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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

elect

The

desc
diffe
editd

rotechnical standardization.

Fent types of ISO documents should be noted. This document was drafted in acéorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria neg

Htenance are

ded for the
ce with the

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patel

any |
on th

Any
cons

For {
expr
Worl
URL:

This
Subc

it rights. ISO shall not be held responsible for identifying any or all su¢h-patent right
atent rights identified during the development of the document willbe in the Introdu
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

in explanation on the voluntary nature of standards, the meaning of ISO specifig
pssions related to conformity assessment, as well ‘as’information about ISO's adhel
d Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see t
www.iso.org/iso/foreword.html.

document was prepared by Technical“Committee ISO/TC 135, Non-destruc
pmmittee SC 6, Leak testing.

s. Details of
ction and/or

nd does not

terms and
ence to the
he following

Hive testing,

© ISO

2017 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=eba56b6462c266557b3d83b08fd36ec1



https://standardsiso.com/api/?name=eba56b6462c266557b3d83b08fd36ec1

INTERNATIONAL STANDARD

ISO 20486:2017(E)

Non-destructive testing — Leak testing — Calibration of
reference leaks for gases

gas can be

1 Scope
This document specifies the calibration of those leaks that are used for the adjustment of leak detectors
fort TTTati i . i i fS ajcomparison
with|a reference leak. In this way, the leaks used for routine use become traceable to a primafy standard.
In other calibration methods, the value of vapour pressure was measured directly or\calcylated over a
known volume.
The pomparison procedures are preferably applicable to helium leaks, because this test
seledtively measured by a mass spectrometer leak detector (MSLD) (the definition of MSLD is given in
ISO 40484).
Calijration by comparison (see methods A, As, B and Bg below) with known reference leaks is easily
possjble for leaks with reservoir and leakage rates below 10-7 Pasm3/s.
Figure 1 gives an overview of the different recommended calibration methods.

==
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| E-09 1E-07 1E-05 1E-03 1E-01 1E+01 1E+03 X

TE-08 1E-06 1E-04 1E-02 1E+00 1E+02 1Ex04
a) Calibration by comparison
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1E-08 1E-06 1E-04 1E-02 1E+00Q 1E+02 1E+04
b) Calibration by direct measurement
Key
X leakdge rate in Pa-m3/s C Method C
A Method A D Method D
B Method B E Method E
Ag Methiod As F Method F
Bg Methlod Bs G Method G
[ normal range [ possible range
Figure 1 — Calibration ranges
2 Normative references
The following documerits are referred to in the text in such a way that some or all of their content
constitutes [requirements of this document. For dated references, only the edition cited applieq. For
undated refgrences, the latest edition of the referenced document (including any amendments) apTlies.

ISO 20484,

on-destructive testing — Ledk testing — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20484 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.or

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

© ISO 2017 - All rights reserved
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3.1

unknown leak

leak having a stable and repeatable leakage rate of known order of magnitude that can be determined
by calibration

3.2
reference leak
calibrated leak which may be used to calibrate another leak

Note 1 to entry: The uncertainty of the reference leak is lower than the required uncertainty of the leak to be
calibrated.

3.3
calibration
set of operations which establish, under specified conditions, the relationship befween leakage rate
valugs represented by an unknown leak and the corresponding known values of the leakagp rate

Note [l to entry: In the case of calibration by comparison, the known values of the leakage rate are rgpresented by
arefdrence leak.

Note 2 to entry: Normally, the result of a calibration is given as the leakage rate’value for the referepce leak with
a stapdard uncertainty.

3.4
nomjinal leakage rate
leakdge rate of a leak calculated for specified reference conditions

Notel to entry: In leak detection, leakage rates are commenly’given in units of pV-throughput (Pa-n{3/s, mbarl/s,
Std cm3/min). These are only a precise measure of gas flow if the temperature is given and kept c¢nstant. Flow
units|such as mass flow (g/y) or molar flow (mol/s) arésometimes used to overcome this problem.

4 Nominal leakage rates

CaliHrated leaks are only comparable under the same reference conditions. Nominal leakage rates shall
be uged for comparison. Recommended reference conditions are:

— Ambient temperature: 20 °C
— Atmospheric exhaust{préssure: 1000 mbar
— Yacuum exhaustpnéssure: <100 mbar

The reference inlet pressure is given by the leak reservoir pressure or the application requjrement.

5 Classification of leaks

5.1 Permeation Ieak

This type of leak is normally made with a tracer gas reservoir. It has the best long-term stability but an
appreciable temperature coefficient (approximately 3,5 %/K). Typical leakage rates are in the range
from 10-10 Pa-m3/s to 10-4 Pa-m3/s.

5.2 Conductance leaks

5.2.1 Capillary leak
This type of leak is available with or without a tracer gas reservoir. It has a low temperature coefficient

(approximately 0,3 %/K) but easily blocks if not handled with care. Typical leakage rates are greater
than 10-7 Pa-m3/s.

© IS0 2017 - All rights reserved 3
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5.2.2 Aperture leak (orifice)

Orifices are seldom used as reference leaks in practice, as they are difficult to manufacture and even

more prone

NOTE

to blocking than capillaries.

scope of this document.

5.2.3 Compressed powder leak

Critical flow orifices are a form of aperture leak that is commonly found in industry, but are out of the

This type ofleak uses metal powder compressed into a tube They are usually offered w1thout reservoir.

