INTERNATIONAL ISO
STANDARD 21360-1

Second edition
2020-06

Vacuum technology — Standard
methods for measuring vacuum-pump
performance —

Part 1:
General description

Technique du vide — Méthodes normalisées pour mesurer |es
performances des ppmpes a vide —

Partie 1: Description générale

Reference number
1SO 21360-1:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=f779a8ae09d13556634db2eb840db02f

ISO 21360-1:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=f779a8ae09d13556634db2eb840db02f

IS0 21360-1:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 1
4' syﬂlbﬂls alld abbl cv;atcd tCl 1119.... 3
5 TESEIMETROMS. ... e gt | e 4
51 Volume flow rate (pumping speed) measurement by the throughput method...}................... 4
5.1.1 General 4
5.1.2  Test dome for the throughput method.........com S o 5
5.1.3  Experimental SEtUP ... SR e e 6
5.1.4  Determination of the volume flow rate ... w7
5.1.5  Measuring ProCedure. ... oy 8
5.1.6  Measuring uncertainties ... @ 8
5.1.7  Evaluation of the measurement........... e 8
5.2 Volume flow rate (pumping speed) measurement by the orifice method .9
521 GENETAl.ooeeeiees ey oo | e 9
5.2.2  Test dome for the orifice method......5¢. ] 9
5.2.3  Experimental SEtUD ...yttt
5.2.4  Determination of the volume flow'rate.............
5.2.5  Measuring procedure for the grifice method.......
5.2.6  Adjustment of the pressure:measuring gauges...
5.2.7  Measurement of the volume flow rate...................
5.2.8  Measuring UnCertaiNti®s . ...
5.2.9  Evaluation of the MBASUIreMENT . ...
5.3 Volume flow rate (pumpingspeed) measurement by the pump-down method...
5.3 1 GONETAL o e
5.3.2  Test dome forthe pump-down method ...
5.3.3  Quick-aetihg valve........ccois
5.3.4  Experimental Setup ..o
5.3.5  Determination of the volume flow rate...
5.3.6  Measuring procedure...............
5.3.7 ~N\Limits of applicability ...
5.3.8~ Evaluation of the measurement..... ...
5397 Measurement UNCETtaINTY ...
5.4 Measurement of the base pressure
541  Operating CONAItIONS ...
5.4.2  Test procedure for pumps with a base pressure >10~4Pa.....
5.4.3  Test procedure for pumps with a base pressure <10~4 Pa....
54-4—Evaluation-efthemeasurement———————eeeeeeeee
5.5 Measurement of the compression ratio and the critical backing pressure
551 EXPErimental SELUD ..o

5.5.2  Determination of the compression ratio and the critical backing pressure..
5.5.3  Measurement procedure

554  Measurement UNCETTAINETY ... oo 22
5.5.5  Evaluation of the MeasuremMents ... 22

5.5.6  Specific recommendations for extremely high compression ratio
ITLEASUTEITYEIIES ..ok 22
Annex A (informative) Mean free path of some important Gases ... 24
Annex B (informative) Measuring UnCertaiNties . ... 25
BIDLEOZTAPIY . ... 28

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=f779a8ae09d13556634db2eb840db02f

ISO 21360-1:2020(E)

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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document is a basic standard for measuring the performance data of vacuum pumps. The methods
specified here are well known from existing national and International Standards. In developing this
document, the aim has been to provide a single document containing the measurements of performance
data of vacuum pumps and to simplify the future development of specific vacuum pump standards.

Specific vacuum pump standards will contain a suitable selection of measurement methods from
this document in order to determine the performance data, limiting values and specific operational
conditions on the basis of the specific properties of the particular kind of pump. Whenever a discrepancy
exiqts between this document and the specific standard, it is the specific standard which js yalid.
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Vacuum technology — Standard methods for measuring
vacuum-pump performance —

Part 1:
General description
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5 document specifies three methods for measuring the volume flow rate and one meth
jsuring the base pressure, the compression ratio, and the critical backing pressure of a vac

first method for measuring the volume flow rate (the throughput method) is the basic
ch a steady gas flow is injected into the pump while the inlet pressuréis measured. In p
isurement of gas throughput may be complicated or inexact. For thiSreason, two other nj
Cified which avoid the direct measurement of throughput.

second method for measuring the volume flow rate (the“orifice method) is used wh
7 small throughput at very small inlet pressures (under @high or ultra-high vacuum). It
isuring the ratio of pressures in a two-chamber test dome in which the two chambers arg
wall with a circular orifice.

third method for measuring the volume flow\rate (the pump-down method) is well
bmated measurement. It is based on the eyacuation of a large vessel. The volume f
ulated from two pressures, before and after a pumping interval, and from the volume

ing the pumping interval, and increasing flow resistance in the connection line betweer
pump caused by molecular flow atlow pressures, influence the results of the pressure mq
the resulting volume flow rate.

choice of the required measurement methods depends on the properties of the speci
lum pump, e.g. the measurement of the critical backing pressure is only necessary f
\ps which need a bagking pump. All data that are measured on a vacuum pump, but nq

Normative references

following’documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated'references, the latest edition of the referenced document (including any amendmen

bd each for
llum pump.
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bn there is
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ic kinds of
or vacuum
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his document (e.g. measurement of power consumption), are defined in the specific pump standard.

Pir content
pplies. For
[s) applies.

