INTERNATIONAL STANDARD

1S0O 3520-1979 (E)

Vacuum technoxogy — l\ji ass- snectromater-iypo leak-

cdetector calibration

.

0 Introduction

This International Standard specifies procedures to be used for
eal»brax.ng leak detectors of the mass-spectrometer type; that
is, for determining a senshivity ‘Yigure for such leak detentors.
Thz nroca<ues require the usz of o calivrated '22k and 2 stan-
dard yas mixture; the preparation and standardization of thase
are outside the scope of this International Standard. Hereatlter,
the designation “leak detectar” wiil be used 1o refer to a detsc-
tor of the mass spectrometer type. .
A l=2ak detector permits detection of leakarie due o mechanical
openings, such as pinhules, and of icskage due to per:meation,
Such as Stcurs thicuGh imany pulymesric mareniais. Virlesd
leaks, such as those cue to surfuce cesorption, vaposization,
and gas pockets, cannot, in general, be detected by a leak
detector.

The range of leakage-rate calibration is limited to a specified
level since factors thet are unimporiant for larger leaks may
become significant for leak rates that are substantiaily smaller
than 10-12 Pa-m-'*-s-

Objects being tested by a leak detector may-be under high
vacuum, or, at the other exirems, under pressure greater than
atmospheric. The' leak-detection techniques will, in general,
differ in the two situations. in the first case, the leak detector
usualiy will be operating near its ultimate low pressure; in the
second case, the detector is frequently used at or neer its max-
imum operating pressure. Correspanding to these two condi-
tions of operation, two sensitivity terms are defined, “minimum
detectable leak rate” and “minimum detectable concennanon
ratio” (see clause 2.

.

The two quantities thuﬁ defined are related, but in practice it is
not feasible to obtain either figure trom the other by calcula-
tion. Methods are therefo:e speciiied for determining both.

This International Standard is one of a series .,tandardlzmg
leak-testing procedures and apparatus, preparcd for use in the
field of vacuum lechnologv.

Applications fali into the categories : leak ughmess, leak-
detector calibration, calibration of leaks, gas mixtures, accep-
tance specifications for leak-detection instruments and gencral
procedures for ughtness provmg of vacuum p!ant. ’

The above-mentioned requuemems wdl form the subjects of
-future lntemabonal Standatds.
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1 Scope and field of application

This International Standard specifies procedures to be used for
the calibration of mass-specirometer-tyoe icak detectors.

It ceals oniy with leak detectois which have an interrai high
vacuum sysies 1o maintain the sensing eigrrant {rnass spec-
trometer tube) at a low pressure. Specifically excentnd from
treaument are sensing elements withoul such 3 vacuum system.
Itis also to be undersivod it the procedures are not intended
to constitute a complete acceplance test; such tests will ba the
subject of o future Internstional Standard.

This Interranonal Standard concarns the use of hckum 4.
Nevertheless, the procedures descnbed may be uced for other
search gases such as agon-40, subject 10 apprupriale prutau-
tions.

The application of this Intemational Standard is restricted to
leak detectors not vapabie of Jetecting leaks smaller ihan
10-12 Pa-m3.s-1,

B

Two procedures are outlined, one for determining the minimum
detectabiz leak rate and the other for determining the minimum
detectable concentration ratio. These are applicable to the use
of the leak dutector for high vacuum: and for pressures greater
than atmospheric, respectively.

2 Definitions
NOTES

1 An ISO glossary of terms used in vacuum technology is not yet
available. In view of this, the following list of definitions has been
prepared; usage in this Internationat Standard wilt conform to these
definitions. _ :

2 Where a word may be either a noun or 3 verb, the lettors ““n” of
“v”, in parentheses, indicate which usage is involved.

2.1 Background {or residual signal)

2.1.1 background : In general, the total spurious indication
given by the leak detector without injected search gas.
Background can originate in either the mass spectrometer tube
.{see below) or the associated electric and electronic circuitry, of

- both. {Frequently, the termis used to refer specifically to the in-

ducauon due to ions other than those produced lrom nmected_




2.1.2 drift : The relatively slow change in the background.
The significant parameter is the maximum drift measured in a
specified period of time.

2.1.3 noise : The relatively rapid changes in the background.
The significant parameter is the noise measured in a specified
period of time.

2.1.4 helium background : Background due to helium
released from the walls of the leak detector or leak-detection
system.

2.2 Components

2.2.1 inletline or sample inlet line : The line through which

the search gas passes from the object under test to the leak
detector.

n..2.2 inlet valve : A valve which is placed at the end of the

sample inlet fine and adjocent to the lcak detector. (See
figure 1.) Almost invarisbly the inlet valve is an integral part of
the leak detector.

