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Foreword

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

This document specifies methods for measuring the performance data of cryogenic vacuum pumps.
This document complements ISO 21360-1, which provides a general description of the measurement
of performance data of vacuum pumps. This document takes precedence in the event of a conflict with
ISO 21360-1.
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INTERNATIONAL STANDARD ISO 21360-6:2023(E)

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

Part 6:
Cryogenic vacuum pumps

1 (Scope

Thif document specifies methods for measuring the volume flow rate, maximum-throughput, pumping
cappcity, base pressure cryogenic vacuum pump, cooldown time and crossover value of cryogenic
vacjium pumps.

It i$ applicable to two-stage, closed-loop gaseous helium cryogenic ¥acuum pumps, whjch can be
dirgctly flanged to a vacuum chamber.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated*teferences, only the edition cited gpplies. For
undated references, the latest edition of the reference@document (including any amendmengs) applies.

1S0|21360-1:2020, Vacuum technology — Standard:methods for measuring vacuum-pump perfprmance —
Part 1: General description

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 21360-1 and th¢ following
applly.

[SOJand IEC maintain terminology databases for use in standardization at the following addfesses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

3.1
base pressure cryogenic vacuum pump

Pv
pregsure obtained in the test dome within 24 h of completing cooldown

Note 1 to entry: It is possible that the base pressure is not the lowest pressure obtainable with the cryogenic
vacuum pump. The base pressure represents the lowest pressure that can be obtained after reasonable
conditioning of the cryogenic vacuum pump and the test dome without any test gas (see 5.5).

Note 2 to entry: For many practical applications (e.g. only cooldown time is tested, see 5.6), base pressure also
can be obtained in the cryogenic vacuum pump with a blank-off flange at the entrance.

©1S0 2023 - All rights reserved 1
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3.2

cooldown time
time elapsed between starting the cryogenic vacuum pump at room temperature (293 K =+ 3 K) at a
starting pressure as indicated by the manufacturer and the point at which the temperature of the
second stage (3.6) reaches 20 K

Note 1 to entry: The roughing valve should only be closed when the action of closing does not cause the pressure

in the cryogenic vacuum pump to rise to a value above the starting pressure.

3.3

crossover value

qCV
maximum

temperatu

34
pumping
qu

quantity o

50 % of th

¢apacity

¢ initial value measured

amount of nitrogen gas which can be admitted into the pump over a short time with
e of the second stage (3.6) remaining <20 K during the test gas flow

gas, which has been pumped up to the moment when the volume flow rate has reduce

Note 1 to enftry: After having pumped this amount of gas, the pump still can reduee the pressure in the test d

downtoav

3.5

maximum| throughput

Qmax
maximum

3.6

second st3ge

hlue of p <10-3 Pa in less than 10 min to ensure that a certain pumping performance is still availa

Huantity of condensable gas flow, which a cryogenic vacuum pump can pump

erature side cooling station with the(cold panels of a closed-loop, two-stage gaseous hel

Unit

Pa‘l:s1(or Pa:m3-s1)
Pa-l:s'}(or Pa:m3-s1)
Pa-l(or Pa-m3)

Pa-l(or Pa-m3)

the

1 to

bme
ble.

jum

lower temy

cold head

4 Symbols

Symbol Designation

Q gas throughput of.€ryogenic vacuum pump
Omax maximum throughput

Aoy ¢rossovervalue

Tpc Irumping capacity

Pq» Pe pressures in the test dome for the orifice method
Py base pressure cryogenic vacuum pump

Py vacuum pressure on inlet

P starting pressure

D inner diameter of test dome

Dy nominal diameter of test dome

Thax maximum temperature of the second stage
2

Pa
Pa
Pa

Pa
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Test methods

Test gas

All measurements in this document should be performed with at least 99,9 % (by mass) pure test gas.
The test gas should be nitrogen (alternatively dry air), argon and hydrogen.

5.2

5.2

Measurement of the volume flow rate (pumping speed)

1

The

Pre

hydrogen).

Wh

min

If s¢

the
Ifd

admitted, the cryogenic vacuum pump should be regenerated.