They are use

used as cali
conditions 3

6 Calibr

6.1 Meth

There are t
require the
differ in usi

brated leaks. Their suitability depends on how well controlled the storage and oper
re, and on the required uncertainty.

ation by comparison

pods A, Ag, B and Bg

wo ways of calibrating leaks by comparison with known refesence leaks. Both met
knowledge of the order of magnitude of the leakage rate €o be measured. The met
hg one or two reference leaks, resulting in different uncertainties of measurement. [

following, the two methods are designated as A and B:

Method

A: Comparison to one reference leak normally with a leakage rate of the same ord

magnityde, calibration with vacuum method.

Method

Ag: Comparison to one reference leak normally with a leakage rate of the same ord

magnityide, calibration with sniffing method.

Method
unknow

Method
the unk

Method A ig
but is most

because the
As the linea
error small)
automatic r4

For more pr
leak with a

B: Comparison to two reference leaks.with leakage rates normally lying on either side
'n leakage rate, calibration with yacuum method.

Bs: Comparison to two reference leaks with leakage rates normally lying on either si
nown leakage rate. Calibration with sniffing method.

most suitable for use on’site as only one reference leak is used. It is generally appli
reliable when the leakage rate of the unknown is close to that of the reference leak. T
measurement uncertainty is directly dependent on the linearity of the leak detector i
ity error cannotbe measured independently, it needs to be estimated. To keep the ling]
the operating-characteristics of leak detector should not change during calibration
inging should be disabled).

ecisecalibrations, where a more reliable measure of uncertainty is required or if a refey
eakage rate close to the unknown is not available Method B should be used. By the u
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6.2 Applicability of comparison methods

Since comparison of leaks is not a fundamental measurement method, it relies on the stability of the
transfer device and cleanliness of the ambient gas atmosphere. Moreover, the temperature dependence
of the reference and unknown leaks shall be taken into account.

The most stable and clean conditions are achieved for leaks with exhaust into vacuum and a mass
spectrometer leak detector as transfer device measuring the partial pressure generated by the leaks in
vacuum. Under these conditions, all interfering background gases are reduced to a minimum so that the
zero point of the transfer device is defined and stable.

© ISO 2017 - All rights reserved
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For leaks with exhaust into the atmosphere and measurement by sniffing gas, more conditions shall be
controlled. These are:

— the background level of tracer gas shall be as low as possible and as stable as possible;

— the total gas flow rate of the sniffer shall be high enough to take up the total tracer gas flow out of
the leak;

— the aspiration of the sniffer (the coupling to the leak exhaust) shall be of suitable geometry to make
sure that the atmospheric gas flow across the leak exhaust takes up the whole tracer gas flow from
the leak opening.

As a
vacu

um leaks.

Methods by comparison are therefore applicable but not preferable for the calibration of
(with exhaust to atmosphere).

6.3

Preparation of leaks and apparatus

6.3.1 Leak detector

The leak detector (LD) used as a transfer device shall be set up.according to the manufactur
The yvarm-up time shall be at least 2 h.

6.3.2 Connection to the leak detector

The
The

reference and unknown leaks are connected té,the leak detector used as the transfer
connection shall be kept continuously until.the measurement is completed. This inclyl

accommodationl[1].

In th

e case of vacuum leaks, they are connected to the inlet flange and pumped with their v4

open| for at least 30 min to remove any'tracer gas that can have accumulated in seals or va

calib

ration of more than one leak, a. separate pumping system and set of valves is useful to

leakg pumped until they are measured.

© ISO

consequence, the measurement uncertainty is appreciably higher for sniffer leaks than for

bniffer leaks

er’s manual.

instrument.
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Key

1 transfer
2 testport
3 rig

4

5 hoods fo

In the case
makes a tig
across the 1
is taken up
atmospherig

Ha

Hevice (leak detector)

leaks to be calibrated and reference leak

I thermal stability

Figure 2 — Coupling of leaks to\the leak detector

bak exhaust via an air inlet (see Key item 3 in Figure 2), so that the whole leak gas
by the sniffer tip. The air inlet ‘opening shall not throttle the free flow of air to mai
pressure in front of the sniffer tip. See Figure 3.

f sniffer leaks, the connection to the leak detector sniffing tip is made by an adapter which
ht connection to the leak outlet and enables atmospheric air to be continuously sycked

flow
htain
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6.3.3

The inknown leak and the reference leak(s)foer the comparison shall be stored in the same

the t
roon
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6.4

6.4.1

It is
resp
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| 3
1 2 ] 1
A ¢ 37 )
_» —_,————— —_———e———————_———————— ———————————————— .
% ) )
A /
5 4
6
asket 4  testleak withleak opening
niffer tip 5 adapter body with gasket
ir inlet 6 sniffer’ opéning with cross-wise slot
Figure 3 — Example for a coupling adapter for sniffer leaks
Temperature accommodation

bst is to be carried out for at least 12th to allow for temperature equilibration (an air
| is not necessary if there are nosrapid temperature changes. Because of temperature f
ir-conditioning system can .even increase the measurement uncertainty). Vad
ected to the LD shall be pumped during the phase of thermal accommodation. After {
mmodation, to prevent any témperature changes during measurement, thermally insu
e of plastic foam or similar material) should be put over the leaks.