2.2.3 leak isolation valve : A valve placed between a leak
- which is to be used for testing the leak detector and the sample
inlet line. (See figure 1.)

224 pump valve : A valve placed hetween the roughing
pumo used for evacuating the sampie miet line andg that une.
{See ﬁgure 1) :

2.25 vent valve : A valve used to admit air or other gas into
an evacuated space s0 as 10 increase the pressure therein to at-
mospheric pressure. {See figure 1.) :

2.26 backing-off control; zero control : An clectrical con-

trol, present on most leak detectors, which may be used to shift

he output indication of the device. Frequently, the backing-off

Aontrol is used to return the output indication to zero of the
scale, whence the alternative name.

227 filament : The source of the (thermal) electrons which
ioniza the pases in the NMdss specirometer tube, the filament is
located in this tube.

23 mass spectrometer tuba : That elament of a leak
dﬂtet.tor in which the search gas is ionized and detected.
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2.3 Search gas

search gas : A gas applied to the outer surface of equipment
under leak test and dotected, after entry into the equipment
through the leak, in @ vacuum test, or introduced into the

equipment under test and detected after it is emitted from the

leak, in a pressure test.
24 Leaks

2.4.1 leak (n): In vacuum technology, a hole, porosity,
permeai.~ element, or other structure in the wall of an

. enclosure capable of passing gas from one side of the wall to

the other under action of a pressure or concentration difference

existing across the wall.

Also, 3 device which can be used to introduce gas into an
evacuated system.

2.4.2 channel leak : A leak which consists of one or more
discrete passages that may be ideolly treated as long cagillaries.

243 membrane leak : A leak which permits gas fiow by
permeation of the gas through a non-porous wall. For helium,
this wall may be of glass, quartz, or other suitable material.

2.4.4 molecular leak : A leak through v-hich the mass rate
of flow is substantially proportional to the reciprocal of the
square root of the molecular mass of the flowing gas.

245 viscous leak : A leak through which the mass rate of
flow is substantially proportional to the reciprocal of the
viscosity of the Bowing gas.

246 califnated leak : A leak device whick provides a
known mass rata of flow for a specific gas under specific condi-
tions.

2.4.7 standard leak : A calibrated leak for which the rate of

leakage is known under standard conditicns: namcly,
23 + 7 °C. a pressure of 100 kPa = 5 % at one end of the
leak, and a pressure at the other end so low as to have a negligi-
ole effect on thefleak rate.
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2.3.8 virtualisak : The semblance of a lsak du2 10 evolutior
of gas or vapour within a system.

25 Leuk rates

2.5.3 leak rate: The throughput?, in Pa-m3s-}, of a
specific gas which pa.,ses through a leak under specmc condi-
tions.

25.2 standard air leak rata : The throughput, through a
leak, of atmosoheric air of dewpoint less than — 25 °C under
standard conditions speciﬁed as follows : the inlet pressusa
shall be 100'kFa £ 5 S5, the outlet pressure shall be lsss thai

1 kPa, and the temperatuze shal be 23 + 7 °C. -

1] Dtﬂevenlmed fmm volume rate of flow, which is also caﬂed pumping cpeea™. Th-wghpot is equalem to mass rate of flow, wtwn the

tempenmmdmoleculavmof thegasawspecahed
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25.3 cquivalent standard air leak rate : Short-path leaks
having standard an lcak rates less ~than 10~ -7 to
10 8 Pa-m3-s -1 are of the muicuular type {see 2.4.4). Conse- .
quently, helium (relauve molecular iass 4) passes through
such leaks more rapidly than air (refaiwve molecular mass 29,0},

and a given flow rate of helium corresponds 1o a smaller flow
_rate of air. In this International Standard, helium flow is .-

measured snd the “‘equivalert standard air leak rate” is taken as
v4/29,0 = 0,37 times the helium leak rate under standard
conditions {see 2.5.2). - .- ael e

2.6 Operation of the leak detector

2.6.1 peak (n) : The trace showing 3@ maximum on the chart
recorder when the leak detector is mass scanned (see below)
with gas present, usually the search gas, to which the detector
is sensitive.

2 peak (v) : To 5o set the scanning control (see 2.6.3) of
a leak desecior that the outnut due 10 2 given search gas input
is maxsmezed. A form of tuni:g.

2.6.3 scan {v) : To vary the accclerating voltage (or other
equivalent opzrating parameter) ot a leak detector, particularly
across that range of voltage which includes the voltag?
necessivy 10 produce a search gas peak.