ISO

3

3529-2, Vacuum technology — Vocabulary — Part 2: Vacuum pumps and related terms

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3529-2 and the following apply.

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

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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3.1

volume flow rate

qy

qy = d—‘t/ where

V  isvolume;

t istime

[SOURCE: I

SO 80000-4:2006[41, 4-30]

EXAMPLE

conditions, flows from the test dome through the pump inlet per time.

In the context of this document, the volume flow rate is the volume of gas which, under ideal

Note 1 to erftry: For practical reasons, the volume flow rate of a given pump and for a given gas is conventiorjally
considered fo be equal to the quotient of the throughput of this gas and of the equilibrium pressure at a gjven

location. T
Note2toe

3.2
inlet pres:

P1Pa» Pe
pressure a

3.3
base pres:

Py
pressure o

Note 1 to entry: See 5.4.

3.4
maximum

P1max
highest pr
prolonged

3.5
backing p

P3
pressure a

3.6

critical backing pressure

Pc
maximum

volume flow rate is expressed in cubic metres per hour or litres per second.

”

ry: The term “pumping speed” and symbol “S” are often used instead of “volume flow rate”.

ure

 the inlet of the pump, measured at a defined location in the'test dome

ure

ptained in the test dome after conditioning the'vacuum pump and the test dome

working pressure

pssure on the inlet side thattthe vacuum pump and the driving device can withstand fpr a
period of operation time without being damaged

fessure

[ the outlet of-d&vacuum pump

baeking pressure for which the conditions are defined in the instruction manual or |n a

specific stz

3.7

I L. .
Trtard-forthe particutar vacuunm purmp

compression ratio

Ky

compression ratio without gas load, wherein py 5 is the base pressure of the backing pump and p,, is the
base pressure of the test pump

k. P37 Pb3

P17 Py

0
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3.8

test dome

special vacuum vessel with precisely defined size, diameter and connection flanges on specified
locations, used for standard performance data measurements on vacuum pumps

39
throughput
Q

amount of gas flowing through a duct, expressed by the formula:

p V
(J:
t

=Py
whegre

p; s the (high) vacuum pressure on the inlet;
qy is the volume flow rate of the test pump;

t istime;

V' is the volume of transported gas

3.19
standard gas flow rate

Aysth
Voslume flow rate at standard reference conditions, i.e0 °C and 101 325 Pa

4 (Symbols and abbreviated terms

Yymbol Designation Unit

a inner diameter of the connection pipe between test pump m
and quick-acting valve (items 3 and 5 in Figure 6)

A cross-section ofithe connection pipe between test pump and m?2
quick-actingyvalve (items 3 and 5 in Figure 6)

C condugtance m3/s (= 1031/s)
d didmeter of orifice m
D ihner diameter of test dome m
D, diameter of the inlet pipe m
Dy nominal diameter of test dome m
K, compression ratio of vacuum pump with zero throughput  —
| length of the connection pipe between test pump and m

quick-acting valve (items 3 and 5 in Figure 6)

i mean free path m
M molar mass of gas kg/mol
Po standard atmospheric pressure — 101 325 Pa Pa

© IS0 2020 - All rights reserved 3
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P1 (high) vacuum pressure on inlet Pa (or mbar)
P1imax maximum working pressure on inlet Pa (or mbar)
P3 vacuum pressure in backing line Pa (or mbar)
P+ PP, Ppressures in the test dome f(_)r th_e pump-down method, Pa (or mbar)
measured before and after time intervals Aty, At,, At;
Pv1 Pp2y Pp3  base pressures Pa (or mbar)
P critical backing pressure Pa (or mbar)
Py De pressures in the test dome for the orifice method Pa (or mbar)
Q gas throughput of vacuum pump Pa‘l/s (or mbar<l/s)
Q, test gas load Pa-l/s (ormbar-l/s)
qy volume flow rate of test pump 1/s(or)m3/h)
Qvep volume flow rate of backing pump /s (or m3/h)
Qvscem volume flow rate at standard reference conditions for gases, sccm (or cm3/min)

i.,e.0°Cand 101 325 Pa

Qvstd volume flow rate at standard reference conditions\for gases, 1/s (or m3/h)
i.e.0°Cand 101 325 Pa

Qmax maximum gas throughput of vacuum pumprwhich the pump Pa-l/s (or mbar-1/s)
can withstand without damage

R ideal gas constant 8,314 ] /(mol-K)
T thermodynamic temperature K

T, 273,15 K (defined as 0 °C) K

Ty temperature of the test dome K

T¢ temperature of'the flow meter K

u measurenient uncertainty —

%4 volunie of the test dome 1, m3

/4 volume of connection pipe between test pump and quick-act- 1, m3

ing valve (items 3 and 5 in Figure 6)

1) thickness of the orifice wall at the orifice diameter m

5 Test methods
5.1 Volume flow rate (pumping speed) measurement by the throughput method

5.1.1 General

The throughput method is the one most used for vacuum pumps and is applicable to all pressure ranges
and pump sizes where flow meters for gas throughput measurements are available with sufficient

4 © IS0 2020 - All rights reserved
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accuracy. The gas flow measuring ranges shall be chosen by multiplying the expected volume flow rate
by the maximum and minimum working pressure of the test pump.

All measuring devices shall be calibrated either:

a)

in a traceable way to a vacuum primary or to a national standard, or

b) by means of instruments of absolute measure which are traceable to the SI units and to which

measurement uncertainties can be attributed.

