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INTE

RNATIONAL STANDARD

ISO 4071-1978 (E)

Exposure meters and dosimeters — General methods for
testing |

0 IN
This

TRODUCTION

nternational Standard constitutes a guide to defining

and
mete

barrying out general methods for testing exposure
s and dosimeters? used in radiation protection for

X-rayk and gamma rays with energies below or equal to
3 MeV. 1t will subsequently be complemented by a second

docu
futur
the p
3 Me

ent dealing with rate meters and, in the more distant
e, by a third document relating to dosimeters used (n
esence of neutrons or gamma rays with energies above
. ‘However, study of this latter point necessitates the

paral{rl establishment of definitions of suitablelreference

radia

This
tests
type
that

ions.

international Standard describes a-large number of
from which, in drawing up specifications for a given
bt dosimeter or exposure meter, the tests applicable to
type can be selected. The details of the test methods

selecled, the choice of parameéters and the conditions of

meas
or spd

To si
been
own,

This
meth

rement will be laid dewn in the particular standards
rcifications applying-to'the dosimeters considered.

mplify the carfying out of the tests, the methods have
drafted in.such a way that each can be read on its
independently of others.

nternational Stnadard merely defines the general test

result

bds-and does not deal with the way in which the test

1 SCOPE AND FIELD OF APPLICAT

This International Standard specifies

testing ‘dosimeters used in radiation p
or.gamma radiation of energies below o
therefore allows a check to be made of
comply with the requirements stated in

JON

eneral: methods -of
otection for X-rays
requal to 3MeV. it -
whether dosimeters
particular standards

or specifications, and allows comparison of various types of

dosimeters.

The tests are designed to be carried o
equipped with the operating accessor
manufacturer.

2 REFERENCES

Ut on the dosimeter
es specified by the

ISO 1757, Personal photographic dosimeters.2)

1SO 4037, X and vy reference radiat
dosimeters and dose ratemeters and fc

response as a function of photon energy,

ISO 3768, Metallic coatings — Neut
{NSS test). ‘

ons for calibrating
r determining their

ral salt spray test

s—showld—be—interproted—in—ordor—to—svaluatethe

. qualities of the dosimeter. Such interpretation may be

studied

in the particular standards applying to the

dosimeters considered.

1 Th
2) At

present at the stage of draft. (Revision of ISO/R 1757-1971.) -

IEC Publication 359, Expression of the functional
performance of electronic measuring equipment.

roughout this text, the generic term “‘dosimeter’’ is used to mean both exposure meters and dosimeters..
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3 CLASSIFICATION OF DOSIMETERS

The method adopted for classifying dosimeters, shown in
table 1, is based on the effect which reading them has on
the information stored, and is intended to enable general
test methods to be described.

4 GENERAL REFERENCE CONDITIONS FOR
DOSIMETERS TESTS

background of these fields, in the place where the tests are
carried out, should not exceed 1/m of the threshold
sensitivity of the instruments.®

4.2 \Irradiation conditions

Use, from a qualitative point of view, the reference
radiations defined in 1SO 4037.

For tests calling for an absolute measurement, these
reference radiations must be known quantitatively and in

relation totheclassof apparatys,.

4.7 . Ambientconditions

Except in spegial cases, most of the tests can be carried out
in the followirlg atmospheric conditions? :

— temperdture between 15 and 35 °C; 2
~ relative humidity between 45 and 75 %; 2)
— atmosplieric pressure between 70 and 106 kPa.2)

The actual atmospheric conditions should be indicated in
the test repont. They should not undergo large or rapid
changes.durind a series of measurements.

For acceptance tests, it is recommended that the following
standard conditions be used :

— tempergture : 20+ 2 °C;
— relative numidity : {65 £ 5) %;
— atmospheric pressure : 90 £ 10 kPa.

When the dosimneters being tested are sensitive to the effects
of. magnetic pr electromagnetic fields, the continuous

TABLE 1 - Classification of dosimeters

The exposure or exposure rate used for thecarrying out of
the test must be frequently checked,with g reference
instrument which has itself been ,compared| with the
national standard apparatus.

For tests calling for a comparison’6f measured values, these
must be reproducible within £ 2)%.

Except in the case of special tests, the irradiation} should be
made perpendicularly (fo the principal axis pr to the
sensitive surface of-the dosimeter.

The distance “source-dosimeter” is defined as the distance
from the centre of the equivalent point soufce to the
geometric centre of the sensitive part of the detecting
element.of the dosimeter.

The-exposure rate due to the natural radiation background,
that  coming from the container and any possible
contamination must not exceed a. certain threshold4
depending on the sensitivity of the apparatus. [Whenever,
for practical reasons, this threshold is exceeded, that fact
must be taken into account.

Class Effectof reading

Examples of actual dosimeters included in the class

Class A
dosimeter; resetting’to zero is possible

Reading destroysmneither the information nor the

Direct reading dosimeters with electroscope
Some capacitor dosimeters with indirect reading
Some dosimeters with an electrometer

renders the dosimeter unusable for further
measurements

Class B Reading destroys neither the information nor the Photoluminescent, semi-conductor and coloured glass dosimeters
dosimeter; resetting to zero is impossible (except Exceptionally, some dosimeters with an electrometer
after:complicated laboratory processes)

Most chemical dosimeters

Class C Reading destroys the information but not the Most thermoluminescent dosimeters
dosimeter

Class D Reading does notdestroy the information, but Photographic emulsion dosimeters

Exceptionally, some chemical dosimeters

1) These conditions do not apply to climatic tests (series 11}.

2) These figures have been selected as best suited to dosimeter tests. They may be adjusted according to particular climatic conditions.

3) The value of m will be fixed according to the particular specifications for each type of apparatus.

4) This threshold will be determined by the particular specifications for each type of dosimeter.

2
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If a radioactive source is used, the duration of irradiation
must be much fonger (at least 100 times longer) than the
times for approaching and withdrawing the source. I this
condition cannot be met, the exposure resulting from the
times during which the source is being approached and
withdrawn must be precisely determined in each case;
depending on the test carried out the order of magnitude
of the duration of irradiation must be chosen so as to avoid
introducing additional errors due, for example, to the
effects of :

1SO 4071-1978 (E)

If the dosimeters have batteries or accumulators, these
should be protected during the functioning tests in series |1
(tests 2.1, 2.2, 2.3 and 2.4} described below. They should
be removed for the storage tests of series || (tests 2. 5 and
2.6) and series 11! (test 3.5) described below.

Except for certain special tests, readings should be made
after allowing time for the dosimeter response to stabilize.

If a recording .system can be connected to the reading
device, it is desirable that this adaptation does not affect
the reading and that direct readings be supplemented by a

- —th-O-O*POSL!"’ rate;
_recording.
— | leakage. '
To facilitate irradiation in the best possible conditions,
reproflucible within £ 2 %, the dosimetry room should meet
the fqllowing specifications : 5 TESTS

— | the irradiation table and supports for the dosimeters
shpuld be made of a material of low atomic number (so
faif as is compatible with the necessary rigidity);

~— | the dosimeter  should be placed so that only the
gafnma radiation reaches it and so that the scattered
radliation has an energy spectrum as constant as possible
and does not exceed 5 % of the exposure received
ditectly;

—| the distance between dosimeters should be such that
nd dosimeter affects its neighbours;

— | the position of the source (in the irradiation position)
and that of the dosimeter should be reproducible within
+ 1 mm from one test to another;

—| in order to subject several dosimeters\of the same
batch to the same exposure, their supports should be
placed on the dose rate contours {circles). i sufficient
hdmogeneity cannot be achieved)) the irradiation table
may be made to rotate around the source.

4.3 Reading conditions

in tefting dosimeters based on a given principle, whenever
possible the same standard reading device of known
accurpcy shouldbe'used.

The tests have been glassified in four sedies :

— Series | : Tests with X or gamma radiations for
energies beJow or equal to 3 MeV.

— Series I : Climatic tests.
—_ Series 111 : Mechanical tests.

