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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Non-destructive testing — Leak testing — Tracer gas method

1 Scope

This document describes the techniques to be applied for the detection of a leak, using a tracer gas and
a tracer gas specific leak detector.

2 lLIormative references

The
cons
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ISO 2

For t

ISO 4
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q
q

q

q

Terms and definitions

gn alkali jerydiode, for halogen gas, and electron-capture equipment (i.e. for SFg);

g Pirani gauge, for tracer gas with thermal conductivity different from that of {

following documents are referred to in the text in such a way that some or:all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

0484, Non-destructive testing — Leak testing — Vocabulary

he purposes of this document, the terms and definitions‘given in ISO 20484 apply.
nd IEC maintain terminological databases for use in‘standardization at the following g
SO Online browsing platform: available at https=//www.iso.or

EC Electropedia: available at http://www.electropedia.org/

Principles of detection

'tial pressure difference of tracer-gas is created across the boundary of the object to b
r gas, having passed throughithe leak, is revealed by its physical or chemical properti
‘tion is generally based onyreactions that cause a local colour change (the object §
fore be visible).

ction based on physical properties usually involves a sensor, for example:

| mass spectrometer, tuned for the specific tracer gas used (generally helium-4);

itmosphere;

heir content
applies. For
hts) applies.

ddresses:

tested. The
bs. Chemical
urface shall

he ambient

a photometer, with band-pass filter in the frequency range of the tracer gas absorption or emission.

These types of detection generally give an electrical signal which varies with the tracer gas partial
pressure.

The reference conditions should be selected and agreed between a leak tester and a customer. The
reference conditions should be clearly stated and claimed by a leak tester in the test report (see
Clause 10).
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5 Generation and detection of tracer gas flow

5.1 Tracer gas flows into the object (Group A techniques)

A pressure difference across the wall is obtained either by evacuation of the object, e.g. through a
connection or by placing it in a pressurized chamber. Usually the test object is evacuated. Tracer gas
is then applied to the external surface using a probe jet or by enclosing the object (totally or partially)
in a hood or chamber filled with the tracer gas. Tracer gas leakage into the test object is detected by a
sensor within or connected to the internal volume.

5.2 Tracq

The object

pressurizatjon of the object, e.g. through a connection or by placing it in a vacuum chamber./The t

gas is collec
hood or cha

A special te
to force the

chamber anld escaping tracer gas is detected (this procedure is generally-used only with heliu

This metho

centimetres|.

6 Appar

The test apf
6.1 Leak

6.2 Calib
refer to ISO

q toftireobject {6 Btechmi )
s filled with a tracer gas. A pressure difference across the wall is obtained eithg

Led on the outside surface by a sampling probe, a carrier gas flow or by accumulation i
mber. Tracer gas can also be detected by chemical reactions.

chnique (bombing) may also be used. This involves the pressurizatipn of a sealed o
tracer gas into its internal cavities, if a leak exists. The object is then placed in a vac

] is applicable to specimens with small free internal volumés (in the order of a few

atus

aratus may include part or all of the following:
etector or chemical reagents able to detect the selected tracer gas.

ated leaks, calibrated for discharge into vacuum and/or against atmospheric pres
P0486.

ure and temperature gauges.

I gas or certified gasmixture.

ary vacuum systems.

vacuum or pressurizing chamber, jet or sampling probe.

hg dry gas, liquid nitrogen (for cold trap), if necessary.

br by
racer
nto a

bject
uum
m-4).
cubic

sure;

6.3 Press
6.4 Trace
6.5 Auxili
6.6 Hood
6.7 Purgi
6.8 Equip
6.9 Equip

ment for tracer gas treatment-recovery.

ment for test area ventilation.

6.10 Datarecording equipment.

7 Object preparation

The object to be tested shall be adequately cleaned, degreased and dried. Openings and apertures which
are not involved in the test shall be closed with test seals, e.g. plugs, welding, suitable material and
gaskets. Whenever possible, testing should be carried out before plating, painting or the application of

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=49ab18993d35c4fa03915a53c1634758

ISO 20485:2017(E)

ultrasonic couplant. If the object needs to be evacuated, the presence of porous or plastic materials should
be avoided. This helps to avoid spurious indications (virtual leaks), and shortens the clean-up time.

The connections between the object, the pumping system, the leak detector (LD) and the calibrated
leaks used shall be suitable and checked for tightness.