2.6.4 wne i} inleah-daicciion technoalogy, 1o adjust one of
more of the centrols of 3 lear dotector Lo that its response 10 3
search gas is maximized. Tuning by means ol the scanning
control only is called “peaking™.

2.6.5 zero {v) : To adjust the backing-off or zero control so

that the output indication of the leak detector is at the zero of .

the indicating scale or at some other reference point.

2.7 Relative gas concentration

0 - \

" 2.7.1 concentration ratio : Same as mole fraction {2.7.2).

2.7.2 mole fraction : The ratio of the number of atoms (or.
molecules) of a given constituent of a mixture to the total
number of atcms (or molecules) in the mixture. For ideal gases,
the mole fraction has the same value as the fraction based on
volume; in general, leak detectors are operated in the pressure
range where gases behave ideally. Same as concentration ratio.

2.7.3 partial pressure : In a mixture of gases, the partial
pressure of a constituent is the product of the total pressure of
the mixture and the mole fracnon or concentration ratio oi the
gwen constituent.

.

2.8 Sensitivity terms

2.8.1 sensitivity : The sensitivity of a device is the change in
output of the device divided by the change in input which caus-
ed the rcsponse.

2.8.2 minimum detectable signal : An cutput signal due to

‘
:

i

incoming search gas which is equal to the sum of the noise and
the drift. .

- . Vo
2.8.3 minimum detectable leak, minimum detectable

" teak rate : The smallest leak, as specified by its standard air

leak rate, that can be detected unambiguously by a given leak
detector {see clause 1). The minimum dectectable leak rate
depends on a number of factors. Physically, it depends on the
volume rate of flow, g,; of the search gas, measured at the ion
source, and minimum partial pressure pg, of the search gas in
the ion source that can be detected, accordmg to the formula

minimum detectable leak rate = pg X @y

The minimum detectable leak rate will be calculated as the ratio
of the minimum detectable signal and the sensitivity.

NOTE — One of the purposes of this international Standard is to
describe practical procecures for determining mininmum detectable leirk
1ate, taking intn account background, volume rate ot flow (pumping
speed), and time factor.

284 minimum dectectakle concentsation atio: The
smallest concentration ratio of a given seorch gas in an &ir imix-
ture that can be detected unambiguously by a given leak rletec-
tor when the mixture is ted to the detector at such a rate as to
raise the pressure in the instrument to some optimum higi
value. In this International Standard, the minunum detcctable
teak rate is calculated — by a somewhat atbitrary procedure -
from obseivaeiions of the response of the leak detector to 2
helium-air. mixzure of known helium concentration 3tio (sce
3.5 i :

29 Time factors B

291 time constant t: The time interval ~c.ired for the
output of an instrument or system to change by 1 — 1/eor
63 % of the ultimate {steady-state) output change produced by
an abrupt change in input.

2.9.2 respouse time : The time constant corresponding 10 2
change from a zero or small leak-rate indication, to positive or
larger leak-rate indication.

2.9.3 cleanup time, clearing time : The time constant cor-
responding to a change from a positive leak-rate indicationto a
small or zero leak-rate indication.

NOTE — In this tnternational Standard response time and cleanup time
are assumed to be equal.

3 Test conditions
3.1 Ambient temperature

Ambient temperature should be 23 £ 7 °C.

3.2 Ambient pressure S

Ambient pressure should be 100 kPa + 5 %. When the devia-
tion from 100 kPa exceeds 5 %, an appropriate correction shail
be made, with 5 % tolerable |naccuracy.



3.3 Leaks o

3.3.1 General

Two leaks may be required : one with a ‘relatively small leak rate

. Where ap
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plicable, atmospheric air may be used as the helium’
mixture. In either case, the air for the mixture should be obtain-

-~ €d from a point at least 2 m outside the walls of the building -

housing the test equipment. Hefium concentration ratio shallbe , .
. represented by the symbol Cy, and should be expressed as a

and the other with a relatively large leak rate. The small leak is* = fraction with numerator reduced to unity. Alternatively, the -

used for determining minimum detectable leak, the large leak’

for minimum detectable concentration ratio. The small leak :
should be calibrated and may be of the channel type or of the
memubrane type; preferably, the large leak should be capable of -

being adjusted to vary its leak rate, but this is not essential, The

leaks are speciticd in the following sub-clauses. e e e

. iy s
(RIS RN RO 5

3.3.2 Small channel leak

R R s b

This should have a leak rate such that when hefium, ‘at 100 kPa’

pressure ahd 23 + 7 °C, is fed to the leak and thence to the
leck detector under test, a deflection is produced on the
tecorder chart which is not less than 50 times the minimum
efcctable signal (see 6.1.2). The leak detector should have
“peen adjusted asin 4.3 below. A temperature correction should
L2 sneciting for tha tcak. end this correction apglied for the dif-
ference benvesn (he wmparature of the leak at the time of use
and the empe:ature at which the leak was calibrated.