Thd
(sed

of t

cola

ind

and

5.2

A guantity of the test gas given by o« -q, is admitted into the cryogenic vacuum pump

pre

pro
wit

The

the

sati|

5.2

measurement of volume flow rate is specified in ISO 21360-1.

freatment (see 5.2.2) is recommended before measuring the pumping speed of.the test

bn the pressure remains stable within 3 % (for hydrogen +5 % is acCeptable) for th
ute, the average value per minute can be regarded as valid p, .

bveral test gases are used, without regenerating the pump completely, the gases should
following order: hydrogen, nitrogen (alternatively dry air), argomn:

iring measurement more than 30 % of the pumping capacity as indicated by the many

5.7.2, Figure 2). When using the test dome described in ISO 21360-1:2020, Figure 3, the ca
he test pump shall not protrude into the test dome. Specifically, for cryogenic vacuum p

surfaces extending beyond the pump inlet’flange used in some applications (e.g. sem
istry), flanges or pipe adapters should be-used to facilitate the connection between the
the test dome to prevent the cold surfaces from protruding into the test dome.

2 Pretreatment procedure

freatment. Where, g, (is-the nominal volume flow rate of the pump and o (o =1

portionality factor determining the quantity of gas to be admitted into. The inlet pressur
hin the measuring pressure range and the operational time should not exceed 60 min.

measured préssure range in which the volume flow rate shall be measured, or if the press

sfies % <30p; (Pa-h1), the measurement of volume flow rate can be started.

3C-, Volume flow rate (pumping speed) measurement by the throughput method

bas (except

e following

be used in

facturer is

test pump should be directly flanged to the test dome (see 5.7.2, Figure 1) or the quick-acting valve

Id surfaces
umps with
iconductor
test pump

during the
Pa's) is a
e should be

pressure shall be measured by the ion gauge, when the pressure change is at least one order below

ure change

The throughput method is one of the most widely used methods for vacuum pumps. It is applicable
to all pressure ranges and pump sizes where flow meters for gas throughput measurements are
available with sufficient accuracy. The type of test dome shall be in accordance with ISO 21360-1:2020,
Figure 1. The complete volume flow rate shall be measured by the throughput method specified in

ISO

5.2.

21360-1:2020, 5.1.

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

This method is recommended for low gas throughputs where no suitable gas flow meters are available.
The complete volume flow rate shall be measured by the orifice method specified in ISO 21360-1:2020,
5.2.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=cf3acae20ccb74dbab238f3c1a2c33d1

IS0 21360-6:2023(E)

5.2.5 Measurement of water vapour volume flow rate (pumping speed)

Due to the difficulties of obtaining stable water vapour flow and measuring the pressure of the water

vapour, the value of water vapour volume flow rate should normally be calculated by Formula (A.1).

5.3 Maximum throughput measurement

5.3.1 General

The maximum throughput is the maximum quantlty of gas (Pa 1 -s1or Pa m3-s

dome thro
a given te
and is set

throughpu
The measu
Therefore,

5.3.2 Mae
The maxinj

temperatu
maximum

5.3.3 Mg

For this m

HOT
perature of the second stage. The max1mum temperature, nax: depends on the gas speé
ht 20 K for condensable gases (Ar, N,, O, etc.). Therefore, the maximum throughput is
F which causes the temperature of the second stage to rise to and remain stable gt T, | =2
rement of the maximum throughput is to verify the parameters given by the-manufacty
the measurement process is non-destructive and should not be used to obtaifvthe limit v

asurement method

um throughput shall be measured using the throughput method.spécified in 5.2.3. When
e of the second stage reaches 20 K and should remain stablge, the measured flow rate is
throughput of the test gas. The recommended test gas is apgon.

asurement setup

by the throughput method specified in ISO 21360-1:2020,°5.1.2 to 5.1.3. The test dome shall be c}

and dry. In
measure tg

5.3.4 Mg

Measuring
measurem
Connect th

addition, the temperature of the second stage shall be measured with a sensor which
an accuracy of +0,5 K at 20 K.

asuring procedure

procedure of the maximum threughput shall be the same as that of the volume flow

e pump to the test domé, which can establish a constant gas flow and of measuring

pressure,

The test s

1,in the test dome.