8 Group A techniques, tracer gas flows into the object.

8.1

General

Thes
pres
inter
can k

Larg
shall

Thre

\

1
\

q

4

\

\

i
8.2

8.2.1

g techniques are appiicable to an Object that can be evacuated or withstand an, 8
sure. The tracer gas is applied on the outer surface of the object and the LD is cenn
nal volume. If the LD is of mass spectrometer type (MSLD), the pumping system,ef the
e used to directly evacuate small items under test.

er objects need an auxiliary pumping system parallel to the LD. In this cas€, the loss d
be considered, as only part of the tracer gas will enter the LD.

e techniques may be used — refer to EN 1779:

Yacuum technique (Total) (A.1)

The object, placed in an enclosure (a bag or a chamber), is’g¥acuated and connected to {
The enclosure is then filled with the tracer gas or a gas mixture containing the traqg

echnique allows the evaluation of the leakage rate but'‘does not permit precise location

(Vhen the purpose of the leak testing is the determination of the acceptability of th

dgainst a specified leakage rate, only the "total" technique shall be used. In this cas

bas concentration, pressure and temperatut€ shall be measured and the homogeneif

mixture shall be ensured. Further the enclosure shall be gas-tight and, preferably, rigid.

acuum technique (Partial) (A.2)

The object to be tested is evacuated and connected to the detector. Suspect areas are t|
Iy a suitable gas-tight enclosure filled with tracer gas.

Yacuum technique (Local)(A.3)

The object to be tested is evacuated and connected to the detector. Suspect areas on
urface of the objegt are sprayed with tracer gas. Leaks can be localized using this teclhnique but it

s not possible,to/measure the total leakage rate.
Initial'system set-up procedure

The LD shall be adjusted in accordance with manufacturer’s instructions, using a cal

Ifa N

ternal test
bcted to the
MSLD itself

f sensitivity

he detector.
er gas. This
of the leaks.

e test object
b, the tracer
y of the gas

hen covered

the external

brated leak.

NCT T

built-

| ] 1-_F i L + Laollls rad i VR I N ralat of &
TOLDTSUSTU, a TCAR TUT UTISUITAdT gTTUVALUUIIT STIAIT DT L UTINTICLTCTUUIT T y T tIT TIinact urt

in leak for the calibration is to be used.

1e LD, or the

8.2.2 The objectis connected to the LD and then evacuated to a suitable pressure, either by LD pumping
system or by an auxiliary pumping system. This is determined by the maximum inlet pressure of the LD.

8.2.3 The initial background signal shall be measured.

8.2.4 The maximum signal for the specified calibrated leak connected to the object shall be recorded
to verify the system sensitivity. The ratio of the pumping speed of the LD to the pumping speed of the
auxiliary system shall not be altered.
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8.2.5 For large objects or complex systems, the response time of the system shall be measured by
means of a suitable calibrated leak, the rate of leakage of which is as near as possible to the specified
maximum allowable leakage. Unless otherwise specified, this leak shall be connected to the object under
test, via an isolation valve, in the most unfavourable position, to determine the response time.

An auxiliary line should be provided, if possible, to evacuate the volume between the leak outlet and the
isolation valve. In any case, care should be taken to avoid the inlet of the accumulated gas in the system.
The response time is the time from opening of the valve until the 90 % of the maximum stable signal is

reached.

NOTE
measuremen

Although in ISO 20484:2017, 6.1.7, the term "response time" is defined by a signal rise, the practical

H ARFTR N 2 | £l H 1.d L 1CO2N0N404.0017 £ D 11
TSTIOTTITATTy OaSC UIT T STEIrar At tay (OCCToU Z 0 TO T.ZU 17, O J%

s

8.2.6 To npeasure the clean-up time, the calibrated leak is closed and the resulting background led

rate indicati
recorded. T}
dropped by

8.2.7 The
for the test.

8.2.8 Toe
reduction c4

pumping sp
the test has

8.3 Vacui
8.3.1 Afte

8.3.2 The
enclosure is

8.3.3 Apr
lay down wi
admitted. If
Or a gas mix
intended. T
so that the g
it shall be fil

834 Ift
It is possi

pn is recorded. Afterwards, the leak is opened and the equilibrium leakage rate:indicat
len, the leak is closed rapidly and the decay of leakage rate indication is recordéd until
D0 % of the equilibrium leakage rate indication with the background indi¢ation subtrac

signal amplitude and the response time for 90 % signal decrease shallbe taken as refei
Che system layout or pumping speed shall not be changed.

valuate large leaks that saturate the LD signal, the sensitivity of test can be reduced.
n be achieved either by lowering the fraction of tracer.gas in the mixture or increasin
ped of the auxiliary system. The response time has to be're-evaluated when the sensitiv
Changed.

im technique (total) test procedure (A.1)
I the initial set-up has been performed;the following steps shall be taken.