Measurement

Set-up

mportant to ensure that the effective pumping speed at the leak detector inlet for v4
bctively the sniffer gas flow for overpressure leaks, is not changed during the measure

room where
conditioned
luctuations,
uum leaks,
emperature
ating hoods

cuum leaks,
ments.

L] 1 1 1 11 N : 21 1 : 1 : e
If pooblUlU, CILICT WILIT LIIC IEAdK UCLCCLOTI O T dIl dAUXIIIdl'y UCVICE, d 10115 dVET dglilyg LITIIC 111

decrease the statistical measurement uncertainty.

y be used to

All the measurement instruments should be adjusted in such a way that they give nearly full-scale

defle

ctions for the biggest leak.

6.4.2 General measurement sequence

Generally, each reading shall be obtained only after the signal of the transfer instrument has stabilized.
A sufficient number of readings shall be taken to achieve the lowest possible statistical uncertainty.
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This way, a measure of statistical deviation can also be found. The general sequence of measurements
is as follows:

a) zero signal determination: all valves closed for vacuum leaks, respectively sniffer tip in pure
ambient air for sniffing leaks;

b) connect reference leak No. 1, wait for steady flow and measure the resulting output signal
(Method A, A, B and Bg);

c) disconnect reference leak No.1;

d) connect reference leak No. 2, wait for steady flow and measure the resulting output signal (only
Method|B and Bg);

e) disconnect reference leak No. 2;
f) connectunknown leaks, wait for steady flow and measure the resulting output signal;
g) repeat qteps a) to f) at least three times.

Leak valved should be kept closed for as short a time as possible to prevent extensive hglium
accumulatign resulting in long equilibration time.

6.5 Evaldation for methods A, Ag, B and Bs (Comparison)
6.5.1 Determination of leakage rate

6.5.1.1 Megthod A and Ag: Result of comparison to one reference leak

Formula (14) is used to calculate the unknown leakagé rate, Qy, from the reading, Ryef, of the refefence
leak with leakage rate, Qref, and the reading, Ry, of the unknown leak:

R
R

- (1a)

ref

Qu =Qrdr

This formulp is only valid, if the temperature coefficients and the temperatures of all leaks are equal.
Otherwise, Formula (1b) shall be used:

|:Ru (1+aref 'ATref )]
I
Riet (1+04AT,)

Qu =0 (1b)

where

Qref, Qu| arethe leakage rates of the reference and unknown leak, respectively;

Rref, Ru the readings of the reference and unknown leak respectively;
aref, @y are the temperature coefficients of the reference and unknown leak, respectively;

ATref, ATy are the departures of the temperature of the leaks from the reference temperature of
the reference and unknown leak, respectively.

The readings can be in any consistent units, as only ratios are considered.

NOTE1 The readings (Rrefand Ry) are obtained from the leak detector display as the difference of the output
signals with leak connected and disconnected (respectively, valve opened and closed).

NOTE 2  The temperature coefficient of the reference leak is normally stated. If the temperature coefficient of

the unknown leak is not given, it can be assumed that it is approximately 3,5 %/K for a quartz permeation leak,
and 0,3 %/K for conductance type leaks in viscous flow mode.

8 © IS0 2017 - All rights reserved
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6.5.1.2 Method B and Bg: Result of comparison to two reference leaks

To keep this procedure practical, only the case of equal temperature coefficients and the same
temperature difference between each reference leak and its calibration reference temperature is
considered. In this case, the simplified Formula (2) holds. See Figure 4.

_ _ Ry-Ry
Qu=(02-0Q; )LRZ "R, J+Q1 (2)

where

1E-06

1E-07

1E-08

A

1E-09
1E-09 1E-08 1E-07 1E-06 Q

Oy, Q1, Q2 are leakage rates of the unknown leak and the reference leaks 1 and 2, respegctively;

Ru, R1, Ry are readings for the unknown leak andthe reference leaks 1 and 2, respectiyely.

Key

A 1eference leak 1
B ynknown leak
C eference leak 2
R :Ieading

Q leakage rate

NOTH Q1 is the leak withthe smaller rate, Q2 the leak with the larger rate. Q,, the leakage rate of the
unknpwn leak to be calibrated, lies between these two known leaks.

Figure 4 — Two-point calibration of a leak

6.5.1 Influence factors to measurement uncertainty

The calibration is mainly influenced by the following factors:

— uncertainty of the reference leak(s);
— ambient temperature (all leaks at the same temperature level);
— linearity of the leak detector.

The uncertainty shall be calculated according to common guidelines (see [2]).

© IS0 2017 - All rights reserved 9
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7 Volumetric calibration
7.1 Direct flow (Method C)

7.1.1 General

This method is applicable to conductance leaks in the range of 10-5 Pa-m3/s (~0,006 Std cm3/min) to
0,2 Pa:m3/s (~100 Std cm3/min). Leaks from 10-6 Pa-m3/s (~0,000 6 Std cm3/min) to 10-5 Pa-m3/s
(~0,006 Std cm3/min) can be calibrated, but with a rather large uncertainty. In that range, if a suitable
reference leak is available, methods A or B should be employed to give lower uncertainty.

Two types oprressure and flow conditions shall be considered:

flow frdm pressure to atmosphere (see 7.1.4.1);

flow frd

m atmosphere to vacuum (see 7.1.4.2).