3.3.3 Smail membrane leak

This should have its own integral, sealed source of helium at
nTTiSs5 than 10D kPa pressure. it should ieak the helium at a
sate which will produce a deflection as specified under small
channel Iezk (see 3.3.2). A tnmperature correction should be
specified for the leak, and this correction applied for the dii-

ference between the temperature of the leak at the time of use

. and the temperature at which the leak was calibrated, g
_.‘* - L S s

"3.3.4 Large {aqjustabie) feak

This should be a viscous leak, either fixed or so adjusted that

when connected to the leak datector with ambient air at the in-
let side of the icak, the pressure in the leak detector rises to the
optimum high operating pressure {+ 50 %) specified by the
manufacturer, ' ’

3.4 Helium _

e N
This should be at least 29 % hetium (available from commercial
dezlers in bottled gases). . o

3.5 Helium mixture

This should be a helium and air mixture of a known helium con-
centration ratio such that it produces a deflection of at least 10
times the minimuin detectabie signal (see 6.1.2) when fedata
pressure of 100 kPa + 5 % and at a temperature of 23 + 7 °C
to the large (adjustable) leak (see 3.3.4) and thence into the leak
detector under test. :

1} The law:st data indicate 5,24 parts per million of helium in air by v
{American Meteorological Society, Boston, 1951), pp.3-10. . :

+r concentration ratio may be expressed in parts of helium per

million parts of mixture (parts per million by.volume). The con- :

7 centration ratio of hefiur in air should be taken arbitrarily as :
¥+ 1/200 000 or 5 parts per million, and this figure should be taken "
o into account when preparing mixtures containing more

“CheliumM ot S : - s
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4.1 Descriétion
4.1.1 Leak detector

4.1.1.1  The helium leak detector considered here is essentially
a gas analyser employing the mass spectrometer principle. in
the mass spectrometer tube, a mixtyre of gases from the object
under test is first ionized, then separated into a series of ion

"beams or groups, each beam or group ideally representing 2
single species of gas. (Actually, the ions in each beam have the
same mass-10-chagge ratio.} In the helium leok detector, mean$
are providad for “tuning” the instrument £3 that only the Leans
due to helium hits an ion collector. (The detector can be re-
tuned, generaily, to respond to other gases.) The current pro-
duced by the beam is amplificd, and its magnitude is.a measure
of the partial pressure of the helium gas in the incoming sam-
_ple. It will be assumed that the gas ionization is produced by
electrons form a hot filament. - .. ¢ .o .

-
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4.1.1.2 Leak detectors consist of a masg spectrometer tube, a
high-vacuum system for maintaining the tube under vacuum
with a flow of gag sample through or into the tube, voltage sup-
plies, and an ion-current amplifier. The output of the amplifier
can be displayed in a number of ways, and almost invariably an
indicating electrical meter is one of ths means chosen. For the
purposes of the present procedures, however, it will be assum-
ed that the output is shown on a chart recorder. Means are pro- -
vided for reducing the output so that a large range of leak sizes
can be detected and measured. In other words, the leak detec-
tor can be set at one of a number of different detection levels,
hereafiar referred to as sensitivity settings.

4.1.1.3 Since the spectrometer tube is required to receive a
gas sample from the cystem under test and also to be kept
.under vacuum, an inlet line is provided for leading gas from the
outside into the spectrometer tube, and this line must have an
isolation valve (“inlet valve) in it. Likewise, a pressure-
indicating device is also included; the pressure in the spec-
trometer tube may thus be observed, and prevented from ex-
ceeding the maximum specified operating pressure.

olume ~ GLUECKAUF, E., Compendium of Meteorology, T.F. Malcne, ed.



4.1.1: Chart’récotdc’rx '

R Y "‘1 LA 4 . vt Tray e

4.1.2. 1 This should be an instrument of at Ieast 1h reco:dnng
time suitable for rec_ordmg the output of the leak detector under

test. -
RS 2L AN
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.

define the operation of the leak detector near the limit of its
sensitivity. The initial stage is therefore concerned with the

" - determination of the minimum detectable signal in terms of

-

The time constam of the recorder should be small enough to in-
troduce no erros in.the response time of the leak detector. !

4.1.2.2 Theré "shouid be negligible imcraction between the
recorder and the output indicating meter; i.e. the velocity of the
pointer of either should not generate sutficient clectrical signal
to atfect the indication of the other. If the recorder is connected
in paraliel with the meter, this interaction will be negligibie if
each has an input resistance 200 times that of their common
voltage source.