object is placed into the auxiliary enclosure (bag or chamber) and it is then evacuated.
h flexible bag (usually plastic), it'shall be sufficiently large to enclose the perimeter of the o

pliminary evacuation of the-enclosure can be useful. If the enclosure is a flexible bag, it s}
b1l against the objectrwalls (without tearing). After it has been evacuated, the tracer g
the enclosure has netbeen evacuated, it should be adequately purged using dry trace
fure containing tfacer gas, to ensure that the tracer gas concentration is homogeneous a
le person performing the test shall note the volume fraction of the tracer gas in the miy
orresponding.correction in subsequent measurements can be made. If a flexible bag is

led withgas until it is no longer touching the object walls.

kage
onis
t has
ted.

ence

This

o the

ity of

f the
bject.

ould
ras is
" gas,
nd as
ture,
lsed,

rtion.

blg te’ calculate the volume fraction of the tracer gas, a

e enclosure is rigid, pressures shall be recorded before and after tracer gas introdu
lying the Boyle-Mariotte law t

recorded pressures.

b the

8.3.5 The duration of exposure to the full concentration of tracer gas within the auxiliary enclosure
shall be at least twice the response time. When the response time exceeds 20 min, different specifications

for the admi

8.3.6 Afte

ssion time may be given.

r the appearance of any signal, it is necessary to wait until, either:

with the signal generated by the known leak; or

can be i

nterrupted for decisions.

the maximum signal level is obtained: the overall leakage rate can then be calculated by comparison

the signal, corresponding to the maximum allowable leakage rate, is obtained: in this case, the test
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8.3.7 The total leakage rate of the object, in molecular flow conditions, is calculated according to

Formula (1).

_ e (S, _RL)Xlxpatm

ey

TSR, ¢ b
where
qG is the total leakage rate;
Cl is the leakage rate of the calibrated leak (pure tracer gas):
L is the leak signal;

d

A

Whe
(cert

If hig
test §
8.4

8.4.1
cove
only.

positfion of the part under test relative to the pumping system and the LD.

8.4.2

8.4.3
gask

8.4.4

Ry, RcL, are the background signal associated with signal S, and Scy,, resp€etively;

Patm  is the actual atmospheric pressure.

L is the signal generated by the calibrated leak;

is the volume fraction of the tracer gas in the gas mixture;

is the total pressure in the auxiliary enclosure;

h the test is carried out with a gas mixture, the volume fraction of tracer gas sha
ified if required) using approved procedures for mixtirre preparation.

h accuracy is required, the system calibration shall be performed using a calibrated 1
ras mixture.

Vacuum technique (partial) test)procedure (A.2)

When only a part of an object’is to be tested (e.g. welds, thermocouple wells, pers
s, electrical or mechanical feedthroughs), the auxiliary enclosure may be restricted
The duration of tracer gas.admission shall be indicated in the specification, taking into

After the initial Set-up has been performed, the following steps shall be taken:

Plastic bags or chambers are fitted to the areas to be tested using adhesive tapd
ets. These should prevent significant escape of tracer gas during the test.

Theobject is then evacuated.

I be known

bak with the

bnnel access
to that area
account the

or suitable

8.4.

8.5

Proceed as1n 8.3.3 to 8.3.6.

Vacuum technique (local) test procedure (A.3)

8.5.1 After the initial set-up has been performed, the following steps shall be taken.

8.5.2 The effect on the result of the speed of probing the surface of the test object with the spray gun
shall be established by placing a conductance leak in the position of the calibrated leak used in 8.2.4.
The gas flow from the spray gun is adjusted and its tip is moved past the leak at the speed and distance
specified for the test. The signal amplitude is recorded. If the signal is too small, the scan rate should be
reduced.
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8.5.3 Tracer gas spraying should start at the top of the test object if the tracer gas density is smaller
than air. Spraying should start at the bottom if the tracer gas density is greater than air. Scanning of the
areas shall be performed as stated in the test specifications.

8.5.4 When a leak is detected, it can be necessary to evaluate its influence. It is possible that the leak
have to be temporarily sealed to continue the test.

8.5.5 After aleak has been found and sealed, it is necessary to wait until initial conditions are restored in
the LD (clean up time). If leak location only is required, the procedure may state the signal level (percentage
of the maximum signal) at which is possible to continue the scan, in order to shorten the test time.

8.5.6 Afte
using other
if no leaks e

I all leaks have been found, it can be desirable to determine the total leakage of the o
suitable techniques ("total” or "integral"). This step may be carried out initially, t¢-save
kist. However, if the object contains material permeable to the tracer gas, the serbed ga

lower the sensitivity of the subsequent test.