The third p
required, a
according td

his is
htion

pssible flow condition, pressure to vacuum, cannot be measured with Method C (if t
Calibration with tracer gas according Method A or B with a suitable MSLD or a calibr
Method F or G needs to be made.)

7.1.2 Equipment

To calibrate
calibrated g

An indicato
measureme

To measure
movements

As conductad
needed or c

7.1.3 Pre

7.1.3.1 Tqg

The unknow
out for at le
if there are
system can

ass tube (preferably with a suitable vent valve at onélend, see Figures 5 and 6) is neceg

" fluid (normally water with some surfactant added or special oils) is used to produc
ht slug in the capillary.

the time of slug movement, a timer or stopwatch is needed. Instruments based on the t
of a film in a tube are also available, e.g.:a bubble flow meter.

nce leak elements normally hayé\no tracer gas reservoir, a separate tracer gas supj
libration may be performed withfiltered, oil free and dry atmospheric air.

paration of leaks and apparatus

mperature accominodation

'n leak and thelcalibrated capillary shall be stored in the room where the testis to be ca
st 12 h to_allow for temperature equilibration (an air-conditioned room is not necej
no rapid-témperature changes. Because of temperature oscillations, an air-conditic
bven incrkease the measurement uncertainty).

a leak by measurement of capillary flow according\to Method C described in 7.1.

.4, a
sary.

e the

imed

ly is

rried
sary
ning

7.1.3.2 Cdg

niection of leak to capillary tube

The capillary tube and vent valve shall be cleaned with alcohol and purged with pressurized air
to remove any dirt from the surfaces that can disturb the free movement of the liquid slug during
measurement. The connection between the leak and the capillary tube shall be made with a thick
elastomer connecting hose fitting tightly on both the leak outlet and the vent valve of the capillary. The
smaller the unknown leak, the more important it is to keep all dead volumes as small as possible to
reduce measurement errors.

Pressure to atmosphere

In this case, the leak inlet is connected to the tracer gas supply and the outlet to the capillary tube. The
capillary tube is open to atmosphere at the other end (see Figure 5).

10 © IS0 2017 - All rights reserved
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Atmosphere to vacuum

In this case, the leak outlet is connected to a vacuum and the inlet to the capillary tube. The capillary
inlet is open to atmospheric pressure (see Figure 6).

If standard leakage rates are required, the outlet absolute pressure shall be less than 100 Pa.

7.1.4 Measurement

7.1.4T Pressure to atmosphere
The measurement is performed according to the following procedure:

a) aintain the gas flow through the leak to be calibrated for a minimum of 1cat nomiral pressure.
1l connectors shall be dry and clean;

b) dip the open end of the capillary into the indicator fluid to produce adiguid slug;

c) draw this slug slowly up the capillary to the other end by carefully pumping via the vent valve (if there
ils no vent valve, disconnect the capillary, dip the tip into the indicator fluid and replace the slug);

d) dlose the vent valve (if present) and time the movementvof the trailing edge of thie slug for a
¢onvenient distance (minimum 1,5 x expected flow rate);

e) Treposition the slug (see above) and repeat steps a) tod) atleast three times. The repeatability of the
measurements should be within +2 %.

t 3

ﬂ X 4 5 6
% .

1 —L [ ] L~ \ —
— - A 7
~L__1 1% |
: %k%v N
=7 9 8
Key
1 gaspressure from reservoir 7  atmosphere
2 unknown leak 8 indicating slug
3  optional pump connection (to initialize the slug position) 9  calibration marks
4  optional vent valve 10 connecting tubes
5 trailing edge of slug 11 zero space
6 inside diameter capillary tube

Figure 5 — Set-up for Method C measurement: pressure to atmosphere
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7.1.4.2 Atmosphere to vacuum
The measurement is performed according to the following procedure:

a) maintain the gas flow through the leak to be calibrated for a minimum of 1 hour at nominal
pressure. All connectors shall be dry and clean;

b) dip the open end of the capillary into the indicator fluid to produce a liquid slug;

c) close the vent valve and time the movement of the leading edge of the slug over a convenient
distance (minimum 1,5 x expected flow rate).

d) reposition the liquid slug to the end of the capillary again, using gas pressure via the vent ValT;

e) repeat pteps a) to d) at least three times. The repeatability of the measurements,'should be

within £2 %.

t 3

X4 5 6

2
1 FiNul Inls
e

Sl s N =
~L_ 1N | 7
z N
L/ 11 10 9 8
Key
1 vacuum 7  atmosphere
2 unknown leak 8 indicating slug
3 gasfill connection 9  calibration marks
4 filling vajve 10 connecting tubes
5 leading gdge of slug 11 zero space
6 inside dipmeter capillary tube

Figure 6 “<Set-up for Method C measurement: atmosphere to vacuum
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7.1.5 Evaluation for Method C (direct flow measurement)

7.1.5.1 Determination of leakage rate

The unknown leakage rate is given by:

AV
Qpv =PTaA X~

At

where

Qpv is the pV-throughput at test condition;
pra is the test pressure at leak exit;
AV is the collected volume;

At is the collecting time.