12 Arrangement for test

4.2.1 The leak detector 1s connected to an auxiliary system as
shown in figure 1. {Frenuently. the auxiliary system is included
with the leak detector as an inteqral part thereof.)

422 The system should contain 3 minimum of rubber or
other polymeric surfaces. Preferably, such surfaces should
consist only of the exposed surfaces of an 0O-ting or O-rings.
Accordingly, the “leak isoiation valve™ shown in figure 1
shouid preferably be of all-mietal constructicn, Lut is any cace
shou!d notactas a scgn.focam source of adsorbed helium.

Kh
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4.3 Preparatlon for test . P
4..1 e leak"dé'tector shiouk; have been connected to a

power source consurming in voltage, frequency, and tegulatnon
to the manufactuter’s specuﬁcahons )

.w’_ ;' .
\ 4.3.2 The leak detecto. should have been “warmed up”, as
specified by the manufacturer, prior to all test procedures.

4.3.3 The leak detector under test should have been adjusted
for optimum detection of helium in the manner specified by the
manufacturer. ... o . ;

4.3.4 Iifthe vécbum system of the leak detector is such as to

) permit adjustment of volume rate of flow (pumping speed), ‘the
!ectad rate should not be varied during the test,

4 3 5 The tecotdef should be adjusted so that full scale on the:

recorder corresponds to full scale of the leak detector output
meter when the leak detector is at its most sensitive detection
setting and so that zero of the recorder corresponds to zero of
the output meter.

5 Test procedure

. 5. 1 General
. Y :

ln order to determme the minimum detectable leak and/or the

" minimum detectable concentration ratio it is necessary to

s

S

‘1;;_5.2 Minimum detectable leak

. 5.2.1 Drift and r;oi;se determination

drift and noise. This is followed by the datermination of the
overall sensitivity of the .instrument wuh refetence 'o a
cahbrated leak. - % .

0(4

.
.
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5.2.1.1 Connect the output of the leak detector to the

“recorder, the leak detector being at its maximum sensitivity set-
ting and the inlet valve closed. See also 4.3.

6.2.1.2 Adjust-the leak detector backing-off {or zero) contro!
s0 that the recorder reading is approximatety 50 % of fult scale,
the fitament being on. i

5.2.1.3 Record the output for 20 min or until the output has
reached fuli scale, for positive drift, or zero, for negative drift.

5.2.1.4 Draw a series of line segments intersecting the curve
recorded in 5.2.1.3, the lines to be drawn at 1 min interezls 2
right anales 1o the time axis (abscisia) of the chart, and to com:
nence at the point where the procedure of 5.2.13 is smn'-d
he lines s ‘Y pin linas”

Aemyay

droven wiit be u'!e-! uw

5.2.1.5 Treat the drift and noise curves as in 6.1.1.

. 4
Dsaw straight-line approximations for each segment of the

curve between adjacent 1 min lines.
¢ . o )

6.2.2 Spurious signal determinaticn

§.2.2.1 This determination requires the use of the small
calibrated leak. If the calibrated leak has its own integra! valve,
and the leak and valve are of all-metal construction (except
perhaps for the membrane in a membrane-type leak), sub-
clause 5.2.2 may be omitted from the procedure.

5.2.2.2 Connect a metal plug to the leak detector as indicated
on the left side of figure 1.

5.2.2.3 Zero the output, with the filament on.

5.2.2.4 Open the leak isolation valve.

5.2.25 Open the pump Vaw2s.

NOTE — For its safcty, the filament of the mass spectrometer tube
may be turned off at this point.

§.2.2.6 ‘When the atmospheric air present between the plug
and the inlet valve has been evacuated, close the pump valve.

‘5227 Open the inlet valve prompily, but gradually. Allow

the pressure in the leak detector to reach a sleady value, show-
ing no observable change in 1 min.



5.2.2.8 Turm on the filament of the mass spect;omete( tube it
it is not on.

5.2.2.9 When the output has reached a steady value, but in
any case not longer than 3 min after initiating the progedure in
5.2.2.7, note the output reading. If the leak detector has been
set at reduced sensitivity, the reading should be converted to
equivalent scale divisions for full-sensitivity setting.

5.2.2.10 Close the leak isolation valve as rapidly as feasible,
and 10 s thereafter, note the output reading. As in 5.2.2.9, con-
vert the 12ading if necessary.

5.2.2.11 Close the inlet valve, ’
5.2.2.12 Open the vent valve.

© 213 Remove only the plug from the inlet line; all connec-
tiunis are to remain in place.

