared dependence expected froma pomt source.

The madxauon table and supports should be made of low atomic number materials with a minimum mass.

The distance between dosimeters. should be such thal the range of madmgs does not vary by more than 3% of :

the mdncatcd value.

4.6 Use of phantdms |

Irradiations dwcnbe.d in these tests need not always be performed with the dosimeter mounted on a phan-
tom, but may be done more simply, free in air. The imadiation geome!ry shouid be consxstent with the

intended application of the dosimeter.

4.7 Dosimeter charging pin

The charging pin of the dosimeter shall always be shorted electrically to the barrel of the dosimeter after
charging. Shorting the charging pin to the dosimeter barrel ensures that any electrical charge left on the
charging pin has been discharged. With this parasitic influence removed, the results of tests on the ionization
chamber-electrometer system will be unambiguous. If the pin is not shorted, it could have adverse cffects on

Copyright © 1997 IEEE. All rights reserved.
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many of the radiological and electrical lﬁknge tests specified. Pin shorting may cause the fiber image to
shift on most low range, less than 500 mrem (5 mSv), dosimeters. For accurate measurements, this shift is
taken into account by determining net indications. When shorung the charging pin, care shall be exercised 1o

avoid closing the dosimeter charging switch.

5. Quantities and units for radiations in specifications and tests

5.1 Radiation quantities and units specified and measured by dosimeters

The quantity of radiation indicated by many direct reading dosimeters is exposure. The units indicated on the
scales of many direct reading dosimeters are roentgens (R) or milliroentgens (mR). This standard gives spec-
ifications and procedures for testing direct reading dosimeters that make use of quantities that are recom-
mended by the International Commission on Radiation Units and Measurement (ICRU) and are consistent
with Systéme International d'Unités (SI) notation. SI units are indicated, followed by conventional unns in

parentheses.

The basic fadian’on quantity s'pcciﬁcd is air kerma and the unit of this quantity 1's the gray (or one Joule per

kilogram). Methods for the conversion from exposure to air kerma, and relanonshups between thc units of
roentgens and grays have been provided in thc kerma definition 3.10. .

6. Specifications and test requirements

6.1 Genera'l

The following subclauscs are intended to specify the gcneral requircments expcc:ed of dosxmcters along
with the tests to verify the specifications. : .

6.1.1 Wofkmanshlp

: Reqmremem—'l‘hc dosimeter shall be inspected for care in assembly. quality, exterior finish, proper mark- |

ings, and the absence.of pits, cracks, discoloration, burrs, sharp edges, or other surface flaws. The interior .
features, such as ahgnmem of the fiber image with scale markings over the fun length of the scale, legibility
of the scale, and engravings shall be inspected to determine defects, which | mny detract from the’ readabxhty

or accuracy of the ddsimeter.
Tesi—Make a visual inspection of‘completedAdosimtus.

. 6.1.2 Markings

" Requirement—The scale of the dosimeter shall be marked in appropriate units. The scale shall indicate the -

unit used and be divided into at least ten and not more than 25 divisions.

Test—Make a vxsual inspection.

Regquirement—Each dosimeter shall be provided with a unique serial number, or identification, for recording
purposes.

Test—Make a visual inspection.

[ Copyright © 1957 IEEE. All rights resarved.
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6.1.3 Clip

Requirement—The dosimeter shall be equipped with a clip for the purpose of holdmg it to the user’s attire.
The clip shall be affixed to afford resistance to removal and rotation. The clip shall be operational after open-
ing and closing SO0 times and then shall hold to a cotton cloth, approximating the thickness of conventional .

shirt fabric, with an applied force of 9.5 N (1 Ib).