6:2017(E)

3

Presgure-to-atmosphere measurements shall be corrected for-thie vapour pressure of the indicating

liquig, for the viscosity of the tracer gas and also for the influenee of pressure and tempera
nominal leakage rate, reference pressure and temperatureare given in Clause 4. Formula
lamihar flow in a round pipe (Hagen-Poiseuille). For each type of leak, it shall be check

fure. For the

(4) assumes

ed whether

this assumption is applicable. Otherwise, it is necessafy to calculate with an adequate formula or an

empirical correction.

The nominal leakage rate is calculated by Formul&' (4):

2 2
Nref pref,in _pref,out ptest,out ><Tref ptest,out

QN =0Q,y < X X X

p T’ 2 2 XT

test Prest,in ~Prestjour  Prefout X test  Prest,out _<pv,ref Py test )
where

On is the nominal leakage rate;
Opv is the pV-thterighput at test condition according to Formula (3);
Nref is the viscosity of gas at reference conditions;
Ntest  isthe viscosity of gas at test conditions;
Bref,in V15 the reference pressure at leak entrance;

(4)

isthe reference pressure atlealks nvif;

pl efout

Ptest,in

is the test pressure at leak entrance;

Ptest,outis the test pressure at leak exit;

Tref
Ttest
Pv,ref

Pv,test

is the reference temperature;
is the temperature at test conditions;
is the vapour pressure at reference conditions;

is the vapour pressure at test condition.

© IS0 2017 - All rights reserved
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Atmosphere to vacuum measurement need not to be corrected for vapour pressure because, in this
situation, gas with high humidity is passing the leak.

The nominal leakage rate is given by:

2 2
DPrefin” —P p xT
QN :va x Nref % ref,m2 ref ,out ~ % test,out ref (5)
Mtest Ptest,in —Ptest,out Pref ,out ><Ttest

7.1.5.2 Influence factors to measurement uncertainty

The calibrationdis m:\in]y influenced hy the Fn”nun"ng factors:

— test timig;
— testvoliime;

— ambient pressure;

— ambient temperature;
— vapour pressure;

— test prepsure.

The uncertdinty shall be calculated according to common guidelinés (see [2]).
7.2 Leakjmeasurement under water (Method D)

7.2.1 Genleral

This method is applicable to conductance leaks inxthe range of 0,2 Pa-m3/s (~100 Std cm3/min) fip to
around 8 Patm3/s (~5 000 Std cm3/min).

Calibration from atmosphere to vacuum is net'possible with this method.

7.2.2 Equipment

Leaks, which are too large to be calibrated by Method C can be calibrated by catching the escaping gas
under wateq in a calibrated volume.

A measuring glass with calibrated volume, a stopwatch, temperature measuring equipment for ampient
temperatur¢ and water-temperature, a test pressure sensor and a sensor for ambient pressur¢ are
necessary.

As conductqncelleaks normally have no tracer gas reservoir, a separate tracer gas supply is needdd for
calibration.

7.2.3 Preparation of leaks and apparatus

The measuring glass is filled with water (see Figure 7). The water shall have the same temperature as
the ambient temperature. The leak is connected to the gas supply and the flow of the leak is conducted
via a hose into the measuring glass. The time to fill a certain volume with gas shall be recorded.

If the inlet pressure of the leak is low (<50 kPa), the hydrostatic pressure is not negligible and the
average pressure shall be considered and checked at the beginning of the calibration. This is achieved
by replacing some of the water in the measuring glass with gas via the unknown leak. When the water
in the measuring glass has been replaced by half of the planned measuring gas volume, the gas supply
valve shall be closed. After a few seconds the pressure will equilibrate and the pressure gauge at the
leak inlet shows the difference between ambient pressure and the average exhaust pressure at the
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unknown leak. This pressure plus the ambient pressure is the outlet pressure, ptest out, of the leak and
shall be used in the calculation by Formula (6).

Furthermore, satisfy the requirements for the preparation according to Method C.

Key

1

2

3

4 (

7.2.4

a)

b) {

I

d) {

e) 1
\

f) 1

st pressure
ressure gauge
!

nknown leak
onnecting hose

Measurement

vithin £2 %.

water basin
measuringglass
water level

XX N o v

shut=off valve

Figure 7 — Set-up for Method D measurement

he inlet pressure at the referende Jeak shall be adjusted with exhaust to ambient;

he measuring glass shall.completely be filled with water;

The pressure sensor shall be placed directly at the entrance of the reference leak (see Higure 8);

vater temperature and ambient temperature shall be the same within a tolerance of #1 K;

he hose shall be insérted into the measuring glass and the time shall be measured until a certain
rolume of gas is-accumulated inside the measuring glass (see Figure 9);

epeat steps‘b) to e) at least three times. The repeatability of the measurements shall be

© IS0 2017 - All rights reserved
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2
9
Key .
1 testpressure 4  connecting hose (bQ) ’
2 pressure gauge 5  water basin Qb‘
3 unknown leak 6  measuring glass Oq’
Key
1 testprespure %O ‘ 4 connecting hose
2 pressure gauge c)\ 5 water basin
3 unknown leak Q‘Q 6  measuring glass
§Figure 9 — Method D: End condition of measurement
7.2.5 EvaluatienforMetheod D

The pressure condition in Formula (6) is based on a laminar flow in a round pipe (Hagen-Poiseuille). For
each type of reference leak, it shall be checked whether this calculation is permitted. Otherwise, it is
necessary to calculate with an empirical correction factor.