In the case of calibrated measuring instruments, there should exist a calibration certificate in

acc

5.1/2 Test dome for the throughput method

For

as that of the pump inlet. The face of the dome opposite the inlet flange may beflat, conical
curyed, with the same average height above the flange as the flat face. Three.flanges are prg¢
pregsure measurement at a height of D/2 above the bottom flange if more than one pressu
usefl. The diameter of these flanges should be greater than or equal te'the flanges of the gz

and|

d il ICA/TDC 17020 [3]
I'UudIricc vvitil luU/ ITLG L7 VLI,

these measurements, use a test dome as shown in Figure 1 with the same nominal di

their mounting dimensions shall be noted. No measuring port shall be located in the 3

meter, Dy,
or slightly
pferable for

Ire gauge is

uges used,
ngle range

*+45° next to a gas inlet port. The connection pipes between flange@nd dome shall not protrfide beyond

the

If npcessary for the test pump, the test dome shall be fitted with a device for bake-out th
uniform heating of the dome to achieve the base pressure:

The

detils.

For
cor

adaptor, as shown in Figure 1.

dome wall on the inside, with the exception of the gas inletpipe.

volume of the test dome may depend on the pump type. Refer to the specific pump st

pumps with an inlet flange diameter ofless than Dy = 100 mm, the diameter of the
respond to Dy = 100 mm. The transitionto the pump inlet flange shall be made through a

at ensures

andard for

Hdome shall
1.5° conical
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A-A
{f;':"& o
| e
] i /2
S 1 | 2 | ;
A |/ == »
Q Q R . pp—— \ - / !
sy /
T —</_t |
Lf'\h | Ll'\h 1
T i T .‘/z
A | | | A
o0
| I |
L&
v
Key
1 gasinlgt pipe and temperature measuring point for T},
2 vacuunj gauge and mass spectrometer connections
D; diameter of the inlet pipe
D inner djameter of test dome, in metres
NOTE D; should be big enough to allow homogenous gas conditions at the pump flange. A diameter of 0,1
generally agpropriate.
Figure 1 — Test dome for the throughput method
5.1.3 Experimental setup
See Figure|2.
The test dpme shall be clean and‘dry. The cleanness of the pump, seals and other components s
be appropriate for the expected’'base pressure. All components are mounted together under cl
conditions|in accordance with”Figure 2. Because of the narrow measuring range, flow meters v
different ranges may be switched in series. If flow is restricted by a small flow meter, they may be u
in parallel with a manifold, adding a valve between every flow meter and the manifold. Instead of
flow meterfand the gas'inlet valve, mass flow controllers with programmable throughputs may be u
They shall pe combiired in parallel on a manifold.

The leak-t

Dis

hall
ean
vith
sed
the
Sed.

tis

Ionization gauges and mass spectrometers shall be installed in such a way that there is no direct
geometrical path between them.

CAUTION —

Observe the safety instructions of the vacuum pump manufacturer.
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| 7|
Spkr | o
5 4 || |
5 4 | 6 |
N I
5 4 9(! 3
8
2
Key
test dome 4 gas inlet valve 7  heating jacket (optional
backing pump 5 flow meters to measure Q 8  vacuum gauge to measufe ps3
test pump 6 vacuum gauge to measute\p; 9  temperature measuring|point for T},
NOTE Items 2 and 8 are only used in connection with kigh-vacuum test pumps.

Figure 2 — Arrangement for measuring volume flow rate (pumping speed) with thrpughput
method

5.1/4 Determination of the volume flow rate

Thg method adopted for the méasurement of the volume flow rate, gy, is the throughput method for
which the gas throughput, @,is measured outside the dome. If the pressure, p;, in the test dome,
megsured by a vacuum gauge at the specified height above the bottom flange (see Figurg 1), is held
conptant, the volume flot rate, qy, is obtained by the relationship

qQy = ¢ (1)
b1=Py
where p, isthe base pressure in the test dome (see 5.4).
An gnalogue equation is valid for the volume flow rate of the backing pump, qygp.
%
7] — (2)

The gas throughput can be measured volumetrically (gas burettes, gas counters) by means of viscous
flow effects (rotameter, capillaries) or, in most cases, by means of thermoelectric mass flow meters (see
Reference [6] pp. 109-113).

Because of the dependence of the temperature on the gas volume, for all volumetric measurements,
corrections by a factor of T/ T¢are necessary if the temperature, T;, of the flow meter and T}, of the test
dome are different.

NOTE Thermoelectric mass flow meters do not measure the throughput, but the volume flow rate, gy, at

standard reference conditions for gases (i.e. py = 101 325 Paand T = 273,15 K, see 3.10). To obtain the throughput,
Qystq 1s multiplied by the factor Tpp,/T,. Consequently, gy, is given by:

© IS0 2020 - All rights reserved 7
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_ ystdPo’p
v T, (Pl —Py )

(3)

The unit “sccm” (standard cubic centimetre per minute) is frequently used for qyq4. If so, one obtains gy,
inlitres per second, by inserting [qyctq = (Gyscem/scem) - 10731/60 s], [p, = 101 325 Pa] and [T, = 273,15 K]
in Formula (4), as follows:

(@yscem /cm® min~1 )x1073 1x101 325 PaxT,,

V=

1/s
605x273,15Kx(p; —p,)

(4)

5.1.5 Mg

The arrang
At the star
5.4). Then
increasing
period of t

When the

and p;, the
Q. If the th
valid. If the
measurem

this case, the pressure is the average of the measured values. If during a measurement, the pressure o

throughpu

Measurem
is increase

may be limlited by the manufacturer.