~ Series IV : Utilization tests.

5.1 Series | — Tests with X or gamma gadiations for
energies below or equal to 3 MeV

5.1.1 Test 1.1 — Zero point stability

5.1.1.1 PrRINCIPLE

To determine the initial indication of the dosimeter before
ahy irradiation takes place and how this indication changes
with time.

5.1.1.2 PROCEDURE
Class A :

Before any other test, set # dosimeters to zero.

Store them under the specified climiatic- conditions and
then read them without resetting them to zero.

The _times of storage and or of holding before reading will

reference reading device and, if the instrument allows, its
correct functioning at some other point.

In addition to photographic dosimeters, any dosimeter
which is sensitive shall only be taken out of its case at the
time of reading or processing and under conditions
prescribed in documents specific to the dosimeters
considered.

be laid down by the particular specifications.
Class B :

Store n'  dosimeters under the specified climatic
conditions, then read them.

The times of storage and of holding before reading will be
laid down by the particular specifications.

1) In this test, as in the following ones, the value of n will be laid down in the particular specifications for each type of dosimeter.
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Class C :

Set to zero
waiting  times
specifications.

as many times n1 dosimeters as there are
before reading laid down in the particular
At the end of each of these times, withdraw

n dosimeters and read them.

Class D .

Upon- receiving them, process and read n' dosimeters.
After the time laid down in the: particular specifications,

process and

conditions; re

down in the p

5.1.1.3 Res

All classes :

read a further n dosimeters in the same

articular specifications.

LTS

a) For eagh time, calculate :

— the

mean I, of the initial indications of the

dosimetgrs;

~ thei

standard deviation s.

b) Plot tT curve showing the change with time of the

initial indi

5.1.2 Test 1.

5.1.2.1 PRIN

To determine

ation of the dosimeter.
P — Stability of information

CIPLE

how the information given by the dosimeter

varies according to the time which  elapses between

irradiation ar
unchanged. |
remain within

d reading, all other conditions remaining
h *particular, the climatic conditions must
the reference conditions and the temperature

should not vary by more than £5°C from\the initial

temperature
reference limi

5.1.2.2 Pro

pf the test, while remaining, ‘\within the
s.

CEDURE

The test should be carried out with the shortest possible

irradiation ti
reading will
accuracy of t

Class A

e. The time shall-be such that the dosimeter
ot be affected by the dose rate or the
chronometer used.

Ilrradiate n dsimeters with an exposure between 50 and

85 % of the ¢

.5.1.3.1 PRINCIPLE

Class C :

Irradiate 'as many times n dosimeters as there are holding
times before reading laid down in the particular
specifications, with an exposure between 50 and 85 % of
the calibration or of the scale range normally used.
Withdraw and read n dosimeters as soon as possible after
irradiation (within 15 min) and after each of the times laid
down.

Class D:

ving ways :

— lrradiate with the same exposure and-inh the same
conditions as many times n dosimeters ag there are
holding. times before reading laid down in thg particular
specifications, process them after each of these times
and read them.

times before processinig will be those laid dgwn by the
particular specifications) with the same exposure and
under the conditions laid down by the| particular
specifications,{as many times n dosimeters 15 there are

— lrradiate at staggered ‘intervals (so that %he holding

specified holding times before reading, plug n control
dosimeters. Process all these dosimeters simiiltaneously
as soon“as possible after the irradiation of the control
dosimeters, and read them.

5.1.2.3 ResuLTs
All classes :
a) Foreach time, calculate :
~ the mean [ of the readings;
— their standard deviation s;

— the ratio r of this mean to the exposure read
immediately after irradiation.

b} Plot the curve of r as a function of time.

5.1.3 Test 1.3 — Repeatability?

To determine the repeatability of the measurements made
whhihe_same_dnskmauubiamd_to_thz_samelposure in

alibration or of the scale range normally used

and read them as soon as possible after the irradiation

{(within 16 mi
the particular

Class B :

n) and after each of the times laid down in
specifications.

As for class A.

identical conditions.

5.13.2 PROCEDURE
Class A :

Set n-dosimeters to zero.

1) In this test, as in the following ones, the value of n.will be laid down in the particular specifications for each type of dosimeter.

2) repeatability : The closeness of agreement between successive results obtained with the same method on identical test material, under the
same conditions (same operator, same apparatus, same laboratory and short intervals of time}. [1SO 3534.] Repeatability depends upon the
dosimeter and the reading device.

4
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Irradiate them with an exposure between 50 and 85 % of
the calibration or of the scale range normally used, then
read and reset them to zero.

Repeat the test ten times in succession.

If the reading device has several ranges, proceed as
described above for each of them.

Class B :

The test cannot be applied to dosimeters of this category
since

1SO 4071-1978 (E)

Calculate the mean /; of the readings /; of the dosimeters
and the standard deviation s, of these readings (s, being
a first estimate of the standard deviation for the whole
batch).

Class

Set n dosimeters to zero.

rradiate them with an exposure between 50 and 85 % of
the calibration or of the scale range normally used, then
read them. '

Repedt the test ten times.

If the reading device has several ranges, proceed as
descriped above for each of them.

Class D :

This test cannot be applied to dosimeters of this class, since
reading renders them unusable.

51338 Resu LTS
Classe Aand C :
For edch operation, calculate :
— |the mean 7 of the ten readings;

— | their standard deviation s.

5.1.4 | Test 1.4 — Batch-homogeneity

5.14.1 PrRINCIPLE

To ipvestigatesthe dispersion of the response of the
dosimgters submitted to the same exposure under the same
conditions Nlincluding same laboratory and same operator)
and i i i is di i

Choose :

— the percentage.értor b that can be tolerated on
the reading of-the exposure [, [to determine the
margin of error:

b X
d~—I

100
-<)he risk o that the estimate is pnade with an error
egual to or greater than d.

Deduce an approximate value n ¢f the number of
specimens necessary in order to makie an estimate with
risk @ by means of the formula :

Sg 2
n= (t“:"o—d")

ta, ng the variable in Student’s law, being given by
table 2. '

TABLE 2 — Values of t, |,
@ 0.1 0,05 D,02 0,01
ng

6 2,015 2,571 3,365 4,032

vi 1,943 2,447 3,143 3,707

8 1,895 2,365 2,998 3,499

9 1,860 2,306 2,896 3,355

10 1,833 2,262 2,821 3,250

b) Selection and test

be expi'essed as a normal law (after having taken account of
the possible corrections due to the repeatability).

51.4.2 PROCEDURE
All classes :
a) Sampling

Assuming the distribution to be normal, withdraw at
random n, dosimeters (6 <n, < 10) from the batch to
be examined, irradiate them with the same exposure and
read them.

Select at random n specimens from the whole batch,
and irradiate them with an exposure between 50 and
85 % of the calibration or of the scale range normally
used.

Read the dosimeters at equal times after irradiation,
since the indication given by the dosimeter varies with
time.

5143 ResuLTs

Plot the frequency diagram for the exposures read (the
number of class intervals not being less than 5 in any case).

5
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Calculate the mean value [, of the readings of the
dosimeters of the sample, and the corresponding standard
deviation s’. (Or trace the Henry line and deduce from it
another estimate of the mean I’ and of the standard
deviation s’".)

Verify that the hypothesis (of a normal distribution) is
correct by a x2 test with a risk ..V

5.15 Test 1.5 — Lower limit of reading

of the variations of  as a function of the exposure
during the course of the test. (See figure 1.)

5.15.2 PROCEDURE
Class A :

Set n dosimeters to zero.