The unknown leakage rate is given by:

2 2
DPrefin” —P p xT p
Nref % ref,in ref ,out x test,out ref % test,out (6)

QN =Qpy X
pv 2 2
Mtest  Pregt in~ —Ptestout  Pref,out XTtest  Drest out — (p v,ref ~ Py test )
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where

N is the nominal leakage rate;
Qpv  isthe pV-throughput at test condition according to Formula (3);
nref  is the viscosity of gas at reference conditions;

Ntest 1S the viscosity of gas at test conditions;

[Lref’in is the reference pressure at leak entrance;

Brefout 1S the reference pressure at leak exit;

Dtestin 1S the test pressure at leak entrance;

Dtest,outls the test pressure at leak exit (in the measuring glass);
Tref is the reference temperature;

Ttest  is the temperature at test conditions;

Bvref isthe vapour pressure at reference conditions;

Bvtest 1S the vapour pressure at test condition.

7.2. Influence factors to measurement uncertainty
The ¢alibration is influenced by the following factors:

— festtime;

— {est volume;

— ambient pressure;

— flemperature of the water;

— 3mbient temperatuire;

— yapour pressure;

— {est pressure;

— golubility of the gas into the liquid.

The bneertaintyshallbe-caleulated-according the commeon-pguidelines{see 22— ——

7.3 Calibration by (volumetric) gas meter (Method E)

7.3.1 General

This method is applicable to conductance leaks in the range of 2 000 Std cm3/min up to around
100 000 Std cm3/min.
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7.3.2 Equipment

If the leaks are so large that it is not possible to calibrate them using Methods C or D, it is possible to use
a calibrated gas meter. The gas flow from the reference leak (outlet) shall be led into the gas meter. The
test time shall be minimum 1,5 min.

As equipment, a calibrated gas meter, a stopwatch, temperature measuring equipment for ambient
temperature and a sensor for ambient pressure are necessary.

NOTE

As a gas meter measures volume flow (e.g. m3/h) the total pressure is needed to obtain pV-throughput.

As conductance leaks normally have no tracer gas reservoir, a separate tracer gas supply is needed or

calibration gnay be performed with filtered, oil free and dry atmospheric air.

7.3.3 Pre

The referen
close to the

Furthermorj
7.3.4 Med
a) The pre
b) the refe
c) the timg
d) the med
e) repeat{
7.3.5 Eva

The pressuf
For each tyy
is necessary

The unknow

paration of leaks and apparatus

Ce leak shall be fitted directly at the entrance of the gas meter. The pressurie:sensor shi
entrance of the reference leak.

e, the requirements for the preparation according to Method C shatl-b€ observed.

surement

ssure sensor shall be directly at the entrance of the reference leak;

rence leak shall be mounted directly at the inlet of the-gas meter;

 shall be measured until a certain volume has passed the gas meter;

sured volume should be larger than 1,5 x ofthe nominal volume of the reference leak;

tep c) at least three times. The repeatability of the measurements should be within +2

uation for Method E (gas meter)

e of reference leak, it shadll be checked whether this calculation is permitted. Otherw
to calculate with an empirical correction factor.

'm leakage rate is given by:

2 2
Pieein —P p xT,
% Nref % ref,in ref out o Ptest,out ref

h]] be

e condition in Formula (7).is\based on a laminar flow in a round pipe (Hagen-Poiseuille).

se, it

(7)

QN _va Mtest ptest,inz _ptest,outz Pref out ><Ttest
where
0N sthemominaHeakagerate;
Qpv is the pV-throughput at test condition according to Formula (3);
Nref is the viscosity of gas at reference conditions;
Ntest 1S the viscosity of gas at test conditions;
Prefin 1S the reference pressure at leak entrance;
Prefout 1S the reference pressure at leak exit;
Ptest,in 1S the test pressure at leak entrance;

18

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=eba56b6462c266557b3d83b08fd36ec1

ISO 20486:2017(E)

DPtest,outis the test pressure at leak exit;

Tref is the reference temperature;

Ttest  is the temperature at test conditions;

Because the gas counter is a real volumetric unit, there is no vapour pressure influence taken into
account.

7.3.6 Influence factors to measurement uncertainty

The

q

q

dmbient pressure;

gmbient temperature;

falibration 1s mainly influenced by the following factors:
est time;

est volume;

est pressure;

The

7.4

7.4.1

This
non-

The

volumes and different times,-it is possible to adapt to different leakage rates. This meth|

for lg
to an
pres

As e(
refen
the k

The

internal flow resistance of the gas meter;

ncertainty of the gas meter.

ncertainty shall be calculated according the comtién guidelines (see [2]).
Calibration by pressure change in a known volume (Method F)

General

method is an alternative to Methods A and B and it can be used for most types of non-
Corrosive gases.

aks with or without\a/gas reservoir. It is also possible to measure a gas flow from oy
hbient pressure, from ambient pressure to vacuum, from over-pressure to vacuum o
bure to anothergver-pressure.

juipment, d pressure sensor, a stopwatch, a chamber with a known volume and a gas §
ence leaks/'without own gas reservoir is necessary. If it is necessary to use other pres
nownsvelume, a vacuum pump or a separate gas supply with dry and clean gas is also

condensing,

eakage rate is calculated by the pressure rise in a known volume over time. By using different

od is usable
rer-pressure
- from over-

upply for all
sures inside
hecessary.