NOTE \
connected t|

5.1.6 Mg
The gas fl

standard uncertainty of less thany*3 %. For the exact calculation, see Annex B. The total uncertaint

the volumd

5.1.7 Ev

Plot on a
calculated
volume flo

asuring procedure

rement of the measuring equipment with the test dome from Figure 1 is given inlFiguy
t, when the gas inlet valve is closed, the base pressure shall prevail in the test dome
bas is admitted to the test dome through the adjustable valve. Measurements,are made v
pressure from a threshold value, allowing the correct use of the flowrmeéter. During
me, the ambient temperature shall be constant within 2 °C.

required pressure, p,, is obtained, within a variation of 3 %/min,measure the pressure
Foughput remains steady to within +3 %, the measurement &t this point may be regarde
throughput is unsteady due to a transient condition, wait.fintil it stabilizes. If the throug}
ent lasts for more than 60 s, the pressure, p4, in the dome.shall be noted at least every minut

varies by more than +3 %, the measurement shall be repeated until the readings are stabl

pnts shall be made at a minimum of three points per pressure decade of p;. If the through
l to the maximum allowed value, Q,,,,, the maXimum inlet pressure is obtained whose va

folume flow rate measurements can be made with different gases. When the gas is changed, all p
D the gas inlet valve are purged with-the’new gas before the beginning of the new measurement.

asuring uncertainties

bw should be measured with a standard uncertainty of +2,5 % and the pressure wi

flow rate shall be. <10 %.

hluation of the'measurement

e 2.
see
ith
this

$ D1
ambient temperature and the test dome temperature, Tp, as wellias the admitted throughput,

1 as
put
b, In
the
E.

put

ues

ipes

h a
[y of

semi-logarithmic graph (similar to Figure 5) the volume flow rate, gy, of the test pump,
by means of Formula (1), with respect to the inlet pressure, and plot on the same graph

the

v rate, qVBp, of the backlng pump (1f used), calculated from Qstd and p;, with respect to p

as to show

p1and ps. The base pressures ofthe vacuum pump, pbl, and ofthe backmg pump, py,3, shall be indicated.

The test report shall include as a minimum:

a)

flow meters used;

b)

c)
d)

e)

8

type and serial number of the test pump;
rotational frequency ("speed") and/or other operating conditions of the test pump;
fluids and their vapour pressures at 20 °C used in the test pump;

Dy (nominal diameter of the test dome and flange type);

© IS0 2020 - All rights rese
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f)
g)
h)
i)
j)
k)
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type and volume flow rate of the backing pump (if used);

type of seals used upstream from the inlet flange of the test pump;

type of baffles and traps employed during the test, as well as their temperatures;
cooling water temperatures and water flow rate;

ambient and test dome temperatures;

baking time and temperatures.

5.2

5.2

The
int
met
flov
flov

5.2

Thd
orif

donpe is needed.

Thd
ratd

to €
orif

For

For
Dy,

For
cor
a 4]

Volume flow rate (pumping speed) measurement by the orifice method

1 General

orifice method is applicable to high-vacuum pumps. Molecular flow conditions shall
he test dome. This method is recommended for low gas throughputs.where no suitab
ers are available. The orifice diameter in the test dome shall be adapted to the expec
U rate of the test pump in order to avoid excessively high pressuresiwhich would result
[ conditions through the orifice.

2 Test dome for the orifice method

test dome shall be cylindrical and of the shape shown inFigure 3. A wall with a (changeab
ice divides the dome into two chambers. A device for'bake-out that ensures uniform he:

diameter of the thin-wall orifice plate (6/d £0,1) shall be chosen according to the exp
and shall be such that the ratio of the pressures py and p, is between 3 and 30. Care shg

ice diameter, 2d.

specific values of I, see Annex A.

pumps with an inlet flange€diameter greater than or equal to Dy = 100 mm, the noming
of the dome shall be equalto the actual diameter of the inlet flange.

pumps with an inlet.flange diameter of less than Dy = 100 mm, the diameter of the
respond to Dy = 200-mm. In this case, the transition to the pump inlet flange shall be ma
° taper fittingdhaccordance with Figure 1.

be present
e gas flow
ed volume
in laminar

le) circular
iting of the

ected flow
11 be taken

nsure that in the orifice the mean free path, I, of the gas particles is not smaller than twice the

| diameter,

Home shall
de through
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-
Lt

¢d

Pe

150
i./
———
[T

nlet

nlet and temperature measuring point for T},

um gauge and mass spectrometer connections

r diameter of test dome, in metres

kness of the orifice wall at the orifice diametey, in metres

sures in the test dome for the orifice method, in pascals (or millibars)

Figure 3 —Test dome for the orifice method

perimental setup
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me shall be €lean and dry. For all connections on the high-vacuum side, bakeable knife-ddge
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— Donot touch inner surfaces with your hands. Use gloves during mounting.
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. 1 &
|75 7|
! 4 g ‘
Lo S _
10D 3
6
2
Key
1 test dome 6 vacuum gauge to/measure p;
2 backing pump 7 vacuum gauge\to measure py
3 test pump 8 vacuum gauge to measure p,
4 | gasinletvalve 9 heating jacket
5 | gasinlet valve 10  temperature measuring point for T

Figure 4 — Arrangement for measuring volume flow rate (pumping speed) with orifi¢e method

5.2/4 Determination of the volume flow rate

A th}in circular orifice plate divides the test dome into two volumes (see Figure 3). The volunje flow rate
is glven by

P4 ~Prd

qy =C| ——-1 (5)
Pe ~Ppe

where Cis the calculated conductance, taking into account the orifice size and the gas propefties.