5.1.5.1 PRINTTPTE

To determine

for which the reading obtained is significantly different
from the standing indication. The readings corresponding
to this valug are such that :

I-1,21/Zx 1965,

where

a) the det{ction threshold, i.e. the minimum exposure

T is thel mean of the readings for the exposure in
question|

T, is thp mean of the initial readings either of the
batch ofldosimeters subjected to test 1.1, “Zero point
stability{, or of the dosimeters being-tested;

S1g is the standard deviation of the initial readings.
When the initial readings are mostly zero, it is better to
simplify theg formula to :

T=1y el = 1,965

where

T is the| mean of the readings for _the exposure in
guestion

s is the standard deviation of these readings;

lo max iF the maximum valué of the initial readings.

b} the lowpr limit of reading at x %2!: i.e. the minimum
exposure fpbr which thé mean value of the readings
having a dispersion {/t'2s) is such that :

100 - x A - 100+x) .
<]— + —_
(100 LL]-2s<I+2s< 100 L

lrradiate-thermwith-an-expestre do————
Read them.

Repeat these operations for exposures corresgonding to,
say :

2X, 3X, 4X,
10X, 156X, 20X, 30X, 40X, 50X,

bX, 66X, 7X, 8X| 9X,
100 X,

X being defined by the“absolute value of the error in
reading or a multiple)of this value, according to the
precision expected from the combination of the| dosimeter
and reading device,

Class B :
Take the-initial reading of p batches of n dosimeIrs.

Irradiate one batch with each of the exposures defined for

class'A.

Read them.

Class C:

Proceed as for class A.
Class D :

Proceed as for class B.

5.1.5.3 ResuLTs
a) For each exposure, calculate :
— the mean | of the readings;

— their standard deviation s.

whe(e
Tand s are as defined above :

L is the value read for the test exposure on the linear
part of the calibration curve obtained from the graph

b—Ptotthe graptrof 1 asa functiomof theexposure.
c) Determine the threshold of detection by means of
the inequalities defined in 5.1.5.1.

d) Determine graphically the value of the lower limit
of reading at x %.

1) The same method can be used for the statistical investigation of the variables obtained from other tests.

References for test 1.4 :

— NBS Handbook 91 : Experimental statistics, Library of Congress Catalog : 63 60 072.

— Le contrdle statistique des fabrications, R. CAVE, Eyrolles.

2) x will be laid down.in the particular specifications.

6
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Mean of
readings

0
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(100 + x)
—_— L
100

L

100—x) ‘
— =)L
(Fo

— -

Lower limit of readings

5.1.6 [Test 1.6 — Exactness') and linearity

5.16.1 PriNCIPLE

exposure read

a) [Todetermine the ratio :(=———"—
exposure received

b) |To study the vafiation over the whole range of
megsurements.
5.1.6.2 PROCEDURE

Class |A (Désimeters having generally only one effective
range)|:

FIGURE 1

Exposure (X]

Class B (Test of linearity and additivity)

Take dosimeters not previously exposed and observe their
initial reading (l,).

Irradiate them successively with expospires such that the
cumulative total of the exposures is efjual to the values
shown in table 3 for a dosimeter with thrpe effective ranges.
When the dosimeter has n effective ranggs (n > 3), proceed
for intermediate ranges as for the second effective range.

Read the dosimeters after the reading has become stabilized
(see test 1.2, “‘Stability of information”)

Take the 7 dosimeters subjecied 1o 1est 1.5, ~Lower timit
of reading”’, and set them to zero.

Irradiate them successively with the exposure X,
corresponding to the lower limit of reading, with at feast
two exposures equally spaced between X and the exposure
corresponding to 85 % of the calibration or the effective
range of the scale normally used, and with the exposure
corresponding to 85 % of the calibration.

Read them and reset them to zero after each irradiation.

Class C :

Take the n dosimeters having been subjected to test 1.5,
“|_ower limit of reading’’. If these dosimeters have received
high exposures, an additional operation to erase them may
be necessary.

irradiate them successively with exposures equal to the
values in table 3.

Read them.

1) exactness : The quality which characterizes the capability of a measuring instrument to give indications equal to the conventionally true

value of the measured quantity.
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Class D = -
Take p lots each of n dosimeters.

Irradiate them respectively with exposures equal to the
values in table 3.

Process and read them,

5.16.3 REeEsSULTS
Class A :

Class D :

For each batch {corresponding to a given
calculate :

exposure)

— the mean [ of the readings of the n dosimeters;

— the ratio g of this mean to the exposure received;

— the standard deviation s of the readings

and of the

ratio g; plot the curve giving ¢ as a function of the

exposure received.

Calculate :
— the me4n  of the readings of the n dosimeters;
~ the ratip of this mean to the exposure received;

— the stapdard deviation s of the readings and of the
ratio; plot| the curve as a function of the exposure
received.

Class B :

Foreach cumlnlative exposure X;, calculate :

— the megn /(x;) of the readings of the n dosimeters;

—~ the ratip p of this mean to the cumulative exposure
received X1 ’

Iix) —To
@ ==
4(,
— the staphdard deviation s of the readings and of the
ratio a: plot the curve giving ¢ as a function of the
cumulative|exposure received.

Class C:

Proceed as for]class A.

TABLE 3 — Cumulative exposure

5.1.7 Test 1.7 — Memory effect (Remanence)

5.1.7.1 PriNncCIPLE

To determine the effect of the \past histo
dosimeters on :

— the lower limit of reading;

~ the response.

5.1.7.2 PROCEDURE

a) Memory._ ‘effect produced by irradiatig
ponding to normal use of dosimeters :

Class A :

ry of the

ns corres-

Take a number of dosimeters equal to the nimber used

for tests 1.5, “Lower limit of reading”
“Exactness and linearity’’, and irradiate them

and 1.6,
k times at

one of the exposures used in test 1.6 betweenp the lower

limit of reading X and 85 % of the calibratiqg
effective range on the scale normally used.

n or of the -

The number k shall correspond to an economical use of

the dosimeter by the user.

Cumulative exposure Reading
Io linitial reading)
Xg . lower limit of reading lixg)
First ;
effec- X1 points equally spaced between Xg and X3 I(X 1)
X: 0 l
tive 2 (Xs)
' Ko = 85%ofCL wi 01 s 1t ; £ the first affecti
range 4 X3)
Xq  =C1 lix g
X . I
Second XZ } points equally spaced between X4 and X7 1852;
°:'f3: X7  =85% of C2, where C2 is the value of the second
range effective range lix,)
Xg =02 l (Xa)
Third
effec- §f°} points equally spaced between Xg and X4 58{‘ o) )
tive 10
range | X11 =85%C3 lixyp
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After each irradiation, read the n dosimeters and reset
them-to zero if this is necessary in order to continue the
test satisfactorily.

At the end of the k irradiations, determine the lower
limit of reading X, as described in test 1.5, then
irradiate them with the previous exposure of test 1.6,
and read them.

Class B :

Since dosimeters of this class cannot be reset to zero,

1SO 4071-1978 (E)

5.1.7.3 ResulLTs
Classes Aand C :

Normal use [5.1.7.2 a)] or accidental irradiation [5.1 7.2 b)]:

a) Change in the lower limit of reading :

Check by what percentage the n

ew lower limit of

reading X differs from the original lower limit of

reading X,.

-b) Change /n the response of the dosimeter :

this]-t-eqx-éeoeml-app'y to-them
Clags C:

Profeed as for class A.
Class D :

Singe reading renders dosimeters of this class unusable,
thig test does not apply to them.

,b) Memory effect produced by one or more strong
acci{dental irradiations :

Clags A :

} Take the n dosimeters used for tests 1.5, "’Lower
imit of reading’’, and 1.6, “‘Exactness and linearity”,
and irradiate them k times, each irradiation lasting
between 8 and 12 h :

— for scale ranges or calibrations not exceeding
500 RY, at one of the exposures corresponding to
50 times the rating or the effective range‘on the
scale normally used, without exceeding 1°000 R;

— for scale ranges or calibrations idreater than
500 R, at an exposure fixed by the manufacturer.

After each irradiation, read thé rf)dosimeters and reset
fhem to zero.

After the k irradiations; determine the lower limit X(,
b the n dosimeters,insaccordance with the method of
test 1.5, then irradiate the dosimeters at one of the
bxposures of t€stv1.6 between X, and 85 % of the
ralibration _op~the effective limit of the scale range
hormally-Used, and read them.