Test—The clip shall be opened and closed 500 times at a rate of one cycle per second. The dosimeter shall be
attached to a cotton cloth, approximating the thickness of conventional shirt fabric, with the clip. The dosim-
eter shall be held in a fixed position while pulling on the cloth with a spring force gauge indicating a force of
approxlmately 9.5 N(1Ibf). The dosxmetet shall remain auached to the cloth while withstanding 9.5 N (1 lbf)

6.2 Optical system
6.2.1 He.éoluﬁoh

Reqzdminent——']'hé'bptical system of the dosimeter shall permit the electroscope fiber image to be clearly
resolved relative to the scale division, over the entire scale. ‘ , '

Test—The dosimeter shail be exposed to an lllummauon of 55 lux (5 fc) from a dlffuse source at the chnrg
ing end. The focus and contrast of the fiber and reticle shall permit resolution of readings to wnh 2% of fuil

scnlc across the entire scale.

6.2.2 Fiber lmage onentatlon

Requzremenr—'l'hc image of thc ﬁbcr shall appear as a line pmllcl lo the scale markmgs to thhm 2% of full
scale.

Test—The charging potential shall be adjusted so that the image of fiber coincides mth the bottom of any
-major scale division. The distance between the image of the fiber and. the top of that same major division

“shall not be greatcr than 2% of full scale.

6.3 Charging and readmg
; 6.3.1 Requirements for dosimeters

Specxﬁc physncnl dimensions for dos:mctcrs are given in these specifications.to ensure compatibility with
chargcrs A dlagram shown in Figure 1, indicates the positions for the specxﬁed dimensions.

Copyright © 1997 IEEE. All rights resarved. 7
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NOTE—Dimeasions in inches and millimeters. Original dimensions in inches.

Figure 1—Dimensions applicable to dosimeter and charger
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6.3.1.1 Zero set voitages
Requirement—The voltage required for zero st shall be in the range of 140-195V.

Test—Connect a high impedance voltmeter to the output terminals of the dosimeter charger. Charge a dosim-
eter to zero with this charger. Maintain the dosimeter’s force on the charger to assure that the dosimeter
switch remains closed while reading the voltage. The voltage reguired to adjust the dosimeter to zero shall
be greater than 140 V and less than 200 V. The full-scale voltage is expected to be at least 90 V. The polarity
for this vollage shall be verified to be posmve for the center pin thh respect to the barrel.

6.3.1.2 Distance to charging electrode

Requirement—The distance from the end of the exposure meter to the charging electrode in the chargmg
position shall be 5.59 mm + 0.76 mm (0.22 in+ 0.03 in) in the cha.rgmg position and 3.81 mm (0.15 m) min-

imum in the normal position.

Test—Make a mechanical inspection and verification of dimensions.
6.3.1.3 Force to clese smtch in doslmeter

Reqummm—'me chargmg electrode shall make electrical contact with the internai clectrometer under an
applied force of from I'I.N (2.5 lbf) to 25 N (5.5 lbf) overa temperature range of 10°C 1o 50 °C. .

Tests:

a) Under .rtandani test conditions for temperatire—Charge the dosimeter. With a force gauge, . whose

" Observe the scale reading. The fiber image shall remain on scale.

Apply appmxlmalcly 25 N (5.6 1bf). to the doslmeter chargmg pm and observe the scale ncndmg ‘

again. The fiber image shall disappear.

b) Under tempemtum extremes—-Under temperature extremes. a specxal test ﬁxture is rcqu:red It must

include a spring force gauge and respond to a change in capacitance. when.contact is made between
the charging switch and innier electrode of the dosimeter. Ramp the chamber temperature as quickly-
as possible to —10 °C £ 2 °C and hold for 2 h. While-at the test temperature, actuate the force gauge
until capacitance meter reads that a connection is made by the dosimeter internal charging swnch

The force required for connection must be between 9-27 N (26 Ibf). Ramp the chamber tempera-
ture as quickly as possible to +50 °C.+ 2 °C hold for 2 h. Repea( the force test for comphance at this

temperature.
6.3.1.4 Charging recess diameter

Requuzment—'mc diameter of the charging recess shall be 9.27 £ 0.13 mm (0. 365 %0. 005 in).to a depth of

at least 4.83 mm (0.190 in). The diameter of the chm'gmg recess shall be a minimum of 9.14 mm (0.36 in) to
adepdnot‘atleast660mm(026m) _ _

Test—Make a mechanical inspection and verification of dimensions.
6.3.1.5 Outside diameter
Requirerent—The dosimeter shall be cylindrical and shall have an outside diameter on the portion that

inscrts into the charger, of 15.9 mm (0.625 in) maximum and 12.57 mm (0.495 in) minimum. The remaining
portion shall have a diameter, exclusive of the chp and marking, of 18.0 mm (0.709 in) maximum.