The base préssures, p,4 and py,, in the upper and lower chamber of the test dome are meagured after
bakiing (s€e5.4) and before admission of the gas. The conductance of the orifice with diampter, d, and
thidkness; 8, can be calculated using Formula (6):

— |®RT, T |,
C_\/32M L+(5/d)Jd (©)

The term 1/[1 + (6/d)] is a correction factor (only valid for §<< d) that can be defined as the average
transition probability through the orifice.

Take care that the formula is used with consistent units. Inserting the values
R =8,314 ]/(mol-K)
M,;. = 28,97 - 1073 kg/mol
Tp =293 K (20°C)
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gives, in cubic metres per second,

91d?
ar =7 ./8 /) (7)
1+(6/d)
or, in litres per second,
910004
ar =~ 4,78 /) (8)
1+(8/4d)

o 3 i
where § and-d-are-meastredirmetres:

5.2.5 Mg

The arrang
inlet valve

asuring procedure for the orifice method

closed, the base pressures, p,, 4 and py,, shall prevail in the test dome (see 34).

5.2.6 Adjustment of the pressure-measuring gauges

After reach

ing and recording the base pressures, p,,4 and p,,, in the test domeythe test gas is admitte|

rement of the measuring equipment is given in Figure 4. At the start, after baking with all

d to

valve (Figdre 4, label 4) to check the sensitivity of the gauges (Figure 4, label 7) and (Figure 4, label|8).
Because thie gas flows directly to the pump inlet, the actual pressure$, p4 - p,q and p,, - p,., are equal at

a constantjgas flow through the valve.

CAUTION |— Use only dry gases (99,9 % by mass) for the measurements in order to avyoid
adsorptioh and desorption processes.

Take at lepst three measurements per decade of pWwith increasing pressures, beginning from a
threshold yalue of twice that of the base pressure, py

Calculate the ratio (pq - ppq)/(Pe — Ppe) for everyjcouple of pressure values which should be equal to|1. If
there are deviations from 1, the sensitivity of.one gauge shall be corrected by the mean deviation fagtor
for each defcade.

After this ddjustment, the test dome ispumped down to almost the base pressure and the measurenpent

of the volu

5.2.7 Mg

The gasisz
with incre:
the require
be regarde

Take meas

me flow rate can start.

asurement of the‘volume flow rate

dmitted to thétest dome through the adjustable valve (Figure 4, label 5). Take measurem;d
ising pressures, starting from a threshold value of twice that of the base pressure, p;,. W|

d as valid. If pressure is unsteady due to a transient condition, wait until it stabilizes.

bnts
hen

d pressure,'p,., is obtained and remains stable for at least 60s to within +3 %, this point may

fo a

pressure at
the test dome becomes less than 2d, where d is the dia

utenients at a minimum of three points per pressure decade up to p, =1 - 1073 Pa or

Py P and p; are recorded at each measurement.

Calculate the volume flow rate, q;, with Formula (5).

NOTE

connected to the gas inlet valve are purged with the new gas before the beginning of the new measurement.

5.2.8 Measuring uncertainties

't of

meter of the orifice (see Annex A). The pressures

Volume flow rate measurements can be made with different gases. When the gas is changed, all pipes

The pressure ratios should be measured with an uncertainty of <3 % and the orifice diameter with an
uncertainty of 0,5 %. If the pressure in the upper chamber rises to a value where the mean free path
approaches double the orifice diameter, the conductance grows by 3 % of the molecular flow value (see
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Reference [7] pp. 147-150). For the exact calculation, see Annex B. The total uncertainty of the volume
flow rate shall be <10 %.

5.2.9 Evaluation of the measurement

Plot on a semi-logarithmic graph (see Figure 5) the volume flow rate, gy, of the test pump, calculated
by means of Formula (5), with respect to the inlet pressure, and plot on the same graph the volume
flow rate, qygp, of the backing pump (if used), calculated from Q = p.q;, = C(pq - p.) and p3, with respect
to p3, so as to show the size of the backing pump. The range of abscissa shall cover the whole range of
pressures p, and p;. The base pressures of the vacuum pump, p;., and of the backing pump, p, 3, shall be

The test report shall include as a minimum:

=

a) [type, serial number, measuring uncertainty and operational conditions of all gauges use(d;
b) [type and serial number of the test pump;

c) |rotational frequency ("speed") and/or other operating conditions of thetest pump;
d) |fluids and their vapour pressures at 20 °C used in the test pump;

e) |Dy (nominal diameter of the test dome and flange type);

f) |type and volume flow rate of the backing pump (if used3;

g) |type of seals used upstream from the inlet flange ofthe test pump;

h) |type of baffles and traps employed during the test, as well as their temperatures;

i) |cooling water temperatures and water flow@ate;

j) |ambient and test dome temperatures;

k) |baking time and temperatures.