9 Group

9.1 Gene

These techn

(partial) pr
the internal

B techniques, tracer gas flows out of object

ral

iques are generally applicable to objects which cannot he €vacuated or to open objeq
pssure difference of tracer gas is created across the abject wall. Tracer gas is admitt
volume of the object and it is collected and detected\in its external side. If the object

tested is op¢n, the gas is sprayed or applied with a bag in one/side and it is collected in the other si

a vacuum bq

X.

Seven technfiques may be used. They are briefly described here:

hject,
time
5 can

ts. A
bd to
to be
le by

Chemicgl detection with ammonia (B.1): The-object is filled with anhydrous ammonia qr an
ammonja-nitrogen mixture to the specified overpressure. A colour-change developer (generglly a
mixturg containing a pH indicator, e.g. bfomophenol blue), applied to the outside surface, will reveal

and locate leakages.

Vacuum
suitable
detecto

box, using internal tracer’gas (B.2.1): Large objects, containing a gas or a gas mixture
to be used as tracer.gas, are tested by a vacuum box evacuated and connected to a leak
- (LD), applied in the'outer side.

Vacuuni
partial

suction
by cups

box applyingthe tracer gas on opposite side (B.2.2): Open objects can be tested yising
bnclosures, eapable of being evacuated, which are tightly applied to the wall (vacuum box,
cup). Tracergas is supplied on the opposite surface of the wall by a spray gun (probe jet) or
filled by the tracer gas.

Accumylatien technique (B.3): The object, pressurized with the tracer gas, is placed in an
enclosufeZAfter a specified time, the accumulated tracer gas is measured using a LD connected to
the enclosure. The leakage size can then be estimated (or determined if the enclosure volume and
pressure are known).

Sniffing technique (B.4): The object is pressurized with the tracer gas (or gas mixture). Leak
searching is performed on the atmospheric side of the object wall, using a sampling probe connected
to a LD. This technique detects leakage and locates the leaks (direct probing).

Bombing technique (B.5): The sealed object is subjected to a high pressure of tracer gas (bombing),
usually helium-4, in order to force it into the object, if a leak exists. After the bombing and a flushing,
to remove adsorbed tracer gas from the outer surfaces, the object is placed in a vacuum chamber,
connected to a LD for the detection of the escaping tracer gas.

Vacuum chamber technique (B.6): Small objects, containing a gas suitable to be used as tracer
gas are placed in a chamber. This is subsequently evacuated to a pressure lower than the internal
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pressure of the object. The LD is connected to the vacuum chamber. The total flow of the tracer gas

from the object is measured by the LD.

— Carrier gas technique (B.7): Prior to the test, the object is filled with tracer gas at a pressure above
ambient pressure. The objectis surrounded by a hood in which a carrier gas flows across the objects
surfaces. Any leakage of tracer gas out of the object is carried away by the carrier gas and can be

detected by a suitable sensor at the exhaust of the carrier gas.

9.2 Initial system set up procedure

9.2.1.1 The reagents are either directly applied to the surface or supported on papet or
applied on the surface.

The teactivity of the reagent shall be verified by the exposure to a small quantity of gas.

9.2.1.2 A sample of the reagent shall then be applied on the object surface (away from
be tested) and its colour shall be checked during all the examination time. A colour chang
contgmination with ammonia of the ambient, or on the object surfacg

9.2.2 Tracer gas flowing out of the object (B.2, B.3, B.4, B.6)

9.2.2.1 The LD shall be adjusted as described in 9.1.1.

9.2.2.2 To calibrate the system, calibrated leaks for discharge to the atmosphere (or

systems, e.g. prefabricated gas concentration), sélected in the appropriate range, are req
leakq should have a leakage rate close to themaximum allowable in the case of acceptabilit
or to[the minimum to be detected if the aim of the test is location (for repair).

9.2.2.3 (Only for B.3 and B.4) When'using the sampling probe, the zero control is adjuste
the inlet valve or sniffing the gas gver liquid nitrogen. If these devices are not available, adj
be mpade relative to the clean atmosphere (before the test starts).

(Only for B.4) If sensitivityyof test has to be measured, the probe tip is held in front of a cal
After clean-up time, thefcalibration is repeated moving the sampling probe at the specified

(Only for B.4) The'calibration should be carried out in such a way that the test area is no|
the tracer gas. The calibration shall be checked frequently as the sampling probe can b
dust|or dirt.

textile band

the areas to
e means the

equivalent
hired. These
y evaluation

d by closing
Lstment can

brated leak.
scan rate.

t flooded by
plugged by

9.2.2.4 A (Only for B.3) If an enclosure is used, a known leak is connected to it via an isil]ation valve.

The teading due to tracer gas concentration shall be recorded before the opening of the

alve and at

subsequent time intervals. This step shall be carefully carried out, due to the difficulty of
system, if it cannot be evacuated.

purging the

9.2.2.5 (Only for B.6) If the test is carried out in a vacuum chamber and the pumping system cannot
be disconnected, the response time and the maximum readout for the calibrated leak is recorded. The

pumping speed shall not be altered in the subsequent test.