Test—Make a mechanical inspection and verification of dimensions.

Copyright © 1997 lEEE.Alriﬁhtsmomd.
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6.3.1.6 Length

Requirement—The dosimeter shall not exceed 15 cm (6 in) in length.
Test—Make a mechanical inspection and verification of dimensions.
6.3.1.7 Center electrode diameter

Requirement—The charging electrode shnli have an outside diameter of from 1.02 mm (0.04 in) to 2.54 mm
(0.10 in). If it has a tubular construction, the electrode shall have a wall thickness of at least 0.25 mm .

(0.01 in), and the tube shall have a closed end. .
Test—Mecchanical inspection and verification of dimensions.
6.3.1.8 Electrode concentricity

Requirement—The charging clectrode shall be coaxial with the charging receptacle to_within 0.13 mm
(0.005 in).

Tesi—Make a mechanical inspection and verification of dimension.

© 6.3.1.9 Change in indication after charging

Requirement—TFiber d(:ﬂecﬁbn occurring when the instrument is disconnected frpﬁ the charging source

shall not exceed 2% of full scale.

Test—Upon the completion of charging and adjusting the dosimele;l to zero scale reading, the pressure on-

the dosimeter charging switch shall be released. The dosimeter shall then be removed from the charging

receptacle. The charging clectrode of the dosimeter shall then be electrically shorted-to the barrel of the
dosimeter and the scale re'a'ding'again observed. The difference in reading shall not exceed 2% of '-fqll scale;

6.3.1.10 Electrical leakage -

period of 48 h. This req_ujrcxﬂeht applies aver o temperature range of ~10 °C'to 50 °C..

Test—Charge the dosimeters (o zero reading and place into an gnviroﬁmentaiicﬁamber. Ramp the chamber as
quickly as possible from -10 °C to +50-°C +2 °C, while maintaining relative humidity at standard test con-

ditions. Hold the dosimeters in this environment for 48 h, and then restore temperature to standard test con- -

ditions. Remove the dosimeters from the chamber and read.
6.3.1.11 Electricai leakage after heavy iradiation
Requiremens—The electrical leakage for dosimeters after heavy irradiation shall not exceed:

a) Two percent (2%) of full scale while under standard test condition during the first 4 h after exposure..

b) -Five percent (5%) of full scale during the first 48 h after exposure under standard test conditions.

¢) Ten percent (10%) of full scale after 5 days at 50 °C + 2 °C. Readings are to be taken after dosime-
" ters return to room temperature. The test of this requirement directly follows the 48 h test period

described above.

Test—The dosimeters shall be exposed to a total value of air kerma of 20 Gy at a rate of | Gy/ 10 10 Gy/h.

Within 10 min after the appropriate exposure, charge the dosimeters to zero. Store the dosimeters under stan-
dard test conditions foc the 4 h test period and then read. Store and read the dosimeters again after 48 h while

10 Copyright © 1997 IEEE. All nghts reserved.
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under standard test conditions. Immediately after this 48 h test, the dosimeters shall be recharged to zero
indication and placed into an eavironmental chamber. The chamber shall be ramped to 50 °C 12 °C while
maintaining relative humidity at standard test conditions. The dosimeters shall be held in this environment
for 5 days. The chamber shall then be ramped to standard test conditions for temperature, and the dosimeter

removed and read.
6.3.1.12 Charging life

Requirement—Each dosimeter shall be capable of meeting all of the requu'ements of thns specification after
2500 chargmg operations.

Test—A force of approxxmately 18 N (4 Ibf) shall be applied to the dosimeter charging pin for 1s. This force
shall be released for an additional | second. This cycle shall be repeated 2500 times. The dosimeter shall be
fully operational and meet the environmental seal and electrical leakage test after cycling.