. This is the

edak unit of 1 mbar-l/s means a pressure change of 1 mbar in 1 1 volume per second

same as a leakage rate of 1 bar cm3/s = 0,987 Std cm3/s.

The leakage rate for those leaks can be specified in Std cm3/min, in mbar-1/s or in Pa-m3/s.

Using this method, it is possible to determine a leakage rate by a pressure change in a known volume.

Ther

e are three options for calibration with this method:

1) gas flow through the calibrated leak from pressure (absolute pressure) to vacuum in the test
chamber;

2) gas flow through the calibrated leak from positive pressure to ambient pressure in the test
chamber;

3) gas flow through the calibrated leak from pressure (absolute pressure) to a lower pressure in the
test chamber.

© ISO

2017 - All rights reserved
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The accuracy of the calibration depends on the test volume, on the test time and under certain
conditions also on physical effects (e.g. desorption from the chamber walls). It can be a time-consuming
calibration and uncertainty decreases with the test time. This type of calibration is preferred for leaks

in the range

between 10-7 Pa-m3/s to 10-3 Pa-m3/s.

The advantage of this method is that it can be used for nearly all gases and a mass spectrometer is

not needed.

NOTE

A deeper evaluation of this method can be found in [3].

7.4.2 Preparation of leaks and apparatus

Independen
test chambe

1)
2)

connect]
injectin
[t is import
volume itse
During the y

leak and val
calibrated l4

The volume

In a test wif
Before a cal

The system

[ from the calibration method, the first step is to determine the exact inside volunie\d
r. This can be done by two methods:

ion of the test chamber to a known volume;
p a known gas volume to the test chamber.

int that the valve between the chamber and the known volume dges’not have an int
f. A change of the volume, which is generated by the valve, shall"be taken into acc
olume check, the valve to the calibrated leak shall be open so,tHat the dead volume bet)
ve of the reference leak is included in the calculation. There Should be no flow throug
ak during the volume check.

check shall be done 3 times and shall be used in the calculation of measurement uncerta

h vacuum chambers, there is the effect of pressure rise by outgassing from the surf
bration, this effect of outgassing shall be determined and be subtracted from the resu

shall be thermally insulated against rapid-ambient temperature changes.

It shall be enpsured that the test chamber is free ofleaks.

74.2.1 V4

A known ga
and pressurj

The leak tig

lume determination of test chamber by connecting a known volume

s volume, I/, with pressure, py, is connected to the test chamber of unknown volum

f the

brnal
bunt.
veen
h the

linty.

aces.
t.

e, V1,

e, p1, by a valve (which has no internal volume). Opening the valve generates a total volume,
V3, with a upiform pressure, p3,

htness of the overall system shall be ensured. See Figure 10.
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2 3
2
1
\
4
7
6 5

Key
1 st chamber V7 with pressure p1 5 vacuum¢pump
2 I;essure sensor 6  refererice leak
3 Yenting valve 7  deadvolume V'p
4  Known gas volume V; with pressure p;

Figure 10 — Set-up for Method F measurément by connection of the test chamber to a
known volume

The ¢hamber volume, V1, can be calculated according to Formula (8):

V,%(p2 —p3) ®)

L (P3—P1)

wherte

V1 is the unknewn volume;
V> is the kinewn gas volume;

p1 isthe'pressure of unknown volume;

pZ-Js the pressure of known gas volume;

p3 isthe pressure after valve was open.

7.4.2.2 Volume determination of test chamber by injecting a known gas volume

Alternatively, the volume of the unknown test chamber can be determined by injecting a known gas
volume, V3, into the unknown volume, V1, via the connecting valve. By injecting the gas volume, /3, the
pressure inside the test chamber rises from p; to p2. See Figure 11.
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2 3
1
\.
[ 7 ] E 4
6 5
Key
1 testcharhber V1 with pressure pp 5 vacuum pump
2  pressuresensor 6  reference leak
3 venting yalve 7  connectingvalve
4 known gps volume V> with pressure p;

Figure 11 — Set-up for Method F measurement by/injecting a known gas volume to the tefst
chamber

The volume) /1, can be calculated according to:Fermula (9):
_ Vixpy
(Pz —P1)

(9)

where

V1 is the unknown volume of the test chamber;
V7 is the injectinggas volume;

p1 s the pressure before injection;

p2 is the“pressure after injection.

7.4.3 Measurement

After the volume of the test chamber has been determined, the leak to be calibrated shall be connected
to the test chamber via the connecting valve. The gas from the unknown leak causes an increase of
pressure in the test chamber over time. The pressure increase in the test chamber can be calculated to
yield a leakage rate.

During the test, the ambient temperature shall be constant.

The pressure condition in Formula (10) is based on laminar flow in a round pipe (Hagen-Poiseuille). For
each type of leak, it shall be checked whether this calculation is permitted. Otherwise, it is necessary to
calculate with an empirical correction factor.
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The leakage rate of the leak to be calibrated at atmospheric pressure is given by Formula (10):

2 2
_ ApxV, % Nyef % Pref,in ~ Pref,out % Ptest out XTref

" t Mtest ptest,in2 _ptest,outz Pref out X Trest
where
N is the nominal leakage rate;
Ap is the pressure change in the chamber during test time;
41 is the volume of the test chamber;
t is the test time;

Nref  isthe viscosity of gas at reference conditions;
Mrest 1S the viscosity of gas at test conditions;
Brefin 1s the reference pressure at leak entrance;
Brefout is the reference pressure at leak exit;

Dtest,in 1S the test pressure at leak entrance;
Dtest,outis the test pressure at leak exit;

Tref is the reference temperature;

Ttest  is the temperature at test conditions:
7.4.4 Special situation in vacuum chambers

7.4.4.1 General

(10)

If the chamber is under vacuumy) ‘it is possible that the inner surfaces are outgassing. Thi$ outgassing
influpnces the test result and.it is therefore necessary to determine the amount of desorbinig gas before

the cplibration is performed.