" 5.2.2.14 Close the vent valve.

5.2.3 Sensitivity determination

5.23.1 Put the small calibrated ieak in place of the plug
removed in 5.2.2.13 above, inserting the lesk ihe same distance
into the connaction as the plug had been.

5.2.3.2 Zero the oU(but with the filament on.
5233 Open the lezk isolation valve.
52.3.4 Open the pump valve.

5.2.3.5 Apply hefium at 100 kPa + 5 % pressure 1o the leak.
I:F&e !«i‘ hg.s'its own supply of helium, omit this step.

NOTE —2%he filament of the mass spectro-i.ater tube may be turned
oft before 5.2.3.6.

§.2.3.6 When the atmosgheric air present between the
calibrated leak and the leak detector has been evzcuated, close
the pump valve.

s -

5.2.3.7 Open the inlet valve promptly after inilia(ihg the pro-
cedure in 5.2.3.6. Allow the pressure in the leak detector to
reach a steady value. showing no observable change in 1 min.

5.2.3.8 Tumon (he fnlamem of the mass spectrometﬂr tube if
it is not on.

5.2.3.3 At this point it may be neces ssry to change the sen-
sitivity setting. VWhen the output signal has reached a steady
value, showing a change in 1 min which is not greater than the
drift {as corrected for the sensitivity setting), note the oufput
reading in scale divisions. 1f the leak detector has been sat at
reduced sensitivity, the reading should be converted to the
equivalent scale divisions for fuli-sensitivity selting.

5.2.3.10 Immediately after the preceding step, start the stop-
watch and simultaneously close .the leak isolation valve as
rapidly as practical. Alternatively, the tecorder chart may be
marked to indicate the beginning of the timed period and the
leak isolation valve then closed rapldly.

5.2.3.11 In order to detesmine the cleanup time (see 2.9), it is
necessary to observe the output continuously and stop the
stopwatch when the reading has decreased to 37 % of the
reading observed in 5.2.3.9 above. Note the reading of the
stopwatch. Alternatively, examine 1he recorder chart to deter-
mine the time required for the specificd decrease in output.

NOTE — Should cleanup time be a function of sensitivity setting, the
time observed should be corrected to the cleanup time at full sensitivity
setting, if any other setting was used.

5.2.3.12 One minute after closing the leak valve {5.2.3.10j,

read and note the output. Correct for sensilivity setting as in
5.2.3.9.

5.3 Minimum detectable concentration ratio

5.3.1 General

5.3.1.1 The determination of minimum detectable concentra-
ticn ratio requires means within the leak detccior undar tost for
scanning the: helium peak. This means is geperally an adjist-
ment of the scceierating voltage, and it will be assumed :hat
this is the case {zoe 2.6.3). When taak-datestor Sutput iscale
divisions) is plotted against accelerating voltage, 3 curve Is ob-
tained, whose general features are iilustrated by the solid lincin
ligure 2 a). The rise in the curve to a peak at 8 is due to the
presence of helium, The faired curve indicated by a hroken line
is due to a varying background signal contributed by other ions
in the absence of helium. With helium present, and in the
absence of background, the curve obtaingd would be sym-
metrical, falling off asymptotically to zero on either side of tha
peak voltage. The Lurve shown in figura 2 a) is very rearly a
direct superposition of the background curve and the sym-
metrical pure-helium curve. .

*

5.3.1.2 1t should be noted that as the voltage is varied from
the left side of the graph to the right, the output first decreases,
then increzscs, and finally decreases again. This raversal in
direction, indicating the presence of helium, is very easily
detected when the scan is being observed visually on a meter.
As the helium input is progressively reduced, the reversal
becomes smaller until eventually a curve, such as is shown by
the solid line in figure 2 b), is obtained. Under these conditions

_ the output never reverses; it remains constant for a very short .

voltag2 interval. Such a condition will barely be detected by the
usual visual observations. In the absence of noise and drift, the
concentration ratio of helium which produces this condition
dcxerm{n&s the minimum detectable concentration ratio.

5.3.1.3 Hulium backgrourd gives rice to a trace simi'ar to that
of figure 2 a). Tiw: towi situation is illustrated by figire 2 ¢).
the tirst (lowest) sclid-line curve represents the rinimum
detectable concentratiort ratio. The next curve represents the
hediuin output due to background in the absance of injected
helium. The third curve represents the oulput due to meoming
helium plus helium background. .