6.3.1.13 Effect of humldity

Requzrement—A fully charged dosxmeler shall not discharge more thnn 5% of full scale in 2 days when
exposed to 90% relative humidity at 50 °C for two days ;

Test—Dosimeters shall be charged to zero and then placed into an environmental chamber The chamber s
temperature shall be ramped to 50 °C £ 2 °C, and then the relative humidity ramped to 90% + 3%. They shall
remain in this environment for 48 h, then the chamber shall be ramped to standard test condmons The

dosxmcters shall be removcd from the chamber and read.

6.3.2 Requirements for charger

. The locanons of physxcal dxmensxons specxﬁed in thm subsections are mdncated in. Figure L

Requzremem—A charger is reqmred to set the dosimeter to zero. m-. charger may have a moving; or a fixed,
‘pedestal. The type used depends on the method used io connec( !he dosimeter to the charger either by hand

orbya clampmg arrangement.
Test.—Mechamcal inspection and verification, in addition to electrical tests, is specified here'in;
6. 3.2.1 Charger voitage

Requxremeur-—The charging potential shall be connnuously variable between 100V and 220 V and shall be
“of posxuve polamy at lhe center electrode . . L

’ Te:r-—Connect a high mlpedance voltmeter to a charger s output termmals Measure the voltage and observe
the polanty :

6. 3.2.2 Hand powered moving pedestal

Reqmmnent-—-—The dosnmeter is charged by holding it firmly on the charger pedestal. The overall active beaght
of the pedestal from the top of the charging electrode to the top of the bottormng feature shall be 9.53 mm
1.91 mm (0375 in £ 0.075 m)

' Test—Make a mechanical inspection and verification of dimensions.

Copyright © 1997 IEEE. All rights reserved. n
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6.3.2.3 Self clamping fixed pedestal

Requirement—A ﬁxe_d pedestal may be used in a spring loaded self clamping arrangement for holding the
dosimeter while charging. The overail height of the pedestal from the. top of the charging electrode to the
bottom shall be 7.0 mm + 0.66 mm (0.275 in £ 0.025 in). .

Test—Make a mechanical inspection and verification of dimension.
6. 3.2.4 Force limiting feature
Reqmremem—-As a dosimeter is moved downward aver thc charging contact assembly, forces in excess of

49.5 N (11 1bf) shall cause the dosimeter barrel to bottom with the nonmoving mounting of the chargmg con-
tact assembly. (This applies only to the moving pedestal). For a self-clamping charger, the clamping- feature

" shall limit to 49.5 N (1! 1bf), the amount of force that can be apphcd to the dosimeter electrode.
Test—Make appropriate measurements using a spring force gauge.

6.3.2.5 Chargmg electrode force

Reqmrzment—Thc charging electrode shall be capable of applying a force of between 36 N and 49.5 N
(8 1b to 11 Ibi) to the charging pin of the dosimeter. In no. case. shall it be possnblc to apply more than .

49.5 N (1 lbf) to the chargmg pm of the dosimeter. .
Tasr—Make appropriate mcnsurements.usmg a spnng force gauge.

_ 6.3.2 6 Light svmch force (optional)

: Requzremem—'rhe force rcqulred to activate the hght switch af mcluded) shall be between 1IN (025 lbt') - Uiy o
and 6.8 N (1.5 Ibf). ¥

Test—Make: appropriale feasurements using a spring force gauge.

6327 Pedestal diameter | o

Reqmrzmem—'lhe outside diameter of the charging pednstal shall be 8. 76mm +0.13 mm (0.34in+ 0. 005 in).
Tc:z—M_ake a mechamcal msp_ecuon and vcnﬁcanonpt_' dm_lensm_n. A

6.3.2.8 Charging electrode diameter '

Requirement—The diameter of the contact end of the chargmg clectrode shall be 1.91 mm * 0.64 mm
(0.975 in £ 0.25 in). -

Tess—Make a mechanical inspection and verification of dimension.
6.3.2.9 Charging electrode height

RequimmnF-m charging electrode or ¢ap shall extend above the top of the charging pedestal no less than
0.13 mm (0.005 in) and no more than 1.02 mm (0.040 in). '

Test— Make a mechanical inspection and verification of dimension.