To obtain the rate of.d€sorbing gas, the test volume needs to be evacuated to the start vacu
(for ¢xhaust intozaeuum, less than 1 mbar absolute). Wait the expected test time (withou
the lgak to be calibrated) and measure the pressure rise during this time. The pressure ris¢
time|originatesfrom outgassing of the surface. See Figure 12.

The Jeak tightness of the overall system shall be ensured. It shall be also ensured, by tri

im pressure
[ connecting
e during this

als, that the

outgpssing is repeatable.
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Key

Ap

Ap pressurgincrease by outgassing

p total pre

t measure|

After the v

ssure

ment time

Figure 12 — Method F: pressure increase by outgassing process

conditions and the leak to be calibrated shall be connected to the test.chamber.

The leakagsg
leakage ratd

corrected fdr the outgassing of the test chamber. See Figure 13.

blume of the test chamber has been determined, the tést system shall be set to

rate of the unknown leak causes a pressure rise inside the test chamber volume, V1
of the unknown leak is calculated by this pressure rise in the test chamber volum

start

The
e, V1,

p
——————————————————————————————— r
~
P
P
P
P
1 -
~
P
P
P
P
2 /—7/ ———————————————————————————
Key
1  pressureINCIrease by OUtgassing + [eakage rate
2 pressure increase by outgassing
p  total pressure
t  measurement time

Figure 13 — Method F: pressure increase by outgassing process and leakage rate

7.4.4.2 Measurementin a vacuum chamber

Test time, test volume and pressure sensor shall be selected in a way that the pressure rise in the
chamber during the measurement is lower than 1 % of the inlet pressure of the leak to be calibrated.
Otherwise, the influence of the exit pressure on the leakage rate of the unknown leak would be too high.
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If a leak without a reservoir is calibrated, then it is necessary to use a calibrated manometer at the inlet
of the leak to be sure that there is the correct pressure. The uncertainty of this manometer shall be also
taken into account in the calculation of the uncertainty of the unknown leak.

7.4.5 Evaluation for Method F (pressure change)

The leakage rate of the unknown leak is:

2 2
(Ap_Apdes )XVI % Nref x Pref,in ~Pref out % Ptest out ><Tref

QN = (11)
t Mtest ptest,inz _ptest,outz Pref out X Ttest
whertte
DN is the nominal leakage rate;
Ap is the pressure change in the chamber during test time;

Apges is the pressure change by outgassing (desorption) during testtime;
11 is the volume of the test chamber;

i is the test time;

Nref is the viscosity of gas at reference conditions;

Mrest 1S the viscosity of gas at test conditions;

Brefin 1s the reference pressure at leak entrance;

Brefout 1S the reference pressure at leak eXit;

Dtestin 1S the test pressure at leak entrance;

Dtest,outis the test pressure at leak-exit;

Tref is the reference temperature;

Ttest  is the temperature at test conditions.

7.4.4 Influence factors to measurement uncertainty
The ¢alibrationdsimainly influenced by the following factors:
— {est time;

— vyolume of the test chamber;

— ambient temperature;

— test pressure at reference leak;

— uncertainty of pressure sensor (if present) at unknown leak;

— uncertainty of pressure sensor at test chamber;

— pressure change by outgassing.

The uncertainty shall be calculated according the common guidelines (see [2]).

To calculate the uncertainty of the volume of the test chamber all dead volumes, especially those
between the valves, shall be taken into account.
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7.5 Calibration by volume change at constant pressure (Method G)

7.5.1 Equipment

The system setup is shown in Figure 14. There is a connection flange for the leak to be calibrated and
two valves for venting to atmospheric pressure. A diaphragm gauge measures the differential pressure.

The change in volume AV is made with a calibrated drive to which a piston is connected. The piston has

a vacuum tight seal to the chamber of calibration.

1

Key

1 leaktob
2 differtiall
3  valve V4

7.5.2 Pre

The system
be performsd

b calibrated
pressur sensor

paration of leaks and apparatus

the calibrat1on System resides.

piston drive
volume V

valve V3

Figure 14 + Schematic of the pAV calibration system

is thermally insulated against rapid ambient temperature changes. Before a calibratio
d, theunknown leak needs to reach equilibrium with the temperature of the room in y

N can
rhich

7.5.3 Measurement

Once the leak is connected and the valves shut, the pressure in the calibration volume starts to increase.
As soon as the differential pressure rises above a certain level, a change of volume, AV, is made by the
piston. As a consequence of the increase in volume, the pressure drops below the zero differential
pressure level but starts to increase again due to the gas emitted from the leak. When the pressure
reaches the original level, another increase in volume is performed. This procedure of the volume

increment is repeated at least 20 times. The pressure data shall be recorded. See Figure 15.
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