9.2.2.6 Remove tracer gas flow and note the signal due to the residual tracer gas in the atmosphere.
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9.2.3 Pressurisation — Evacuation test (B.5)

9.2.3.1 The vacuum chamber with a calibrated leak is connected to the MSLD. When the specified
pressure is reached, the residual signal is recorded. The calibrated leak is then opened and the appearance
time and maximum signal is recorded.

9.2.3.2 The degassing time shall be checked using a tight sample of the same material, with the same
surface conditions. This sample is placed into the vacuum chamber connected to the MSLD. The flushing
and/or evacuation time is the minimum time to obtain a signal clearly below the maximum allowable
leakage signal. An excessive degassing time can decrease the test sensitivity or mask the large leaks.

9.3 Amm|onia test procedure (B.1)

9.3.1 General

This technique is suitable for detection and location of leaks.

After the initial set-up has been performed, the following step shall be taken.

9.3.2 Test object preparation

The test ob
is to be prel
which the d
performed i

ect shall be purged with dry hot gas to obtain a dry atmosphere. If possible, evacuption
erred, since the presence of moisture can give rise to.corrosion problems. The surface to
btector reagent is applied should be neutralized using-an acidic solution. This step shall be
f the test presented 10.1.1.2 shows a diffuse coloui“¢hange.

9.3.3 Reagent application

The reagent|shall be applied over the specified areas.

If the reage
Thick coatil
should be d|

preheated s

If the reage
surface by aj

After reagel
contaminati
the test.

9.34 Amj

1t is in liquid form, it can be applied’by brush or spray painting in a thin uniform cog
ngs take longer to develop and.can result in self-discoloration. Water-based develq
ried after application usingta hot-air gun (normally from 50 °C to 60 °C) or applie
irfaces to remove any moistutre. Temperatures over 100 °C can damage the developer.

tis impregnated intp-a carrier (paper or textile), the carrier shall be firmly fastened t
hesive tape.

1t applicationprotection with a transparent film can prevent or reduce the atmosp
on effects. Thisprotection shall be applied in such a way that there is no interference

monid pressurization

ting.
pers
d on

o the

heric
with

Ammonia fi
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For large leaks (greater than 1 x 10-6 Pa - m3/s) and for concentration less than 15 %, oil-free dry air
may be used to pressurize the object.

For small leaks (less than 1 x 10-6 Pa - m3/s) and higher ammonia concentrations (more than 15 %), an
inert gas (usually nitrogen) shall be used for mixture.

If a mixing device is not available, the concentration may be calculated approximately using Dalton’s
law (ratio of partial pressure). The charging sequence for the object shall be as follows:

— fill with dry air or inert gas to atmospheric pressure;

— fillwithammoniato the gauge pressure equivalent to the partial pressure calculated by concentration
and total pressure;
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— complete the pressurization with air or inert gas to the pressure required by the specifications.

To improve the minimum detectable leakage and to shorten the test time, a pressure of 2 x 105 Pa to
3 x 105 Pa is recommended, even if a pressure of few hundreds pascals would be sufficient for the test.

9.3.5 Impregnation time

The pressure shall be maintained for the determined time, sufficient for establishing a steady flow
through any leaks. This time depends on the pressure, the wall thickness, the ammonia concentration
and the amount of leakage. The suggested time is 30 min for each millimetre of thickness. Because of
the impregnation time, the step detailed in 9.3.4 (pressurization) can be also carried out before the
step (detalled In 9.5.5 (reagent application).

9.3.4 Visual examination

After the impregnation time, the surface of the object with the developer shall be examined under
whitg light, directly or with instruments able to show spots larger than 1 mai A minimum |llumination
of 350 Ix is required. All spots larger than 1 mm are noted and verified asfollows:

a) ifthe reagentis painted:

1+ remove the painting;

1+ apply a new painting and dry;

+ ifanew spotis formed, note the time of appearance;

1+ check the growth of the spot after 30 min and, if required, measure the diametey, in order to
give an indication of the leak size;

b) ifthe reagentis in the form of an impregnated band:

— replace the band;

— after 15 min, check if a new sSpot has appeared on the band side in contact with th¢ object wall
and, if required, measure\the diameter to give an indication of the leak size.

9.3.7 Posttest cleaning

Afterf the examination,the pressure is released by slowly venting the mixture from the object through
equipment suitableforammonia disposal, according to local regulations. The residue is thegn purged by
flushing with inect.gas or by evacuation. Adequate flushing shall be performed before carrying out any
weld|repairs.