12 Copyright © 1997 IEEE. All rights resarvad.




B

ANSI
REQUIREMENTS FOR DIRECT READING ELECTROSTATIC/ELECTRQSCOPE TYPE DOSIMETERS N322-1997

6.3.2.10 Electrode concenu-ic:ty
Reqmremenx-'l'he charging electrode shall be coaxial with the pedestal within 0.13 mm (0.005 in).
Test—Make a mechamcal inspection and vcnﬁcauon of dimension.

6.3.2.11 Light switch travel

Reqmmment——'l'he light shall be turned on when a dosimeter is placed in position on the charging contact

) assembly and is moved dawnwnrd a distance no greater that 3.18 mm (0.125 in).

d‘-p PR Se
Test——Mech:_xmcal mspcchon and verification of dimension.

63.2.12 Charglng’ recess

Requirement—If the pedestal is recessed in a well, (he minimum inside diameter of the charging socket well
shail be 16 mm (0.630 in).

Test—Mechanical l_nspc_ctmn and verification of dimension.

6.3.2.13 Contact -

Requirement—The contact resistance between any two surfaces desngnated to bc at the same clectncnl
po(enual shall not exceed 1 MQ. :

B Te:t—Venfy usmg an ohmmeter :

AG 3.3 Hequnrements for both dos:meter and cha jer

6. 3 3.1 Contact

Reqmmneru—Dunng the nonml chargmg operation, the dosxmetcr and charger shall provide t‘or electrical
contacts between both the center electrodes and the grounded surfaces, or cases of each. At no time during
the operation shall the contact resxstance between the dosimeter and chargcr exceed | MQ for cach of these.

_contacts.

TE:t—Vérify using an chmmeter.

6.3.3.2 Light

Requxnmem—'me charging unit shall pemut the position ‘of the mdxcatmg clement on the scale of the '

dosimeter to be clearly resolved (see 6.2). If the charger has self-contained ilumination using a battery, this
criterion shall apply over the hfe of the battery utilized.

Test—Verify rgquufement using a power source adjusted to simulate the voltage supplied by fresh and
d_epleted batteries. '

6.3.4 Reading the dosimeter

6.3.4.1 Geotropism

Requirement—A special characteristic of direct reading dosimeters is the effect of gravity on the indicator
(geotropism). This effect is observed as the fiber-image shift when the instrument is held horizontally and
rotated about its optical axis. This shift shall not excced + 5% of maximum scalc value.

Copyright © 1997 IEEE. All rights reserved. 13




ANSI| .
N322-1997 AMERICAN NATIONAL STANDARD INSPECTION, TEST, CONSTRUCTION, AND PERFORMANCE

Test—With the dosimeter charged to midscale and held horizontally, read the dosimeter with the scale
upright and horizontal, rotated 90° in each direction, and with the scale inverted. The change in reading shall
not exceed £5% of the maximum scale value.

6.4 Mechanical integrity

6.4.1 Shock

Requirement—The construction of the desimeter shall be such that, when dropped on a hard ‘wood surface
from a height of 1.5 m, the dosimeter reading shall not change by more than + 5% of full scale. The dosnne—

ter shall be capable of meeting the remaining requirements of this specification glven below, upon comple- _

tion of thls test.

Test—Charge the dosimeter to midscale and do not recharge at any time during the test sequence. Drop the
dosimeter once on each end, and twice on its side, in random axial orientations, from a height of 1.5m to'a
hard wood surface. The dosimeter shail be read after each drop to verify compliance. Upon completion, per-
form tests for cleclncal lcakage, accuracy, and envnronmcmal seal (if applicable) as described in 6.3.1.10,

6.5.12, and 6.6.1.
6.4.2 Immersion (for watertight-specified dosimeters)
Requirement—The dosimeter shall be resistant to the effects of immersion in water at a depth of 30 cm. .

Test—Immerse the dosimeter in water at a depth of 30 cm, for | h. After immersion there shall be no visible
monsture within the dosuncter 'I'hc dosnncu:r shall also meet the electrical leakage requirement of 6.3.1.10.