D) Repeat the same test with n dosimeters irradiated
but each irradiation lasting between 1 and 5 min.

Calculate the mean ! of the readings

b the n dosimeters

at the kth irradiation and the standard deviations s of

these readings.

Check by what percentage this
deviation differ from\the mean and
found for the ,same irradiation
“Exactness and linearity”’.

ean and standard
standard deviation
during test 1.6,

5.1;8 Test 1,8'= Relative spectral sensitjvity

5.1.8.1/PRrINCIPLE

To.determine, as a function of the radiation energy, the
response of the dosimeter (intended foy use in a field of
either gamma or mixed radiation)? subfjected to radiation

{X or gamma) at a constant exposure rate.

5.1.8.2 DEFINITION OF TEST COND

TIONS

The test is valid only for dosimeters having a linear dose
response and those whose standardipation curves for
different doses show affinity one with another.

The radiations to be used are those défined in 1SO 4037.

The standards peculiar to each type

bf instrument will

enable the base radiation and other radliations to be used’
to be selected from among these radiations and will

determine the operating conditions

(in particular the

geometrical conditions, exposure rate, etp.).

5.1.8.3 PROCEDURE

The investigation should be made with the exposure giving

the best compromise between :

Class B :

Since dosimeters of this class cannot be reset to zero,
this test does not apply to them.

Class C :
Proceed as for class A.
Class D :

Since reading renders dosimeters of this class unusable,
this test does not apply to them.

1) 1R =258 X 10-4 C/kg
2) Mainly v + neutrons,

— the available means of testing
radioactive sources;

with X-rays and

— the exposure times having regard to the effect of
the exposure rate and its drift during the exposure;

- -the degree of precision of the reading.

Class A :

Take n dosimeters and set them to zero.

Subject them to an exposure X of the base radiation.
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Read them and reset them to zero.

Subject them to the same exposure X of the other standard
radiations chosen.

Read them and reset them to zero.
Class B :
Proceed as indicated for class A :

— either subjecting the same batch of n dosimeters to
all the different energies, if the additivity (determined

; 5.1.9 Test 1.9 — Isotropy

5.1.9.1 PrINnCIPLE

To investigate the effect on the indication shown by the
dosimeter of its orientation in refation to the direction of
the beam of radiation.

The radiation energy chosen for each type of dosimeter
shall be the lowest energy at which the dosimeter will be
used.

from test 1,6) is satisfactory;

— .or, if this is not so, using for each energy a new batch
of n dosimeters which have not previously undergone
any.radiatign.

Class C :

=]

Proceed as for flass A.
Class D :
Proceed as fof class A, but using for each energy a new
batch of »n |dosimeters since reading them renders
dosimeters of this class unusable. '
5.1.84 ResuLTs

All classes :

a) For thd base radiation and for the radiations of
energies £, | £, etc., calculate :

— the mean ! of the readings of the n dosimeters :
Tgi T, Tgy ete.
- the sfandard deviation s of these readings :
stlg); | slle,); slle,); ete.
b) Find the ratios :
Iy T

Iy
c) Plot thjfcurve giving\the variation of these ratios as
a function off the energy.

1, etc.

The limit of|error on"the curve will be equal to

5.1.9.2 Procepure?
Class A :
Set n dosimeters to zero.

Irradiate them with an exposure between 50 arjd 85 % of
the calibration or theé)scale range normally |used, the
dosimeters being placed in the position recommended by
the manufacturersin relation to the directign of the
radiation beam.

Read them (/).
Reset'the dosimeters to zero.

Make at least five irradiations with the same |exposure,
followed by reading la,- and resetting to zedo, in the
following positions :

— three irradiations, rotating the dosimeter |about the
geometrical centre of the sensitive part by 90°, 180°,
and 270° in relation to the initial position in|the plane
defined by the vertical and the direction of the radiation
beam;

centre of the sensitive part by 90°.and theh 270° in
relation to the initial position in the planeé perpendicular
to the direction of the radiation beam.

— -two irradiations, rotating the dosimeter Ebout the

Other directions can be chosen depending on [the user’s
needs or the manufacturer’s specifications.

Class B :

Proceed as for class A, irradiating each time a lluew batch

S I-E_i vfn dusi:‘.‘...,tms.
773- Class C:

which is given by Taylor’s formula :

—1 12 2 2
(&=,
i; s<lfi} s{E}
— = — 4+ | —
] i 's
7

Proceed as for class A but without resetting to zero.
Class D :
It is possible to proceed as for class B.

Since making this test would use up a considerable quantity
of dosimeters of this class, a simplified test valid for a
certain number of dosimeters has been described in
1SO 1757.

1) For certain dosimeters which are particularly sensitive to the direction of the radiation, a more detailed test can be worked out.

10
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5.1.9.3 ResuLTs
All classes :

For each dosimeter (n) and each direction (¢;); calculate
the deviation of the readings, d :

_ l(h,a;)f* lR, X 100

I

5.1.10 _Test 1.10 — Geotropism

1SO 4071-1978 (E)

5.1.10.3 ResuLTs
Classes A, B ahd C:

For each dosimeter (n) and each position {o;), calculate
the deviation in the readings, d ©

LT Rl P
R

5.2 Series |1 — Climatic tests

5.1.10/1 PRINCIPLE

To invpstigate the influence on the indication given by the
dosimdter of the reading position of the combination
“dosimeter/reading device’’ relative to the vertical. This
test agplies only to assemblies which are easily orientated.

5.1.10]2 PROCEDURE
Class A :

Set n dosimeters to zero.

the calibration or the effective range on the reading scale

IrradiTe them with an exposure between 50 and 85 % of
normally used.

Read [them in - the usual positién “defined by the
manufpcturer (/).

Read them after rotating the combination through 90° in
four perpendicular directions (if this is possiblé) (la;)-

Class §:
Proceed as for class A.

Class G :

Proceed as for class A, but.rfadiating the n dosimeters for
each reading position. '

Class

Since | reading .dosimeters of this class renders them
unusalle, this test does not apply to them.

5.2.1 Test 2.1 — Change in performanéel in an atmosphere
of “dry heat” or “cold”’
5.2.1.1 PRINCIPLE

To determine the change in performahce as a function

of the temperature during irradiation.

5.2.1.2 TesT RIG CHARACTERISTICS AND TEST
CONDITIONS

a) The\test shall be carried out in of]
chambers which allow a temperature
patticular specifications and lying bet
+ 70 °C, to be attained and held con
everywhere within the enclosed vo
humidity shall be less than 65 %. The
of temperature shall not be less than (

b) The radiations to be used 3
sub-clause 3.3, “Gamma radiati
radionuclides”, of 1SO4037.1 Thg

e or more climatic
f, laid down in the
ween ~— 40 °C and
Ltant withinz 2 °C
ume. The relative
Fate of rise (or fall)
4 °C/min.

re laid down in
ons emitted by
particular speci-

fications for each type of dosimel]er will determine

which of these radionuclides is to be

The radioactive sources may be situats
the climatic chamber but in such
produce during the test an exposure r

sed.

d inside or outside
a way that they
ate constant within

+ &, & being laid down in the particular specifications.

The exposure rate shall be such that
lies between 50 and 85 % of the ca
effective range on the scale normally
of exposure being compatible with th
’Stability of information”’.

the exposure read
ibration or of the
used, the duration
e results of test 1.2,

1) In any case, X-rays are not to be used.

1"
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¢) The dosimeters shall be subjected to a temperature
cycle as follows (for a given temperature @). The
irradiation shall be carried out starting at a time t,, after
each temperature level is reached and shall be completed
by the time t,. (See figure 2.) The determination of the
irradiation period in the interval ¢, to ¢ is infiuenced by
the fading characteristics.

The cycle shall be performed for 8 =20 °C, and then
for - increasing temperatures §,, spread between 20 °c
and 6.