53.1.4  In the fotowing determinatoon the ki background
is caitzd the spunous signal.

5.3.3.5 Undar practical conditions it is noL posalz 1o mrke 3
rigidly correct deisrmination of the minirnum geizctable con-
centration 1atio as defined abova. I he tollowiiy, somaahat
arbitrary determinziicns are used for calculatng o scnsitraty
The minmum  detcciabie  concentration rgtio SO
obiwiied is ore that is reascnahie i the light oi practicul ex-
potience.

. S,

5.2.2 Drift and noise detenmination

£.3.2.1 Connezt the output of the j2ak deiccior w the
recorder, tha lerk detecior Eang at s maxETim Sentivity set

ing, iho inlet vaive clossd, ard he oot off. See 4.3

v.- 2.2 smnct tha inak detectot {6 an ewatiary systens us
nev. i il ang furtcs et in 200
$.3.2.3  Connort the wores sk caiatad ol ., Lusiatlodioire

lenr, sinto0tor, See fijute )

5.3.2.&8 T m‘(msp\uric e e b
1G5 kPad S%. 1 tie s TR

the feed e stiouid ca T o

~eei

preiomety snowd e OF coame e StTh DL BT
5.3.2.5 Open the igak is )10 Vol

5.3.2.6 Open the pump valve.

5.3.2.7 When ne atmospheric air present betwean the leak
and the inlet valve has becn evacuated, open the inict valve.

) 5.3.2.8 Close the pump valve.

.

5.3.2.9 I an adjustatle leak is being used, adjuct it to biing
the prcssure in the leok detector to its opimurn vilue as
specified in 3.3.4.

5.3.2.10 Turn on the filsment and adjust the sensitivity con-
trol, if necessary, to the hignost sensitivity sctting that will

. result in an on-scale recordes indication.

5.3.2.11 Adjust the backing-off {or zerb) control so that the
recorder reading is as ncar 1o 50 % of full scale as possible.

5.3.2.12 Record the output for 20 min or unti! the output has
reached full scale, for positive dnift, or zerv for negative drift.
This record is called the crift curve.

5.3.2.13 "Set the sensitivity centrol on full-sensitivity setting.
If the indication is off-scale, Lring it to mid-scale by means of
the backing-off lor zeroi control. If thiv is not possible, set the
sensitivity control to the highest sensitivity setting that vill pro-
duce an on-scale indication. Bring the indication to mid-scole
by means of the backing-off o zero) control.

15,3214 Recond the outpd? for 20 rin er ol the cuiput is
ot scale. This tevord is cailed e noise Luive.

5.3.2.15 Trcat the drift and noise curves as in 6.1.1.

5.3.3 Spurious signal deteimination

5.3.3.1 With the couipment as it was at the and 0f5.3.2.13,
close the leak isolation valve.

5.3.2.2 Set the 122k datector for the Gralical concitivity that
will give on-scale readinys. {if necessary, 1eadjusi the SEaNNING
control for helium neak.d

5253 Whan the output signal hes reg
showng ro chizsveble chunnz in i min,

shed for the nstrument. 7 hs ouiut:

5.3.3.¢ Tzke ti.e ordindte AB as d mifseit
baubgrcund, O being locamedt et the Mmanie <

vy B

A Girectiy o

§.2.3.5 If AR is not zero, repeat the seuiiag 3 1 min eter
vais untit AB has bzeome zoro or has not chanqgisd cver A
30 min posiod.

5.3.4 Sensitivity determination
5.3.4.1 Close the inlet valve.
5.3.4.2 Open the leak isoletion valve.

5.3.4.3 Open the pump valve.

NOTE — The filament may be turned off at this point.

§.3.4.4 When the air present between the lcak and th2 inict
valva has been evacuated, open the inlet valve.

5.2.45 Close the pump valve.

5.3.4.6 When the pressure in the leak cetector has reached a
steady value, showing no change in 1 min. turn on the filament
if it is not on.

5.3.4.7 When the output signal has reachnd a steady value,
showing no change in 1 min which is greater than the drift isec
6.2.1.1), scan the helium peak as specificd tor the instrument.
The ouiput will, in gencral, produce a cuive of the form shown
in figure 2 a). The curve is faired, asis also shown in figure 20!
by the bioken line. ' . .



6 Expression of results
6.1 Minimum detectable leak procedure
6.1.1 Drift and noise

6.1.1.1 Examine the straight line .oproximations of 5.2.1 to
determine that 1 min segment of the outnut drilt curve having
the greatest slope. This greatest slope is measured in scale divi-
sions per minute and is called the drif. I the greatest slope is
less than- the scale divisions corresponding to 2 % of %ill scale

of the recorder, determine the totai (absolute) change in output .

over the 20 min period. The total change divided by 20 is then
called the drift.

6.1.1.2 For each 1 min segment of the noise curve, determine
the maximum (absolute) deviation of the recorded curve from
tha straight fine approximation.