6 4.3 Temperature eﬂect on mdlcation ‘

Requiremeni—The ﬁber image posmon ina doszmetcr shall not vary by more than + 5% of full scale

. when the dosimeter temperature is changed from standard test conditions to a temperature range from
" 0°C to +50 °C £ 2 °C, wtule keeping - lhe relative humtduy within thc range allowed for stnndard test

condmons.

Tcsx—Charge the dosnmetet to. mldsale at standard test temperature. Change the tempemture of the dosime-
ter to 0 °C'+ 2 °C and hold for 2 h. Read the dosimeter indication at this temperature. Change the dosimeter
temperature to the standard test emperature, hold for 2 h and read the indication. Change the dosimieter tem-
perature to +50 °C £ 2 °C, hold for 2 b, and read indication at this témperature. Restore the dosimeter {o the
_ standard test temperature, hold for 2 h and read. The readings at the test temperatures shall not vary from the
initial or ﬁnal test lempemtun: readmgs by more than +5% of fuill scale _

6.5 Radlological specn‘icatlons and test requirements

ATuts spec:ﬁed herein shall be conducted under the standard test conditions given in Table 1. 137Cs shall be
used unless another radiation is specified by the manufacturer. In that case, the reference radiation shall be

‘selected from Table 2.

14 Copyright © 1997 IEEE. All rights resarved.
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Table 2— Air kerma to dose equivalent conversion factors [Hy/K, (Sv/Gy)]

Radiation type
Conversion factor
Isotope sources
Mlam ' 1.74
Bigs 121
¢ 1.16
Filtered x-ray beams .
NIST beam code Conversion factor
Average energy
(keV) _
20 ’ ©oM30 . 0.42
35 ' M60 ‘ 1.00
53 MI100 1.52
S K " MIs0 . 1.78
ns _ H150 1N

6.5.1 Precision (repeatabllity)

»Requxrzmen:—Exposurc 1o the same quantity of radiation in ldenm:al condmons. mcludmg the same opera:
tor, should not result in the response of any dosimeter deviating from the average reading of all dosxmeters

by more than 5%.

* Test—Set thrce dos:metcrs to have a reading of zero. Irmdlazc them to indicate between 50% and 80% of the

' scale range. Then read and reset them to zero. Repeat the.test 10 times. Caiculate the mean reading, favg: fOr_
cach dosimeter. For any dosimeter, calculate the maximum relative deviation of nny readmg from the mean

using the following formula

= el (Twg)

. 68.5.2 Accuracy

: ni—The response of the dosimeter to !37Cs radiation (or o(her sources of radxanon from Table 1
specified by the manufacturer) shall be within £10% of the quantity of mdmnon dchvered ‘

Test—Select 10 dosimeters and charge them to a zero indication. Usmg 137Cs radiation, or the reference
radiation specified by the manufacturer and selected from Table 1, irradiate the dosimeters with a quantity of
radiation equivalent to 50% of the full scale range within a period of at least 5 min to no more than 100 min.

Read the response of each dosimeter and record the resul(. which shall in each case be within £10% of the

quannty of radiation delivered.

Copyright © 1997 IEEE. Al rights reserved. 15
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6.5.3 Linearity

Requirement—The response of the dosimeter to repeated exposures of the same quantity of radiation (*7cs
or other sources of radiation specified by the manufacturer and selected from Table 1) over its range of mea-

surement, shall be within £10% of the quantity of radiation delivered.