YA
150 |

v

100 |

50 |

qvp

| | | | | | [

0 >
10* 103 102 10" 10° 10 10> X

Key
X  inlet pressure, in pascals qy volume flow rate of test pump
Y  volume flow rate, in litres per second qygp volume flow rate of backing pump

Figure 5 — Example of volume flow rate (pumping speed) curve
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5.3 Volume flow rate (pumping speed) measurement by the pump-down method

5.3.1 General

The pump-down method should be used for small pumps. The pumping speed is obtained by evacuating
a test dome with the test pump. This method requires a measurement of pressure versus time as well as
a knowledge of the volume of the test dome. The advantages of the method are that no gas flow needs to
be measured and that automation of the procedure is easy.

However, continuous evacuation has certain disadvantages, such as those cited in the following.

— The prlessure measurement can be disturbed by the response times of pressure gauges andcof{the
data a¢cumulation system.

— Evacuation of a vessel corresponds to an expansion of the gas out of the vessel, resultingina cooling
of the pas. As a result, the observed pressure drop originates from both the removal’of gas by|the
pump and the cooling of the gas in the vessel. The cooling effect changes in the coutrse of pumping
down [since the speed of heat transfer between gas and vessel walls depends on pressure. At
atmospheric pressure, the gas expansion is close to isentropic (resulting in substantial cooling),{but
in the fine vacuum regime, it is close to isothermal (resulting in a quick waiming up to the ambjent
temperature of the cooled gas).

These problems are avoided by intermittent pumping, such that the-vessel is evacuated in repegted
pump cyclgs, At;, with intermediate waiting times, At,. At the begitfining of a cycle, the vessel is valved
off and thd pressure is recorded as initial pressure. The vessel is\pumped for a certain time inteifval,
Aty, until the pressure has decreased by several per cent. The puniping process is then interrupted, pnd
the second|pressure value recorded after the time interval, A¢3;, which allows for thermal equalizatfion.
The equaligzation is achieved when the pressure assumes a' stationary value. The pump cycle is then
repeated ifp the same way.

Using this method for pumps with high back-streaming from the exhaust to the inlet side can incr¢ase
the volumg flow rate of these pumps for light gases by a purge gas effect. During the waiting timqg for
thermal equalization, the pump reaches the baSepressure with a residual gas composition similar tg air
at the exhjast of the pump. At the beginnirg of the new pump interval, this residual gas accelerates|the
pumping of a light gas like hydrogen. Consequently, the pump-down method cannot be recommenjded
in such cass.

All measuifing devices shall be calibrated either:
a) inatrgceable way to a yvacuum primary or to a national standard; or

b) by mefns of instruments of absolute measure which are traceable to the SI units and to which
measurement unéertainties can be attributed.

In the cade of Calibrated measuring instruments, there should exist a calibration certificat¢ in
accordanc¢ with{1SO/IEC 17025(3],

5.3.2 Test dome for the pump-down method

For the measurement of the volume flow rate with the pump-down method, a test dome with a volume
not smaller than the expected volume flow rate multiplied by 120 s shall be used. The dimensions of the
dome in the three directions in space shall not differ by more than a factor of 10. All internal surfaces
of the test dome and the connection line to the pump shall be clean and dry. The test dome shall have
one suction port with a nominal diameter greater than or equal to the inlet flange of the test pump,
additional ports for a gas inlet valve and one or more ports for vacuum gauges. The ports for the vacuum
gauges shall not be close to the pumping port (see Figure 6).
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1
e

Key

1 |[testdome

2 |gasinletvalve

3 |test pump

4 |vacuum gauge to measure P o P o Py,
5 [quick-acting valve

V  |volume of test dome

Vi |volume of connection pipe between test pump afid quick-acting valve

Figure 6 — Arrangement for measuning volume flow rate (pumping speed) with pump-down
method

5.3]3 Quick-acting valve

The quick-acting valve shotilld have an opening or closing time of <0,5 s. The measuremeft interval,
Aty ] shall be large comipared to this time (i.e. At; > 8 s) in order to minimize its contribution to the
megsurement uncerfainty of the pumping speed. For an exact measurement of At;, the actyal opening
timp of the quick=dcting valve shall be measured with sufficient accuracy and included in the ¢alculation.
Thif opening time may deviate from the valve drive time depending on the type of valve.

Becpuse the.conductance of the valve reduces the measured volume flow rate of the tegt pump, a
strdight valve with a high cross-section should be chosen.

5.3.4  Experimental setup

The cleanness of the vacuum pump, seals and other components shall be appropriate for the expected
base pressure. All components are mounted together under clean conditions in accordance with
Figure 6. The vacuum pump shall be connected via the quick-acting valve to the test dome using a
short connection pipe with sufficient cross-section (see 5.3.7). The valve shall be mounted closely to
the pump inlet flange in order to minimize the volume, V,, of that part of the connection line. The pipe
between the valve and the test dome can be expanded to a large cross-section. The nominal diameter of
the connecting elements should be greater than or equal to the inlet port of the pump. The volume, V,, of
the connection pipe between the quick-acting valve and the entry of the pumping system of the vacuum
pump shall be smaller than 1 % of the volume, V, of the test vacuum vessel, i.e. V; < 0,01V.
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The pressure measurement shall be performed with an absolute pressure vacuum gauge. The
connection pipe from the test dome to the vacuum gauge shall not exceed a length of 1 m. The nominal
diameter of the pipe shall be larger than 16 mm.