9.4 | Vacuum box test procedure (B.2.1, B.2.2)

9.4.1 General
Such techniques are suitable for detection and localization of leaks. If the object is filled with a known

concentration of tracer gas, technique B.2.1 is suitable for the evaluation or measurement of the leakage
rate, depending on the tightness of the vacuum box seal on the object wall.

After the initial set-up has been performed, the following techniques are available.
9.4.2 Vacuum box technique for closed objects B.2.1

9.4.2.1 Thisis applicable to large objects containing a tracer gas (or a tracer gas mixture) at a pressure
below, similar to or greater than atmospheric pressure.
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9.4.2.2 The vacuum box is applied to specified test areas and is evacuated to the required pressure.
The pump speed should be maintained at the minimum level, necessary to achieve the required pressure,
in order to optimize the test sensitivity.

9.4.2.3 The LD is connected. The pressure and the signal at time tg (start of measurement) shall be
recorded.

9.4.2.4 After a specified time, related to the required pressure and the system response time, the
signal and the actual pressure shall be recorded. If evaluation or measurement of the leakage rate is
required, the use of calibration curves, obtained from a calibrated leak under the same conditions, shall

be necessary:

9.4.3 Vacphum box technique for open objects B.2.2

This technique is applicable to the open objects. In this case, the procedures in 9.4.2.2,a01d 9.4.2.3 |shall
be repeated

The tracer gas shall be applied on the opposite side using a spray gun, a cup or.d.bag. A signal indifates
the existende of a leak.

9.5 Accumulation technique (B.3)

9.5.1 Ge:]eral

These technjiques are suitable for total leakage measurement:

Technique B.3 is suitable for objects which contain, or_€an be filled by, the tracer gas at a pregsure
greater than atmospheric pressure and can be placed completely in a chamber.

After the initial set-up has been performed, the following procedures are available.

9.5.2 Accimulation technique procedure (B.3)

9.5.2.1 The object shall be purged in grder to obtain a dry atmosphere. If possible, evacuation is fto be
preferred. The tracer gas or gas mixture containing tracer gas is admitted to a required overpressurg. If a
mixture is ufed, the procedure shall provide a final known concentration, as required by specificati¢ns.
9.5.2.2 THe object is thénplaced in an auxiliary enclosure. This is connected to a LD capaljle of
measuring the concentratien increase of the tracer gas escaping from the object into the enclosure, The
signal Sp cofrespondingto the concentration cp, of tracer gas at time tg (the start of the measurempgnts)
and/or the|residuak'signal of the measuring device shall be recorded (e.g. signal resulting [from
atmospheri¢ helium).

9.5.2.3 After a specified time interval (depending on the required detection [imit) the signal S

correspondi

ng to the concentration c1 of tracer gas at the time ¢t1 shall be measured and recorded.

9.5.2.4 The concentrations cg and c1 are determined from Sp and S1 by comparison to a reference
mixture with a known concentration, cref, of the tracer gas and corresponding signal, Srer. The leakage
rate, qg, of the object should be calculated using the formula:

g =bX

10

VX(Cl —Co)

tq1 —ty

(2)
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where

9.5.2
an el
encld

co, c1 are the concentration at time tg and ¢1 in the auxiliary enclosure at the start and end of the

measurement, respectively;

p is the pressure of the auxiliary enclosure;

qc  is the total leakage rate;

+

ndaoand oftha manciiranm + racnactivaly
Re-eRa-o HeaSH espectvery:

1 2 an
Utrct— TCIre-1T TCITreTre T

|4 is the volume of the auxiliary enclosure;

the tpst. The value of the reference leak shall be in the same range as themdximum allow

rate.

obje¢t under test.

If thd
be off

the same mixture, if possible supplied from the outsidefthe object, with a special a

as shown in Annex A, Figure A.1.

.5 If the volume of the enclosure is unknown, a reference leak shall be used;connected either to
iclosure with a volume similar to that of the measuring enclosure, or direetly to th¢ measuring
sure, through an isolation valve. In the latter case, the calibration can becarried out before or after

hble leakage

The pressure and concentration of the tracer gas shall be as closeCas possible to the donditions of

test is carried out with a gas mixture containing the tracer gas, the gas of the referenge leak shall

rrangement,

a) If the reference leak is connected to an enclosure with similar volume, Formula (3) cah be used to
¢alculate leaks, if any:
S-S
dc =q X Pe , 217°0 (3)
G L S S
Pamb °L17°L0
where
dg is the leakage rate referred to the atmospheric pressure;
a1, is the leakage rateof the reference leak;
Pamb is the ambient-pressure;
De is the pressure in the enclosure;
§1,So aresignals corresponding to the concentration at the start and the end of the t¢st;
§11, Spp-are recorded signals corresponding to the concentration in the enclosure connlected to the
reference leak
b) If the reference leak is connected to the same auxiliary enclosure during a part of the test, this

leak is superimposed on the leaks (if any) of the object to be tested. The initial signal, Sp, shall be

recorded. At the time t1, the signal S1 shall be recorded.