6.1.1.3 The average of these maximum deviaticns, muliplied
by 2, is cailed the noise {scale divisions).

NOTE — !n determining the noise, any large deviation occurring no
more than snce in the length of the recorded curve shall be neglected.

6.1.2 Minimum detectable signal

The minimum detectable signal is taken to be equal to the sum
of the abspiute values of the dnit in 1 min and of the noisc. It
should be measured in scale divisions. i the sum is less than
the scale divisions corresponding to 2 % of ‘ull scale, then the
scale divisions corresponding to 2 % of full scale is called the
minimum detectable signal.

6.1.3 Spurious-signal correction

Subtract the reading noted in 5.2.2.10 from that noted in
2.2.9. If the ditference is ..cgative, it is to be considerzd equal
/ zero. The difference will b= called the “spurious signal cor-
rection” and will be applied in 6.1.4.2.

6.1.4 Sensitivity

6.1.4.7 The uncorrerted signal due to the calibrated l:ak shall
be taken as the difference betnween the reading noted in
5.2.3.9, and that noted in 5.2.3.12 after tha required conversion
of these readings to equivalent scale divisions at full-sensitivity
setting has been made.

6.1.4.2 The corrected signal due to the calibrated leak is taken
as the difference between the uncorracted signal {see 3.1.4.1),
and the spurious-signal correction in 6.1.2. The sensitivity is
calculated by the formula below and should always be stated
together with the response timsa.

Sensitivity, with response time =

Signal due to calibrated leak

Standard or equivalent standaid air leak
rate of calibrated leak

mula

The units are scale divisions {on full-sensitivity setting) per unit
leak rate {2.5 and 2.8).

6.1.5 Minimum detectable leak

Referring to 6.1.2 and 6.1.:4.2 this is calculated from the for-

Minimum detectable leak, with response time =

Minimum detectable signal

Sensitivity

The units are those of leak rate.

6.2 Minimum detectable concentration ratio pro-
cedure

6.2.1 Drift and noise

6.2.1.1 Determine the drift from the drift curve as in 6.1.1.1,
correcting for any reduced sensitivity setting.

6.2.1.2 Determine the noise from the noise curve asin 6.1.1.2
and 6.1:1.3.

6.2.2 Minhnumn detectable signal

This shouid be caiculared as in 5.1.2,

6.2.3 Spurious signal

It AB Isee tigure 2 a) and 6.2.41 is ultimately Jifferent from -
zero, its magnitude is determinad and is refurrndd 0 as the
spurious signal {s.s) {scale divisicns). If the leak detector is at
recduced senitivity setting, the s.s. should b2 converted to
equivalent scale divisions at full-sensitivity setting.

6.2.4 Minirnum detectabla concentration ratio

Mark cn the curves the point 8 (scan maximum), point A
{divacily. below B), paint D (scan minimuam) and point C {direct-
ly below D). Measure the distances of points 8, A, and C from
the abscissa {voltage axis) of the chart (scale divisions) and
denote these ordinates respectively by b, a and ¢. i the sk
detcctor is at reducad sensitivity setting, the ordinate should be
converted into enquivalent scale divisions at full- sensmwty set-

. ting (see figure 2 a) and 5.3.4.7).

The minimuin detectable cnncentration ratio should te
calculated by the fonmula

Minimum detectable concentration ratio =

.

L.,xh—-u)/(b—a - s5.5)

where

Chy is the concentrauon ratio of the heium mixte {s2e
.3.5).



s.s is the spurious sigadl ts2e 6.2.3);

ove

«, b and ¢ are as defincd <bove,

Or, if tc - «) is less than the minimum detectable signal MDS

{see 6.1.2), use the tormula :
Minimum detectable concentration ratio =

Cy x IMDS) / (b ~ @ = s.5)

7 Testreport

7.1 Test results

The test report should include the relevant results obtained
from the tests described in clause 5 and cetermined in accor-
dance with clause 6 together with a statement of the accuracy
of the results obtained. :

7.2 Test conditions

The test report should record the ralevant test corditions at the
time of test, as delailed in clause 3 with particular emphasis on
the test g3s used and the ambient temperature.



Vent velve (2.2.5)

Calibrated teak, or halium
mixture and leak, or piug
{3.32,333, 3.3.49)

Leak isofation
valve {2.2.3)

S

Pump volve

{2.2.4)

Julet valve
{22.2)

P
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Leak deteciur

Figue2 1 — Test arrang2ment
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F shows He background
G shows minimum detectable concentration ratio

Figure 2 — Graphical representation of leak detcctor output versus accelerator voltage
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