After conditioning them at 20 °C in the chamber until

time t,, bring the temperature to 6.

Irradiate from time ¢, to ¢, under the conditions
in5.2.1.2¢).

At time t;, rapidly remove the dosimeters

laid down

from the

chamber and read them. The temperature of the dosimeters
at the moment of reading should be as close as possible to

that of the test.

Replace the dosimeters in the chamber and

A fresh cycle shall be performed for 8 = 20 “C, and then
a series of gycles for decreasing temperatures fl,, spread
between 20|°C and 8.

Osup is the upper limit of the temperature range laid

down in the particular specifications;
6, isafemperature between 20 °C and 0 ,;

0,.¢ Is the lower limit of the temperature range laid
down in the particular specifications;

6., is a temperature between 20 °C and 8. ..
2 inf

5.2.1.3 ProdepuURE

Class A :

Set n dosimetefs to zero.

Put them insidk the climatic chamber maintained at 20 °C.

12

i

L o oA
temperature back 1o 20~ C:

bring its

At time t 4, remove the dosimeters and re-read them.

When 6 equals 20 °C, the readings at times ¢ ahd ¢, serve

as reference data.

Class B :

Put a batch of n dosimetérs,inside the climati¢ chamber

maintained at 20 °C.

After conditioning ¢them at 20 °C in the charhber until

time ¢,, bring thetemperature to 0.

Irradiate from. time t, to z; under the conditions
in 5.2.1.2 ¢\

laid down

At timé\ry, bring the temperature of the chamber back

to 20 °C.
Attime t,, remove the dosimeters and read them

Use different batches for each temperature 8.

Temperhture
;B I |
|
' I
! n
1 }
20°C | {
' |
| | |
tol 1 ts ' i3 la Time
tg~t1=1h
ty~to=4h
ta—-t3=15h
tz—tg=4h

FIGURE 2
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Class C :

Set n dosimeters to zero.

Proceed as for class B, using different batches of dosimeters’

for all the temperatures .
Class D :

Proceed as described for class B, using different batches for
each temperature 0.

1SO 4071-1978 (E)

5.2.2 Test 2.2 — Change in performance in an atmosphere
of humid heat

5.2.2.1 PRINCIPLE

To determine the ‘change in performance and investigate
the behaviour of dosimeters subjected to irradiation in an
atmosphere of high relative humidity.

6214 | REsuLTs

For eagh dosimeter and each temperature of irradiation,
calculatg : :

Class Af
The perpentage deviation d,, at the temperature 0.
Lo ,t5) —li20°C,t3) §

100
l20°c,ty)

d1=

All clas]’es :
The pefcentage deviation d, at the end of the period of
stabilizgtion at + 20 °C :

| lig,t4) —li20°C,t4) y

100
li20°C ty)

d2=

where
loote, t3) is the reading of the dosimeter ifradiated at
20 °F and read at time ¢5;
1(200 C. tq) is the reading of the dosimeter irradiated at
20 C and read at time ¢,

lig, ) s the reading of the' dosimeter irradiated at
temperature f and read@t time t5;

lg, 4, Iis the reading’ of the dosimeter irradiated at
temperature 0 anid-read at time t,,.

5.2.2.2 TEST RIG CHARACTERISTICS|AND TEST
CONDITIONS o

a) The test shall be carried out in alclimatic chamber
- which allows a temperature 6 and a relative humidity U,
laid down in the particular speciﬁcati{ns and exceeding
the following minimum limits, to be fattained and held
constant within £2'°C and £ 5 % respegtively everywhere
within the enclosed’volume :

— temperature 40 °c:
— relative humidity 90 %.

The-rate 6f rise (or fall} of temperature shall not be less
than 0,4 °C/min.

b) The radiations to be used ate- laid down in
sub-clause 3.3, “Gamma radiatigns emitted by
radionuclides”, of 1SO 4037.%

The particular specifications for each type of dosimeter
will determine which of these radionuclides is to be
used.

The radioactive sources may be situatedl inside or outside
the climatic chamber but in such a way that, during the
test, they produce an exposure rat¢ constant within
+ §, § being laid down in the particulai specifications.

The exposure rate shall be such that
lies between 50 and 85 % of the cal
effective range on the scale normally

the exposure read
bration or of the
Lised, the duration

of exposure being compatible with the results of

test 1.2, ““Stability of information®’.

1) In any case, X-rays are not to be used.

13
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¢} The dosimeters shall be subjected to the following
cycle. The irradiation shall be carried out at a time t,
after each temperature level is reached, and shall be
completed by the time t,. (See figure3.}' The
determination of the irradiation period in the interval
t, to 5 is influenced by the fading characteristics.

5.2.23 PROCEDURE

Class A :

When 6 equals 20 °C, the readings at times t, and t,
serve as reference data.

Class B :

Put a batch of n dosimeters inside the climatic chamber
maintained at 20 °C and at U, < 65 %.

After conditioning them at 20 °C and at U, < 65 % in the
chamber until time ¢,, bring the temperature to 8 and the
relative humidity to U. '

Set n dosimeters-to-zero.

Put them inside the climatic chamber maintained at 20 °C
and at U, < 6% %.

After conditioping them at 20 °C and at U, <65 % in the
chamber until time ¢,, bring the temperature to § and the
relative humid{ty to U.

Irradiate from(time t, to t; under the conditions laid down
in5.22.2¢).

At time t;, |rapidly remove the dosimeters from the
chamber. Inspect them visually and read them. The
temperature of the dosimeters at the moment of reading
should be as clpse as possible to that of the test.

Replace the dosimeters in the chamber and bring the
temperature back to 20 °C and the relative humidity back
to Uy < 65 %.

At time t,, re;rnove the dosimeters, re-inspect them visually
and re-read th ' :

Irradiate from time t, to t; under the conditionJ laid down
in 5.2.2.2 ¢).

At time t;, bring the temperature back to 20 {C and the
relative humidity to U, <65 %.

At time t,, remove the dosimeters, inspect them visually
and read them.

Use different batches for.each temperature 4.

Class C:
Set n dosimetersto zero.

Proceed asifor class B, using the same batch of dosimeters
for all thestemperatures 8.

Class\D :

~Proceed as for class B, using different batcheq for each

temperature 0.

Temperature
Relative
humijdity
]
U l
| I
| |
l |
| !
20°C I I
Uo <65% | { {
| | | |
ol | | | |
U T + u ———{—
fol & t2 & ta Time
tg—~t;=1h
t1~tp=4h
ty—~tz=15h
t3—~tg=4h

FIGURE 3

14
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5.2.24 ResuLTs

a) The visual inspection before each reading is to detect
the possible presence of moisture within the case.

b) Calculate the percentage deviation, d :

Class A :

_loe) —h20°ciy)

: 100
li20°c tq)

1SO 4071-1978 (E)

5.2.3 Test 2.3 — Effect of high and low temperatures
on dosimeter indication

5.2.3.1 PRINCIPLE

To investigate the variation in dosimeter response after
storage at cycled temperatures in the irradiated state.

5.2.3.2 TEST RIG CHARACTERISTICS AND TEST
CONDITIONS

a) The test shall be carried out in one or more climatic

All ¢[asses :

_loeg) —h20°cg)
| =
liz0°¢,t4)

Q

100

whefe

I, ¢q) s the reading of the dosimeter irradiated at 0
ahd read at time t5;

o

h0°C, ;) 15 the reading of the dosimeter irradiated
at 20 °C and read at time #,; '

lip, +4) is the reading of the dosimeter irradiated at 6
and read at time t,;

lpoec, 1, is the reading of the dosimeter irradiated
af 20 °C and read at time ¢ ,.

v

Tpmperature

chambers which allow temperatures|6, and 0,, laid
down in the particular specifications and lying between
~40°C and +70°C, to be attained pnd held constant
within *2 °C everywhere, within the enclosed volume
(the relative humidity being less than or equal to 65 %).