1), flowmg from the test
tatping

Cies
the
0 K.
rer.
lue.

the
the

pasurement, the test dome shall be the same as.that for the volume flow rate measurenpent

can
can

rate

ent by the throughput method after complete regeneration but without pretreatmlent.

the

uld be started at.Jeast 3 h after the cryogenic vacuum pump completing cooldown. The

test

gas is admijitted into the test)dome by the flow meter and the gas inlet valve or mass flow controlllers

until the td
flow rate, 4
second sta
and flow r
to each re

measurem

mperature ofithe second stage reaches 20 K + 3 K and remains stable for 15 min. Record|the
nd the temperature. Change the flow, but only sufficiently to stabilize the temperature of the
be in the‘range of 17 K to 23 K. In such a manner, record at least six stabilized temperatyres
htes. The temperature of the first and the second stage shall equilibrate for 215 min pfior
hdifig' Of the six data points, at least two points of the temperature of the second stage
b1ts shall be taken above 20 K, and at least two points of the temperature of the second sfage

measurements shall be taken below 20 K. With a minimum of six data points, least squares curve fit a
linear relation between throughput and the maximum temperature of the second stage. The maximum
throughput is the throughput value at 20 K.

5.4 Pumping capacity measurement

54.1 Ge

neral

Argon and hydrogen are recommended to represent condensable and adsorbable gases, respectively.

© IS0 2023 - All rights rese
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2 Measurement setup

For this measurement, the test dome shall be the same as that for the volume flow rate measurement by
the throughput method specified in ISO 21360-1:2020, 5.1.2 to 5.1.3. The test dome shall be clean and

dry.

5.4.

3 Measuring procedure

A constant throughput of test gas, smaller than the maximum throughput, shall be admitted
continuously. Check the throughput and inlet pressure regularly.

In ¢

sur
Als

pun
gas

In d
pre

sha
pun
test

The
a)
b)

‘)

The
be 5

5.5

Thd
HoV
the

5.6

5.6

ase of argon, the gas flow should be admitted into and interrupted by the recovery meth

e that the pressure in the test dome still can be reduced to less than 1x1073 Pa im0 1
, the inlet pressure shall be less than twice of the initial pressure p;. If this_is mot p

1ping capacity has been exceeded and the test should be stopped. The cumulative’amoun
pumped for each successive measurement shall be calculated.

ase of hydrogen, the gas flow should be admitted into the test dome’ ¢ontinuously unf
ssure of the test dome increases to twice of the initial pressure pq. f the pressure in thg

I reduce to less than 1x107> Pa in 10 min or less, calculate the. cumulative amount of {
\ped during the test period. If this is not possible, the pumping.capacity has been exceed
should be stopped and repeated.

procedure of the recovery method shall be as follows:

introduce some constant gas flow for a certain period;

period;
repeat a) and b).

test conditions (gas type, flow rate,introduction period, stopping period, and threshold
pecified in the test report.

Measurement of base pressure cryogenic vacuum pump

complete measuremeént of base pressure shall be in accordance with ISO 21360-1
vever, the pressureShall be measured within 24 h from completing cooldown. This preq
ultimate pressure

Measurement of cooldown time

1 AGeneral

bd to make

nin or less.
bssible, the

F of the test

il the inlet
test dome

he test gas
ed and the

stop introducing, and confirm that the pressure decreases below the criteria within a certain

Falue) shall

:2020, 5.4.
sure is not

Th

TOOTdowWTT tinme s defimed a5 tirat tine etapsed betweenr starting the cryogeric vacuu

n pump at

room temperature at a starting pressure as indicated by the manufacturer and the point at which the
temperature of the second stage reaches 20 K. If the cryogenic vacuum pump cannot start at room
temperature, report the starting temperature.

NOTE

©IS

Cooldown time can be affected by ambient humidity.

02023 - All rights reserved
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5.6.2 Measurement setup

To determine the cooldown time, the test dome according to the setup of volume flow rate measurement
by the throughput method shall be fitted to the pump.

NOTE

For the cooldown time measurement, a blank-off flange can be used optionally. The test is conducted

using a blank-off flange at the entrance of the cryogenic vacuum pump. The blank-off flange is constructed of
polished stainless steel. The test method is reported.

5.6.3 Measuring procedure

Before the
vacuum re
valve and 9
temperatu

Fest, the cryogenic vacuum pump shall be regenerated with a roughing pump to meet the
uirement of the cryogenic vacuum pump indicated by the manufacturer. Close the roug
tart the cryogenic vacuum pump (the refrigerator shall be turned on). Record the time of
e of the second stage from room temperature to 20 K.