Test—Select 10 dosimeters and charge them to a zero.indication. Using !¥7Cs or the reference radiation
selected from Table 2, if specified by the manufacturer, irradiate the dosimeters with a quantity of radiation
that will produce a reading of 20% of full scale. The time to deliver the radiation shall be at least 5 and not
more than 100 min. Read the response of each dosimeter and record the result. Without recharging the

dosimeters, repeat the exposure to an-identical quantity of radiation, which shall be equivalent to another
20% of full scale increase in the reading. Read and record the result, which should produce a 40% increase

in the reading. Without recharging the dosimeters, repeat the exposures to the same quantity of radiation,

‘which should produce readings of 60% and 80% of full scale. Read and record these results. The response of
any dosimeter in this group shall be within +15% of the delivered quanmm of radiation to achicve the 20%,

40%, 60%, and 80% of full scale readings.
6.5.4 Energy dependence of response

Requiremem—W'thih the stated energy range, specified by the manufacturer, the response of the dosimeter
to radiation energies within the range shall be within $20% of the response (o the same quantity of radiation
delivered by the reference radiation used for calibration (i.e., 3¢y, For dosimeters specificd to cover ener-
gies below 60keV, the response shall be within +25% and $30% of the msponse to the reference rndl.mon

used for accurncy tesung

,Tesr—Pcrsonncl dosxmctcrs tn be tested are to be placcd in contact with, and at thé center of, the from face
. of a phantom made of polymethylmethucrylate (PMMA) mcasuring 30 x 30 x 15 cm. Area monitoring

dosimeters can be tested free in air. If the.quantity of radiation is to be in terms of dose equivalent, then Hy

can be calculated from air kerma, K, with the conversion factors given in Table 2. Using three different

dosimeters, sut.z.csswcly perform the following operations: place one dusimeter on the center of the front.

face of the PMMA phantom. Deliver to the dosimeter a quantity of radiation calculated to give a reading of
between 20% and 80% of full scale. Record the readmg and reset to zero, chcat this opemtxon for all rad:a— '

tions listed in Table 2.

Calcuiatc thc average résponse, R, for the three dosxmeters for each energy using the followmg equanon
R= (measured quantity) / (convenuonally tmc quantity)

The ratio R(E,)IR(EEg glves the response at radmuon energy E; relative to the response at the calibration

» refcrcnce ndiauon (

"~ 6.5.5 Angular depend‘ence of rasponse

Requirement— Within the angular interval from 0° to 60° and using the same quantity of the reference radi-
ation, the ratio of the dosimeter indication at angles in this interval relarive to normal incidénce shall be
within £20% of the values of the ratio of the reading as a function of angle given in Table 2 for 137Cs and
80Co, and vnthm:tSO% for #'Am.

Test—For personnel dosunezers. place the dosimeter to be tested at the center of the front face of the PMMA
phantom described in 6.5.4 at the measurement pomt, P, where the field quantity, K, has been determined.
Area monitoring dosimeters can be tested free in air. Irradiate to give a reading of between 20% and 80% of
full scale with the radiation impinging normal to ’: dosimeter, and recoid the reading. Successively irradi-
ate and read out the dosimeter using the same quantity of radiation at angles relative to the radiation beam
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axis of 15°, 30°, 45°, and 60° using a clockwise rotation, and then repeat the irradiations and readings using
a counterclockwise rotation and the same angles.

Calculate the ratios of the dosimeter readings at angles relative to the indication at 0° and compare to the val-
ues given in Table 3. If the dosimeter is asymmetric, the test shall be repeated by rotating the mounting on
the phantom by 90°, in the plane of the phantom face, relative to the initial mounting.

Table 3—Anguiar test data
Ratio of reading indicated at sngle relative to 0°
Radiation | 5 ¢ | a5 60° 75°
~ source :
| *'am 099 | 097 0.90 0.77 0.51
e K] 1.0 0.98 0.95 0.30
6.5.6 Rate dependencs

Rezjuiremem—’l’he-dosimet'er‘ shall retain the same response through as broad a range of m&inlion rates as -

possible. The deviation in the response should not exceed £10%.

Test—The test shall be carried out using m__ethodé that are consistent with those described in 6.5.2. The aver-
age readings of three dosimeters shall be used to compute the percentage change in response at rates chosen.
* Choose a minimum of two rates corresponding to 20% of full scalein | h and three times the full scale range
in 1 h. The tests may be performed with the dosimeters cither free-in-air or on phantom.

6.5.7 Response to ini;éd rg&iéﬁons i

qum"reri:eni—-‘l'he response of the dosimeter to radiations other than the radiation that the dosimeter is
specified to-measure shall be stated in the documentation provided with the dosimeter.