The rate of rise ot-fall of temperature shall not be less
than 0,4 °C/min,

b) The dosimeters shall be subjected fo the temperature
cycle shown in figure 4.

5.2.3.3 "PROCEDURE
All‘classes :

Irradiate 2 n dosimeters with an expostire lying between
50 and 85 % of the calibration or of the|effective range on
the scale normally used.

+20°C f
g ty ts / ,
\ . -
W T 1]
to t ty t3 |r ; tg Time
| ]
| |
! |
| |
| |
R | A
to~ty=3h tg—t,=3h
t1—tyg=4h ta—~tg=8h
to~t3=3h tg—tg=23h
FIGURE 4

15


https://standardsiso.com/api/?name=ab582406debc7ebd5221b7ccbb5cbbaf

1SO 4071-1978 (E)

Keep n of these dosimeters at ambient temperature. the following minimum limits, to be attained and held

; . .. . constant everywhere within the enclosed volume :
Subject the other n dosimeters six times to the cycle laid )

down in 5.2.3.2 b).7 — temperature 40 °C;
24 h after the end of the test, read the 2 n dosimeters. — relative humidity 90 %.

The rate of rise (or fall) of temperature shall be not less

5.2.34 ResuLTs than 0,4 °C/min.

All classes : b) The dosimeters shall be subjected to the cycle shown

in figure 5.
Calculate the_percentage deviation d after subjecting to
high and low [temperatures : 5243 PROCEDURE
T-T] - :
d= = Av100 , All classes |
o A " ; Irradiate 2n dosimeters with an _exposure lyjng between
L ' 50 and 85 % of the calibration or of the effectjve range on
where
. : the scale normally used.

1, is thel mean of the readings of the n dosimeters

. Ke f i i . j
Kept at ampient temperature; ep n of these dosimeters-at ambient temperatlire. Subject

o , , the other n dosimetersisix times to the cycle pid down in
[ is the | mean of the readings of the dosimeters 524.2b).7
subjected fo the cycles of high and low temperatures. 24 h after the end of the test, read the 2 n dosimeters.

5.2.4 Test 24 — Effect of moist heat on dosimeter - 5244 ReguLTs

indication All classes :

5241 PritcipLe Calculate the percentage deviation d after bding kept in

moist heat :
To investigate the variation in dosimeter response, after — ——
storage in mojst heat, in the irradiated state. d= l:_lA % 100
Ia
where

5.24.2 TesST RIG CHARACTERISTICS AND TEST -
CONDITIONS l, is the mean of the readings of the n|dosimeters

\ . P\ kept at ambient temperature;
a) The test shall be carried out in a climatic chamber P P

which allovs a temperature 8 and a relative humidity U, 7 is the mean. of the readings of the |dosimeters
laid down |in the particular specifi¢ations and exceeding subjected to the cycles in moist heat.

Tempeyature *

Relatiye
humid|ty

]
UdnZ

T
[
|

. 20°C :
Uy <65%| |
L
L

1

\
\

fm e e b s e

|
I l
} I

0
fo Hh b I3 ta 5. Time
tg—t1=3h tz—~t3=1h
t1—ta=1h ta—tg=3h
tp—tz3=6h
FIGURE 5

1) The succession of cycles may be interrupted by a rest period.
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5.2.6 Test 2.6 ~ Effect of storage at high and fow
temperatures on dosimeter response

5.2.5.1 PRINCIPLE

To investigate the  variation in dosimeter response after
storage at high and low temperatures in the unirradiated
state. :

I1SO 4071-1978 (E)

5.2.5.3 PROCEDURE
Classes Aand C :

Set n dosimeters to zero.
All classes :

Subject n dosimeters ten times to the cycle laid down in
5.2.5.2b).Y

24 h after the end of the test, carry out the tests
1.1, “Zero point stability*’

5.256.2] TEST RIG CHARACTERISTICS AND TEST
cConD|TiONS

a) [The test shall be carried out in one or more climatic
chambers which allow temperatures 6, and 6,, laid
down in the particular specifications and lying between
—4Q°C and +70°C, to be attained and held constant
witHin * 2 °C everywhere within the enclosed volume
(the| relative humidity being less than or equal to 65 %).

Thelrate of rise (or fall) of temperature shall be not less
thar} 0,4 °C/min.

b) [The dosimeters shalf be subjected to the temperature
cycle shown in figure 6. )

A

Temperature

1.2, *‘Stability of information’
1.3, "“Repeatability”

1.5, “‘Lower limit of reading’
1.8, “’Exactness and.linearity’’

on these n dosimetersat the same time ag on the dosimeters
subjected to the tests in series [.

5.2.56.4 REsuLTs

Interpretithe results at the same time and in the same way
as forithe dosimeters subjected to the tests in series I.

+20°C
o ty tg ]
— i —- -
to | } te Time
| ]
I |
I |
l |
| [
0 |
to—-t1=3h t3—t4=23h
ty—ta=4h tg—tsg=8h
tg—tg=3h ts—tg=3h
FIGURE 6

1) The succession of cycles may be interrupted by a rest period.
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5.26 Test 2.6 — Effect of storage in maist heat on
dosimeter response

5.2.6.1 PRINCIPLE

To investigate the variation in dosimeter response after
storage in moist heat in the unirradiated state.

5.26.2 TEST RIG CHARACTERISTICS AND TEST
CONDITIONS ‘ ‘

a) The
chamber
humidity
and exce
. to be at

which allow a temperature 6 and a relative
U, laid down in the particular specifications
ding at least the following minimum limits,
ained and held constant within +2°C and
pectively everywhere within the enclosed

— temperature 40 °C:

rel

The rate
than 0,4 9

htive humidity 90 %. -

bf rise (or fall) o_f temperature shall not be less
C/min.

b} The dosimeters shall be subjected to the cycle shown

in figure 7.

5263 Pr

CEDURE

Classes A ang C :

Set n dosim
All classes :

Subject n d
5.2.6.2b)."

ers to zero.

bsimeters 14 times to the cycle laid down in

24 h after the end of the test, carry out the tests :

1.1, “Zero point stability”

1.2, “Stability of information”’
1.3, “Repeatability”

1.5, “Lower limit of reading”

1.6, “Exactness and linearity "’

on the n dosimeters at the same time as on the dosimeters

sts in ceries |

5264 ResuLTs

Interpret the results at the same time and in the same way

as those for the dosimeters subjected to the tes

5.3 Series lll — Mechanical tests

The tests shall always be“carried out with d
the condition in which\they are used.

Each mechanicaltest shall be carried out on n g
After each test; two checks shall be made :

a “check of the retention of info
n! dosimeters irradiated before the test):

~ a check of working condition {on n"' d
the irradiated state).

The different irradiations shall be made wi
reference radiation.

The n dosimeters shall be irradiated with an
between 50 and 85 % of the calibration or of
range on the scale normally used.

ts in series I.

osimeters in

osimeters.

mation (on
osimeters in
th the same

exposure X
the effective

Tempgprature ‘
Relat{ve
humidlity 0
U S | ‘r
' |
{ |
20°C ' |
e ——
0 | | o l ]
— +—t -
1) ty .t I3 t4 &5 Time
: to—l‘1=3h t3—t4=1h
t1—t2=1h ta—ts=3h
to—ta3=6h
FIGURE 7

1) The succession of cycles may be interrupted by a rest period.

18
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53.1 Test 3.1 — Dropping

53.1.1 PRINCIPLE

To judge the resistance of dosimeters to shocks which.they
may suffer when dropped while being handied.

5.3.1.2 TEST RIG CHARACTERISTICS AND TEST
CONDITIONS

1SO 4071-1978 (E)

b) . Working test
All classes :

Submit n’’ non-irradiated dosimeters to p drops of
0,25 m, p being fixed by the particular specifications.

Examine them.

Irradiate them with exposure X.
Read them ().

Note-any apparent damage

The dpsimeter shall be supported by a device which can
releasd it suddenly, reproducibly and without initial
- velocitly, above an oak board, in a single piece 5 cm thick,
resting directly on a concrete base.