5.3.5 Det

ermination of the volume flow rate

The volume flow rate, gy, of the vacuum pump during the pump interval, At;, between pressures 2

and P, (assuming isothermal expansion) is given by Formula (9):

%

by,

qy :Xl
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Fornpula (10) corrects the pressure drop of 2 caused by this expansion:
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ainty of the volume, V, of the test dome should be <0,5 %. To determine the pressures
well as Aty, the quick-acting valve (Figure 6, label 5) between the vacuum puinp and the
ened for a fixed time interval, At;.

re difference, Apzpt1 P, shall be chosen such that Ap/pt1 <0,1.

) is only valid for isothermal gas expansion. After closing the quick-acting valve, the presg
fied by the cooling effect of the nearly isentropic gas expansion“during pumping. Theref]

e measured after a waiting-time interval, At,, for temperature equalization.

d of calculating the volume flow rate by Formula (9) cehtains two systematic sources of e
be corrected.

Figure 6). This volume is inevitably evacuatéd (almost) to the base pressure of the pump,

val, the evacuated volume, V,, causes anabrupt rapid expansion of volume of the gas, V, in
nto the volume V;, and thus reduces;the actual start pressure, P, - at the pump interva

P, V+Pp1V;
V+V,
l source of error\is’a possible leakage and gas desorption of the test dome, causing

bas load duringthe waiting time for thermal equalization. To determine the influence of
pressure rise, Pr, ~Pr, in a third time interval, At;, following the thermal equalization s

d at a pressure <100 Pa. In this case, the influence of the leak and desorption rate on
v rate_can be corrected by replacing P, in Formula (9) by the virtual pressure, Pryw -
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Key
X time
Y inlet pressure
A A pressures in test dome for pump-down method, measured before and after time interval$ At;, At,, At;

Figure 7 — Pressure versus time curve of pumpingleycle
for a volume flow rate measurement by the pump-down method

Figlire 7 shows a pressure-versus-time curve of a pumping cycle fox a volume flow rate measurement.
At the beginning of the pump cycle (1), the initial pressure, (% drops quickly to Pr,w by dpening the

quitk-acting valve. The pressure is then lowered to 0,9pt1 (2) by pumping during the time ir:[erval, Atl.

After closing the quick-acting valve, the pressure risesyduring the time interval, At2, by thermal
equialization to the value P, (3). With the pressure rise from P, to P, (4), the influence|of the leak

and desorption rate on the volume flow rate measurement can be corrected, extrapolating the slope of
thelcurve in the time interval, At3, back to the time point (2). The corrected pressure, Pryw ils therefore

obthined by Formula (11).

(pt3 ~P, )(Atl +At;)

Pr.w =Pe, — (11)
A At
Ins¢rting Formula (10) and (11) into Formula (9) gives the corrected volume flow rate.
qV :A—lln; (12)
tl ptzw

5.3]/6 Measuring procedure

Theg vacuum gauge and the vacuum pump at the test dome shall be operated with the quick-acting valve
open until the pump reaches the base pressure and at least until the vacuum pump has reaclled a stable
operational temperature. The vacuum pump shall exhaust against atmospheric pressure. The ambient
temperature shall be kept constant within +1,5 °C at a temperature between 18 °C and 25 °C.

With the gas inlet valve closed, the test dome is evacuated. When no further decrease in pressure is
observed, record the base pressure, p,;. The quick-acting valve is then closed, and the test dome vented
to atmospheric pressure with the test gas. Pumps with base pressures below the partial vapour
pressure of water at ambient room temperature shall be measured with dry air, nitrogen or other test
gases. After the gas inlet valve is closed, the pressure reading, P, is allowed to stabilize until it reaches

a constantvalue (typically after 30 s to 120 s). Then the quick-acting valve is opened and, simultaneously,
the time measurement for At; is started. When the relative pressure difference (pt1 Py, )/pt1

approaches 0,1, the quick-acting valve is closed and the time measurement for At; is stopped. The
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pressure p, is recorded after the reading has stabilized at a constant value after the time interval At,
(typically: 30 s < At, <120 s).

At pressures <100 Pa, the influence of the leak rate and desorption rate should be measured by
recording a third pressure, P, - after a further time interval, At;, with the quick-acting valve closed.

Repetition of the intermittent pump procedure results in measurement of volume flow rate values
over the complete pressure range down to the base pressure of the pump. The measurements can be
performed with air or other gases. The gas type shall be specified.

5.3.7 Li:rits of applicability

Leak and desorption rates shall not influence the pressure too much. The second term in Formula [11)
shall not exceed 1 % of P, -

In the molecular flow regime, the conductance of the connection line between pumjpyand test dpme
reduces the measured volume flow rate. To estimate this influence, the conductance-of’connection fipe,
C, shall be galculated by means of Formula (13):

. 14+4(1/d)
16 [ 14+18(1/d)+3(1/d)?

13)

¢ isthe mean thermal velocity of the gas;
d isthe diameter of orifice;

[ isthe length of the connection pipe.
See Reference [7] pp.135-136.

The method can be used in the molecular flowregime if C > 20qy. For C < 20qy, the method can only be
used for priessures at which the mean free path /<0,1a, where a is the inner diameter of the connection
pipe. For values of I, see Annex A.

5.3.8 Evaluation of the measurement

The volumg flow rate is calculated using Formula (10), (11) and (12) and assigned to the mean Val;‘ﬁ of
the measufed pressures Py and P, - For a graphical presentation, a fitted curve can be drawn through

the measufement points as long as it does not deviate from the measured pumping speed value$ by
more than[5 %. TheXitted curve is the pumping speed curve of the vacuum pump.