Test—The test mgti\od uscd to determin the response shall be stated.

6.6 Effects of environmental conditions on radiation fes‘ponse

@ Environmental seal integrity (for sealed dosimeters) D

Requinm?ut—When the dosimetér is irradiated at a pressure of less than 2.7 kPa (20 mm Hg). it 'shaill.
respond to within +£10% of a quantity of a reference radiation selected from Table 2 under standard test con-
. ditions. . : o .

Test—Charge the dosimeter to zcro reading and place in a vacuum chamber. Determine the exposure condi-
tions required to produce a midscale dosimeter reading, without vacuum applied, to establish a reference
reading. Record the reference reading, recharge the dosimeter, and replace in the vacuum chamber. Reduce
the pressure in the chamber to less than 2.7 kPa (20 mm Hg) and maintain for a period of one week. At any
time afier one week, and still at the reduced pressure, reproduce the exposure conditions for the reference
exposure. Return the pressure to standard test conditions, read immediately and record the reading.

Copyright © 1997 IEEE. All rights reserved. ’ 17




ANS|
N322-1997

6.5.2 Effect of temperature during storage

Requirement—The dosimeter shall meet the requirements of this specification after storage at temperature
between ~10 °C and +50 °C + 2 °C while under standard test conditions for relative humidity.

Test—Perform tests for electrical leakage, accuracy, and environmental seal described in 6.3.1.10, 6.5.2, and
6.6.1. The resuits of these tests must successfully pass the specification requircments. The relative intrinsic
error obtained shall be used as a reference. Ramp three dosimeters to a temperature.of ~10 °C £ 2 °C. Hold
for 72 h..Retum 1o standard test conditions for temperature and hold for 1 h. Perform the following tests:
electrical leakage; accuracy (this reading shall be within £10% of the reference value mentioned above); and

y the dosimeters to a temperature of +50 °C 2 2 °C. Hold for 72 h. Ramp.to stan-

environmental scal. Ramp
dard conditions for temperature and hold for | h. Perform the following tests: clectrical leakage; accuracy

(this reading shall be within £10% of the reference reading); and environmental seal.

6.6.3 Effect of temperature during measurement

Requirement—The dosimeter reading shall indicate a value for a quantity of reference radiation measured at

standard- test conditions for temperature and hixmidity that is within £]0% of the value obtained while being .

exposed to the same quantity of reference radiation while at temperatures between 0 °C and +50 °C (2 °C)
" while maintaining standard test conditions for relative humidity.

Tesi—Charge the dosimeter to read zero and place in an envirenmental chamber. Expose to an appropriate
reference radiation from Table 1 to indicate a midscale reading while at standard test conditions. This shall
be the reference reading. Rezero the dosimeter and ramp temperature 1o 0 °C £ 2 °C and hold for 3 h. Expose
the dosimeter to the same quantity of the reference radiation at this temperature and then ramp the dosimeter

to standard test conditions, hold for 1 h, and record the reading. Rezero the dosimeter, ramp the dosimeter to

#50 °C £2 °C, and hold for 3 h. Exposc the dosimeter to the reference quantity.of radiation at this tempera-
fure, then ramp the dosimeter to standard test conditions, hold for 1 h and record this reading. -

7. Certification
A certificate should be provided which includes the following information:

Name and address of the manufacturer o .
Type of dosimeter and types of radiation the dosimeter is intended to measure ,
~ Range of dose equivalent and dose equivalent rates (or other appropriate quantities) the dosimeter is
 intended to measure. S S . : ‘
_ Reference point and reference orientation relative to the radiation source used for calibration
Location and dimensions of the sensitive volumes of dosimeters

Areal density (in mg/cm2) and composition of walls or other materials between the radiation source
and detector : y ’ :

— Response as a function of radiation energy, for appropriate radiations

— Response as a function of radiation angle of incidence: _

—  Results of relative intrinsic error (accuracy), linearity and lower limit of detection tests

— Indication if dosimeter is airtight or watertight .

—  Response to unwanted radiation types

—
—
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