The height of the drop shall be measured between the
upper [surface of the board and the lowest point of the
dosimgter.

Drop teights 1 0,25m,056m, 1m, 1,5 mand 2 m.

The dosimeters shall be dropped p times from each height.
The ppsition of the dosimeter before each drop as well as
the dTired point and angle of impact shall be determined
in relation to its shape.

5.3.1.3 PROCEDURE

a) |Retention of information

s A :

iate the n’ dosimeters with an exposure)X.
Redd them (/,); do not reset them to.zZero.

Sulmit them to p drops of 0,25 m7 p being fixed by the
particular specifications.

Exgmine them. Read thent{/,).

Repeat for the next drop height. The different heights
at which the test willbe carried out, chosen from among
thoke given in~5.3.1.2, will be fixed by the particular
spegifications.

Clags B4
Pr

Repeat for the next drop height) The different heights
at which the test will be carried-out, chosen from among .-
thase given in 5.3.1.2, will ‘be fixed| by the particular
specifications.

53.14 ResuLTs

All classes :

For each drgp height :
a) Retention of information
Specify any damage revealed by visual|inspection.
Calculate the deviation of the readingJ, d,:

I, -1
d1=—21—-1x100

1

b) Working test

Specify any damage revealed by visual inspection.
Calculate the deviation of the readings, d, :
Iy —1
dy=—-=——1%100
Iy

5.3.2 Test 3.2 — Vibrations

5.3.2.1 PRINCIPLE

To evaluate the resistance of equipment submitted to
vibrations of variable frequency.

5.3.2.2 TEST RIG CHARACTERISTIC|S AND TEST

Class C :
Irradiate the n' dosimeters with exposure X.

Read them (/,). Check that they have properly returned
to zero; if not, reset them to zero.-

Irradiate them again with exposure X, then proceed as
described for class A (1,).

Class D :

Irradiate 2 n' dosimeters with exposure X. Read a first
batch of n' dosimeters {1,). Proceed as described for
class A with the second batch of n’ dosimeters (l2 1B

CONDITIONS

The dosimeters, attached firmly to a vibraﬁng table, shall
be submitted successively in three mutually perpendicular
directions to a mavement defined as follows :

— rectilinear sinusoidal movement;
— amplitude : 1 mm;
— frequency cyclically variable between 10 and 55 Hz;

— duration of the complete sweep through the

frequency range from the lower limit to the higher and

back to the lower, the ascending and descending times
- being approximately equal : 1 min;
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~ duration of the test : 30 min to 2 h, fixed by the
particular specifications;

— number of cycles per direction : 10 to 40, fixed by
* “the particular specifications.

53.23 PROCEDURE
a) Retention of information

Class A :

Calculate the deviation of the readings, d, :

1, -1
dy =2—1x100
Iy
b) Working test
Specify any damage revealed by visual inspection.

Calculate the deviation of the readings, d,, :

Iy —1
dy==_"Lx100

Irradiate n[ dosimeters with exposure X.

Read them (/,); do not reset them to zero.
 Submit thqm to the test described in 5.3.2.2.
Inspect th]m. ‘

Read them at the end of the test (/,).

Class B :
Proceed asfor class A.
Class C :
Irradiate n| dosimeters with exposure X.
Read them|(l, ).

Irradiate tHem again with exposure X.
Submit thdm to the test described in'5.3.2.2.
Inspect thI:

Read themlat the end of the test (Z,).
Class D :
Irradiate 2p’ dosimeters with exposure X;
Read a first batch of n’ dosimeters ([, ).

Submit the second batch of n’ (dosimeters to the test
described :[“5.3.2.2.

Inspect th
Read them|at the end/of the test (I, ).
b) Working test

All classes

1
533 Test 3.3 — Shocks

5.33.1 PRINCIPLE

To determine the behaviour of dosimeters undpr repeated
shocks.

533.2 TesT RIG(GCHARACTERISTICS AND [TEST
CONDITIONS

The dosimeter's, firmly attached to a shock talle, shall be
submitteditashocks defined as follows (see figurg 8) :

— \maximum nominal deceleration, D : 40 ¢
{9 =981 ms2);

— duration, 7, measured at 10% of tHe nominal
maximum deceleration : 6 £ 1 ms;

— maximum deviation between the real in§tantaneous
deceleration and the theoretical instantaneols decelera-
tion : .10 % of the nominal maximum decelerdtion;

— rebounds : less than £ 10 % of the nominal maximum
deceleration.

The dosimeters shall be subjected to 1 000 shocks at the
rate of one every 2s.

5333 ProceEDURE
a) Retention of information
Class A :

Irradiate n” dosimeters with exposure X.

Submit n'’ non-irradiated dosimeters to the test described
in 5.3.2.2.

Inspect them,

At the end of the test, irradiate them with exposure X
and read them (/;).

5324 ResuLTs
All classes :
“a) Retention of information

Spedify any damage kevealed by visual inspection.

20

Read them (/,); do not reset them to zero.
Submit them to the test described in 5.3.3.2.
Inspect them.

Read them at the end of the test (/,).

Class B :

Proceed as for class A.

Class C:

Irradiate n’ dosimeters with exposure X.

Read them (11 ).



https://standardsiso.com/api/?name=ab582406debc7ebd5221b7ccbb5cbbaf

180 4071-1978 (E)

01D
L W\ .
—— N
-# . 4' (Y N 01D
—_—— \_____{oAP
- T e

Irrgdiate them again with exposure X.
Subimit them to the test described in 5.3.3.2.
Inspect them.

Re

Claps D :

them at the end of the test (/,).

Irrddiate 2 n' dosimeters with exposute X.
Regd a first batch of n’ dosimeters.(/, ).

Subymit the second batch ©F\n' dosimeters to the test
deseribed in 5.3.3.2.

Ins| ect them.
Regd them at the.énd of the test (/). -
b) | Working-test

All|classes':

e o s SN3ape Of the theoretical wave

Limits of the tolerance zone for the
actual wave and the rebounds

FIGURE 8

Calculate the deviation of the readingsg, d :

I, —1
d, = 21 1 x100

1

b) Working test

Specify any damage revealed by visua]inspection.
Calculate the deviation of the readings, d, :

Iy —1
d2=—37—1x100

1
5.3.4 Test 3.4 — Immersion

53.4.1 PRINCIPLE

To test the water-tightness of dosimgters by prolonged
immersion in water.

5.34.2 TEST RIG CHARACTERISTICE AND TEST

Su =
described in 5.3.3.2.

Inspect them.

At the end of the test, irradiate them with exposure X
and read them (I,).

5334 ResuLTs
All classes :
a} Retention of information

Specify any damage revealed by visual inspection.

CONDITIONS

The maximum difference between the temperature of the
dosimeters before the test and that of the testing water
shall be + 20 °C. :

The temperature of the water shall be the same as the
ambient temperature,

The dosimeters shall be immersed to a depth of at least
30 cm, measured from their highest part.

The immersion shall last 2 h.

Only the test of retention of information shall be carried
out (testing of ' irradiated dosimeters).
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5343 PROCEDURE , Calculate the deviation in the readings, d :

. i, —1
Class A o= 21 14100

Irradiate n’ dosimeters with exposure X. 1

Read them (/,); do not reset them to zero.

53.5 Test 3.5 — Abnormal atmospheri diti
Submit them to the test described in'5.3.4.2. normaratmospheric conditions
Inspect them. ’ 535.1 PRINCIPLE

Read them at the end of the test (12)_ To determine the behaviour of dosimeters after being

c*nred_m_a_planuwluuhu:mnsp.hadr_ujditions are
Class B : unusual {as, for example, when transported by-dir).

Proceed as for class A.

Class C: 535.2 TeEST RIG CHARACTERISTICS AND|TEST
CONDITIONS

Irradiate n’ dpsimeters with exposure X.
a) Carry out the test in a-climatic chamber where it is

possible to obtain and/maintain constant the minimum
temperature 6 and préessure p, 6 and p beihg fixed by
the particular specifications, by the statement of

Read them (/

~

Irradiate them again with exposure X.