At this time (after the evacuation, if necessary, of the tracer gas accumulated between the calibrated
leak and the isolation valve), the leak shall be opened to the enclosure.

After a further interval, at time ¢, the signal S shall be recorded.
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(4)

S1-So t—t
qc =qL % P X
1=t (S3=S0)=[(51-S0)x(t2=t0)/(t1~t0)]
where
qG is the leakage rate referred to the atmospheric pressure;
qL is the leakage rate of the reference leak;
So,S1 [pre the recorded signals corresponding to the COncentrations 1n the enclosure respect
nt the start of the test and just before the opening of the calibrated leak valve;
AY) is the signal corresponding to the concentration at time ty;
to, t1, topre respectively time at the test start, at the opening of the reference leakwvalve, at the
reading.
NOTE This simplified formula is valid assuming a constant leakage rate, which“i$)true if the leakage

both the tes
enclosure pr¢

E object and the reference leak are small enough to avoid appreciable alteration of objec
ssures and volumes (see Figure A.2).

9.6 Sniffing test (B.4)

9.6.1 Afte

9.6.2 The
The tracer g
used, the pr

I the initial set-up has been performed, the followirg steps shall be taken.

object shall be purged to obtain a dry atmaosphere. If possible, evacuation is to be prefe

bcedure shall provide a final known congéentration, as required by specifications.

9.6.3 Stabfilization of the leak flow shall be-allowed. The test time shall be correlated with the sy

response tin
9.6.4 The

9.6.5 The
exceeding 2

9.6.6 Alls
before conti

he.
scanning shall be carried out on the areas indicated in the specifications.

probe shall be heldfiot more than 1 mm from the surface and shall be moved at a spee
) mm/s.

uspect areas shall be evaluated. If necessary, leaks shall be marked and temporarily rep
huing the'scanning.

9.6.7 Attl

1e_eompletion of the test, the tracer gas shall be evacuated from the object (if required)

ively

final

from
[ and

rred.

hs or gas mixture containing tracer gas is admitted to a required overpressure. If a mixt{ire is

stem

d not

hired

. The

test gas sho

tdTever be dischiarged I the test area, if further testng 15 pranned. 1t sioutd be v

safely with due consideration of its effects.

9.7 Bombing technique (B.5)

nted

9.7.1 This technique is applicable to objects sealed prior to testing and not containing a gas suitable
to be used as tracer gas. Such objects are generally of small dimensions (e.g. semiconductor devices,
hermetically enclosed relays, etc.). Leakage through the walls of this type of object is detected by
pressurization of the test objects with tracer gas (bombing) prior to the test. The technique is a total

12
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(integral) method which does not permit leak location or the detection of large leaks. Gross leaks have to
be revealed by other suitable techniques.

The principle is that the test objects are placed in a bombing chamber where they are exposed to a high
pressure of tracer gas. They are then placed in a vacuum chamber for testing. The steps are as follows:

— removal of air from internal cavities (evacuation);
— pressurization with tracer gas;

— surface degassing (flushing, evacuation);

— Ineasurement in a vacuum chamber using an MSLD.

The pressure at all stages of the test shall be compatible with test object integrity-and nfaximize the
sensitivity of the test.

9.7.2 The objects, previously cleaned and dried, are placed in the chamber. The champer shall be
evacylated to the lowest pressure compatible with the object integrity and shall be maintained at this
level|for the specified time: this time shall be selected depending on the syall thickness.

9.7.3 The chamber shall be pressurized with tracer gas to the specified value of pressure. ['his shall be
maintained for the time required to give the desired test sensitivity: This time depends on:

— the wall thickness;
— the type of material;
— the size of the leak;

— the internal volume of the objects.

9.7.4 The tracer gas shall be released(at a considerable distance from the leak detector. (It may be
piped out of the building or released into a holding tank to avoid increasing the tracer gas pré¢ssure in the
test grea).

9.7. The test objects shdll jbe flushed with dry tracer gas-free air or nitrogen, to remove sorbed
tracdr gas from the surface before the removal from the chamber. The flushing time shall be|determined
expefimentally.

9.7.4 The test ¢bject is placed in the vacuum chamber, not yet connected to the mass spectrometer.
Degalssing is carried out during a pump-down cycle.

9.7.7 Thedegassing time varies according to the test object types and basically depends on the surface
propetties of its outside walls. In particular, the nature of the material and its surface roughness are
important.