5.3.9 Mgasurement uncertainty

The total uncertainty of the volume flow rate measurement shall be smaller than 10 %. If there is
evidence that, without correction from Py, to Priw and from P, to Pryw the resulting measurement

error of g, is smaller than 10 %, then it can be assumed that Prw =Py, and Pr,w =P, - For the exact

calculation, see Annex B.
5.4 Measurement of the base pressure

5.4.1 Operating conditions

The operating conditions of the vacuum pump are those given by the manufacturer (rotational
frequency, lubrication fluid, cooling, etc.). The ambient temperature shall be between 18 °C and
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25 °C during the whole test procedure. During the measuring time, the apparatus shall be at a stable
temperature to within +1,5 °C.

All measuring devices shall be calibrated either:

a)

in a traceable way to a vacuum primary or to a national standard, or

b) by means of instruments of absolute measure which are traceable to the SI units and to which

measurement uncertainties can be attributed.

In the case of calibrated measuring instruments, there should exist a calibration certificate in
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2 Test procedure for pumps with a base pressure >10-4 Pa
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pressure, p;, measured 1 h after the pump and theltest dome have reached their ¢
rating temperature, is the base pressure, py,;.

3 Test procedure for pumps with a base pressure <10-4 Pa

en mounting the test dome (see Figure 2); the conditions usually required for UHV
1 be met.

t the test dome, 1 h after starting:the pump, to a maximum temperature of 150 °C tc
vacuum pump is fitted with a\bake-out device, it shall be baked following the man
ructions. The temperature of the upper part of the vacuum pump shall be monitored
hin the limits of the pump-specification. The bake-out of the vacuum pump and the test
erminated simultaneously when a pressure of 100 times the expected base pressure is r
ne latest after 48 h oftbaking. The bake-out procedure shall be specified in the test report
pes shall be degasSed in accordance with the manufacturer's recommendations during]
of the bake-out-process, at the latest 2 h before the beginning of the measurement.
ssure, p3, of thewacuum pump shall be recorded at the same time.

pressur€,py, in the test dome measured 48 h after the end of the bake-out, is the base pr
e vactim pump. At this time, the slope of the function of pressure against time shall not

4-_) Evaluation of the measurement
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The test report shall include the heating procedure (time and temperature) and the base pressure,
which are needed for the compression ratio and volume flow rate calculation.

5.5

Measurement of the compression ratio and the critical backing pressure

All measuring devices shall be calibrated either:

a)

in a traceable way to a vacuum primary or to a national standard; or

b) by means of instruments of absolute measure which are traceable to the SI units and to which

©IS

measurement uncertainties can be attributed.
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In the case of calibrated measuring instruments, there should exist a calibration certificate in
accordance with ISO/IEC 17025(3],

5.5.1 Experimental setup

The experimental setup for the compression ratio measurement is shown in Figure 8.

The surfaces of the test dome and the used seals and flanges shall be appropriate for the expected base
pressure. At pressures <10~4 Pa, bakeable knife-edge flanges shall be used.

It is recommended that a set of different pressure gauges be used to measure the whole range of

pressure. H

If several ipnization gauges are used, a straight connection between their ion sources shall be,avoid
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pump and the conductance valve is recommended. A pressure gauge (Figure 8, labe
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blaced upstream from the gas admission valve (Figure 8, label 4):-”An adjustable valve
bas flow to the backing pump should be installed to save test gas. The test gases used s
ty of 99,999 % by mass.
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1 |testdome 6  vacuum gauge to measure p;

2 | backing pump 7 vacuum)gauge to measure p;

3 | test pump 8  vacuum gauge or mass spectrometer
4 | gasinlet valve 9 -.eonductance valve

5 | gasinlet valve 10, heating jacket (optional)

Higure 8 — Arrangement for compression ratio and critical backing pressure measyrement

5.5]3 Measurement procedure

For|each test gas, first(wait until the base pressure, p,;, prevails in the test dome (se¢ 5.4). The
corfesponding backing)pressure, p, 3, shall be small compared to the pressure rise fgr the first
megsuring point caused by the gas inlet. The ambient temperature shall be constant within 1,5 °C
durjng the measuring process.

Opgn the ga$Siinlet valve (4) progressively, such that the pressure, p;, increases gradually. [The values
of the backihg pressure, p;, and the inlet pressure, p;, shall be recorded simultaneously [when they
are|stablé€ within +5 % over 1 min. Measurements shall be recorded at three points per defade of the
backing pressure.

Continue with the procedure until p; reaches the critical backing pressure, p.. The conditions for the
critical backing pressure are defined either by the manufacturer of the test pump or by the specific
standard for the test pump type.

Depending on the type, compression ratio measurements may be made with throughput “0” or specified
throughputs of the test pump if this is provided for in the pump instruction manual or in its specific
standard.

NOTE Compression ratio measurements can be made with different gases. When the gas is changed, all
pipes connected to the gas inlet valve are purged with the new gas before the beginning of the measurement.
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5.54 Measurement uncertainty

The measurement uncertainty of the compression ratio can only be estimated for values p; >> p; and
p3 >> py3. It should be +20 % or less.

5.5.5 Evaluation of the measurements

Plot the inlet pressure, p; - py,;, against p; — py3, both on logarithmic scales. Then plot the compression
ratio, K, against p; - py3, also on logarithmic scales. Curves for different test gases shall be clearly
indicated on each diagram.
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