Submit them|to the test described in 5.3.4.2, ' requirements or'by the manufacturer.

Inspect them The rate of\lowering of the temperature shal| not be less
than 0,4°C/min. The time required to|lower the

Read them at the end of the test (/,). temperature shall not exceed 5 min.

Class D : ' b} (The dosimeters shall be subjected to a petiod of 16 h

Irradiate 2 n' [dosimeters with exposure X. at temperature 6 under pressure p.

Only the working test shall be carried out (test of

Read a first batch of n’ dosimeters (/, ). ol ne W !
n non-irradiated dosimeters).

Submit the kecond batch of n' dosimeters to the test ) . ) :
In simulating transport by air, the temperatufe 8 and the

described in §.3.4.2. .
pressure p can be chosen from among the valdes given, as
Inspect them ' examples, in table 4.

Read them aff the end of the test {/,).
53.5.3 PROCEDURE

Class A :

5344 RespLTs lrradiate n'’ dosimeters with exposure X under normal
atmospheric pressure.
Al classes : P

. . \ . Read them (/,) and reset them to zero.
Ascertain by |visual observatlon whether the case (if any)

is watertight ¢r not. Store them under low atmospheric pressure.

TABIE4—Exampiles of simulated air transportconditions

. Flight altitude # Pressure p Temperature 6
m ‘ Baggage compartment mbar!) °c
h< 5000 500 ~ 50
5000 < A < 10000 250 — b5
unpressurized
10000 <h < 15000 115 — B5
not climatized
15000 < h < 21000 45 — 55
21 000 < 4 < 30000 24 — 55

1} 1 mbar = 100 Pa
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Irradiate them with exposure X under normal atmospheric
pressure.

Read them (/,).
Class B :

Irradiate a first batch of n' dosimeters with exposure X
under normal atmospheric pressure.

Read them {I,).

Store a second batch of n' dosimeters under low

1SO 4071-1978 (E)

— Peacilomyces varioti;
— Trichoderma;

— Chaetomium globosum;
~— Myrothecium verrucaria;
— Stachybotris atra;

— Memnoviella echinata;

— Penicillium funicolosum.

atmosgheric pressure.

Irradiate them with exposure X under normal atmospheric
pressure. .

Read them (/,).
Class (] :
Proceegl as for class A.
Class O :

Proceegl as for class B.

5.3.5.4] ResSULTS
All clagses :
Calculjte the deviation of the readings, d :
I, ~1
d 54-2—Lx100

Iy

5.4 Series IV — Utilization tests

5.4.1 | Test 4.1 — Resistance to moulds
This trt is composed of two parts :
susceptibility to degradation-by moulds {(5.4.1.1);

— |resistance to invasion (56:4.1.2).

5.4.1.] SUSCEPTIBIMNTY TO DEGRADATION BY
Mmoulps ' .

54.1.1.1 PRWNCIPLE

To e\;ﬂ-uate to what extent the dosimeters or certain of
their parts (particularly plastic materials) can be a nutritive

4Read them (/,) and reset them to zero.

Prepare an incomplete medium - {fvithout nutritive
substances) with the components listed-i} table 5.

TABLE 5 — Incomplete mod‘um

Component ‘:: :::' Quantity
Ammonium nitrate NH4NO3 3 g,
Magnesium sulphate Mg8§04 05 g
Potassiumichloride : KCi 0,25 g
Potassium dihydrogen phosphate KHaPO4 1 [*}
Agar-agar 20 g
Distilled water 1 000 mi

A dark tank is needed, in which the following conditions
can be obtained :

—~ temperature : 30 + 1 °C;
— relative humidity : (95 + 5) %.

54.1.1.3 PROCEDURE
Class A :

Irradiate n dosimeters with an exposur¢ X lying between
50 and 85 % of the calibration or of the effective reading
range normally used.

Clean them according to the manufactuter’s directions and
dry them in the air. If need be, clean and|dry their cases.

medium for moulds.

5.4.1.1.2 TEST RIG CHARACTERISTICS AND TEST
CONDITIONS

Prepare a mixed inoculum from the following strains :
— Sterigmatocystis nigra; |
— . Aspergillus amstelodami;
— " Aspergillus flavus;
— Penicillium brevi compactum;

— Penicillium cyclopium;

Place the dosimeter and case together in an airtight
container containing the inoculated agar medium. A control
on which the culture can develop normally shall He
inoculated at the same time.

‘Put the containers wifh the dosimeters and the control in

the tank and leave them for 4 weeks.

Determine the susceptibility of the components of the
dosimeter to degradation by moulds, by inspecting them
each week with the naked eye or with a magnifying glass.

After 4 weeks, clean and dry the dosimeters, irradiate them
with exposure X and read them (/).
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Class B :

Irradiate a first batch of n dosimeters with an exposure X
lying between 50 and 85 % of the calibration or of the
effective range of the scale normally used.

Read them (/,).

Subject a second batch of n dosimeters to mould as
described for class A.

54.1.2.2 TEST RIG CHARACTERISTICS AND TEST
CONDITIONS : :

Use the inoculum specified in 5.4.1.1.2.

Add glucose to the development medium to make it
nutritive.

A dark tank is needed in which the following conditions
can be obtained :

After 4 weeks, clean and dry these dosimeters, irradiate — temperature : 30 = 1.°C;

them with exposure X and read them (/,),
Class C: '

— relative humidity : (95 £ 5] %.

54.1.2.3 PROCEDURE

Proceed as fd
Class D :

Proceed as fa

rclass A.

r class B.

cades :
' O — Noldevelopment of fungus visible with magnifying
glaps.

1 — No| development visible to the naked eye, but
visible with the magnifying glass : germination
of |spores not exceeding a limited and sterile
mylcelium,

2 — Depelopment visible to the naked.eye, in the
form of scattered spots or a moderate uniform
deyelopment.

3 — Copsiderable development({hot -extending over
thg whole dosimeter).

4 — Vety considerable development (extending over
the whole dosimetet):

If approprjate, specify the part affected.

b) For eadch dasimeter, calculate the deviation of the
readings, d :

Class A :

Proceed in the same way as for the test of susd
degradation by moulds (5.4/1.1.3).

Place the mycelium incthetank for 3 days in 1

Proceedbin the same way as for the test of susc
degradation by moulds {(5.4.1.1.3).

Treat the mycelium as described for class A.

After 3 days, put the second lot of n dosimeter
and leave them for 4 weeks.

Class C:
Proceed as for class A.
Class D :

Proceed as for class B.

54.1.24 ResurTs

All classes :

eptibility to

he presence

54.1.14 RgsuLTs of the nutritive meditm. The mycelium should cover the
o whole surface of\/the medium. After 3 days, put the
All classes : n dosimeters in-the'tank and leave them there for 4 weeks.
‘ a) Evalugte the susceptibility of the dosimeters and Class B :
their casej to degradation by moulds by the following

eptibility to

in the tank

a) The degree of resistance to invasion is diven by the

following codes :

0 — No development visible on the dosimeter with a

magnifying glass.

g=2"" 100
. 11

- Evaluate the significance of the deviation by comparison
with the standard deviation given by the homogeneity
test (test 1.4).

54.1.2 RESISTANCE TO INVASION

54.1.2.1 PRINCIPLE

To evaluate the resistance of dosimeters to invasion by
mould in the presence of a nutritive medium.

24

1 — No development visible to the naked eye. With
the magnifying glass, visible invasion of the edges
by a fructified mycelium and/or of the surface by

a sterile mycelium.

2 — Development visible to the naked

eye, in the

form of a considerable invasion of the edges of
the dosimeter or a moderate invasion of the

- surface.

3 — Invasion of at least half of the dosimeter by a
fructified mycelium (note the area affected).

4 — Invasion of the whole dosimeter by
mycelium,

a fructified
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