The degassing time shall be determined using a leak-tight reference object or a sample of the same
material having the same surface conditions.

The reference object shall be placed in the vacuum chamber connected to the MSLD. Degassing shall be
carried out in a way identical to that of the test object.

The walls can be considered to be sufficiently degassed when the desorbing gas flow reaches a level
that is comparable to the expected tracer gas flow. This flow can be calculated from the acceptable
leakage rate and the bombing conditions (see below).

9.7.8 The vacuum chamber for measurement shall be connected to the MSLD and a pump-down
cycle initiated. After cross-over, the leakage rate signal shall be read after degassing has reached the
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predetermined value. A recorder shall be used to determine the dynamic equilibrium steady state
indication. Alternatively, after a predetermined waiting time (depending on the degassing behaviour of
the test objects), the actual leakage rate reading may be taken before equilibrium. The uncertainty of
measurement (given by uncertainties in the degassing time) decreases with longer waiting times.

9.7.9 Ifthe steady state reading can be obtained in the test, calibration shall be carried out in the usual
way by using the steady state indication of a reference leak connected to the vacuum chamber. If the
leakage rate reading is taken before equilibrium has been established, an equivalent reading shall be
taken using the reference leak.

To obtain a measure of statistical errors, several such readings should be taken.

9.7.10 The(indicated leakage rate is not the standardized total leakage, since the partial pressure of
helium in the internal cavity of the test object should be considered.

The acceptaple leakage rate. qi, shall be used to calculate a safe reject point, gr, using Fermula (5)

dr =4L Kpﬁx(l_e—qutb/poV)Xe—qutw/poV (5)
0

where

p isthe bombing pressure of tracer gas;
po isthe atmospheric pressure;
q1, isthe acceptable leakage rate of test object;
gr 1is the allowable leakage indication (reject point);
tp isthe bombing (pressurization) time;
tw is the waiting time between bombing and testing;
V' is the internal volume of the test.0bjects.
The above formula is valid only under certain assumptions.

One signal dan represent two.leakage rates, the lower of which is the fine leakage rate and the hjgher
represents g gross leak with‘thé same signallll.

Gross leaks [can only be.found after the bombing phase but before the evacuation phase, i.e. during the
waiting timg t. [t istécommended to use sniffing for this purpose.

9.8 Vacutim'chamber technique (B.6)

9.8.1 This technique is suitable for sealed objects which contain, or can be filled by, a tracer gas at
a pressure below, similar to or greater than atmospheric pressure and can be placed completely in a
chamber.

9.8.2 The object, containing the tracer gas is placed in the vacuum chamber pumped down to the
required pressure and connected to a tracer gas leak detector.

9.8.3 The total flow of the tracer gas flowing from the object into the vacuum chamber is measured.
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Carrier gas technique (B.7)

9.9.1 The object shall be purged in order to obtain a dry atmosphere. If possible, evacuation is to be
preferred.

9.9.2 The object is then surrounded by a (soft or rigid) hood which enables a gas flow across the
object’s surfaces. The hood has an input connected to a carrier gas source (typically nitrogen or dry air)
with a pressure regulator and a flowmeter. Its output is connected to the tracer gas detector using the
concentration (sniffer) probe (a typical arrangement is shown in Figure 1).

The test assembly together with the detector are calibrated with a known)tra
connfected to the hood, the exhaust of which shall be exposed to the carrier gas flow,

9.9.4 For the calibration, the leakage rate of a reference leak connectedyto the carrier
meagured by the LD. The reading is adjusted to fit the value of the reference\eak.

9.9.§ With the leak closed the detector is adjusted to show zero reading. After opening tk

ctabilizing the reference leakage rate, the detector is adjusted to show the correct

reading.

9.9.4 Afterwards, the reference leak shall be closed or removed from the system.

9.9.7 Only now is the tracer gas or mixture containing tracer gas admitted to the test
a required overpressure is reached. If a mixturg’is used, the procedure shall provide a
concgntration, as required by specifications.

9.9.8 When the leakage rate reading of-thre detector is constant, the indicated value is rec
meagurement result.

(€2 O N

rer gas leak

gas flow is

1e leak valve

eakage rate

object, until

final known

brded as the

CIN S5

@& ok
3

1 2
carrier gas supply 6  pressurized test object
pressure regulator ¢ concentration of tracer gas in carrier gas
flow rate control Qr carrier gas flow rate
flow rate measurement q1 leakage rate of the object
tracer gas detector with probe

Figure 1 — Carrier gas technique

When the detector has been adjusted by a reference leak for correct reading of tracer gas leakage rates
in the actual partial flow set-up, its indication is taken as the measurement result.
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