5.7 Measurement of crossover value

5.7.1 Ge|

The nitrog|
vacuum pu
the temper
Crossover \

NOTE ]
destructive
the transit d

5.7.2 Mg

The measy
Figure 1.1
of the test
chamber a
admit 98 9

Alternativg
in Figure 2
the test do
cryogenic
test dome Y

neral

en gas equivalent to the estimated the crossover value shall be-admitted into the cryog
mp via the test dome by quick-acting valve. The test gas should be pumped within 3
ature of the second stage maintains <20 K, the amount of\gas that has been admitted is
ralue.

'his test method is intended to verify the data given, by the manufacturer, therefore it is nl
test, and the measuring procedure is not normally used to determine the limit parameter valug
apacity. It is normally tested with nitrogen.

asurement setup

rement setup is shown in Figure Iy-using the test dome shown as in 1SO 21360-1:2
 order to avoid the temperature‘change of the test gas during expansion, the volume r
dome to the charging chamber shall not be less than 10:1. The valve between the charg
nd the test dome shall have.enough flow conductivity and be fully opened quickly enoug
gas load into the test domeé within 3 s.

. In this case, a quieR-acting valve shall be used to isolate the cryogenic vacuum pump f
me. The gas load-is injected into the pump by opening the valve isolating the dome from
racuum pumps The valve shall be fully opened quickly enough to lead 98 % gas load into
vithin 3 s.

Temperature medsuring system which have less than 0,1 s response time is recommended for detec

temperatu

e variation sensitively.

)t)lng

re-

the

bnic
S, If
the

ot a
s of

20,
htio
Ping
h to

ly, the dome itself may be used as the charging chamber. The measurement setup is sh¢wn

fom
the
the

[ing

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=cf3acae20ccb74dbab238f3c1a2c33d1

10

IS0 21360-6:2023(E)

Key

vacuum gauge

cryogenic vacuum pump
roughing valve

roughing pump

cold trap (optional)
vacuum valve

charging chamber

O 0 N O U1 H» W N -

quick-acting valve

[EnN
(=)

vacuum gauge

[uny
=

charging valve

1 9
S .
- ‘ L
£ X
I=
° 3

throughput method test dome

Figure 1 — Crossover measurement setup
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Key

vacuunj gauge

throug:lput method test dome
cryogenic vacuum pump
roughing valve

roughing pump

cold trgp (optional)
quick-acting valve

charging valve

O 0 N O U1 B W N -

vacuunj valve (optional)

Figune 2 — Crossover measurement-setup (the dome is used as the charging chamber)

5.7.3 Magasuring procedure

The cryoggnic vacuum pump ardthe test dome shall be in equilibrium state. Fill the charging chanjber
V, with nifrogen up to a suitable pressure p, (the ratio of the estimated crossover to the volume W}, of

the charging chamber). The nitrogen temperature in the charging chamber should be kept in equilibrjum
with the ambient tempgrature for = 5 min, record the chamber pressure and the temperature of|the
second stage. Open,thé-quick-acting valve and then monitor the temperature of the second stage pnd
the pressufe in the test dome. This test can be regarded as valid if the maximum temperature of|the
second stage T, S3< 20 K during the test. If the temperature of the second stage is higher than 20 K| the

= max —
crossover [value should be reduced. Repeat the measurements 3 times. Record the gas quantity

q — V whan tha tamnaratura oftho caocand ctagaictha highact Thicvalua chall ho rogqrdad adl the
ov = D, V, whenthe-temperature-ofthesecond-stageis Hs-vald a

TS TSt e o e e gTTareer

crossover value.

The tests shall be conducted on a completely regenerated cryogenic vacuum pump. The cryogenic
vacuum pump should not regenerate each time between the three measurements.

6 Testreport

6.1 Content

The test report shall contain the following general data on the general information (see 6.2), the pump
parameters (see 6.3), the test equipment and conditions (see 6.4), the operational parameters (see 6.5)
and the pump performance (see 6.6).

8 © IS0 2023 - All rights reserved
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6.2 Report on general information

The test report shall contain the following general information:

a) the data of the test and the place at which the test was conducted;

b) statement that the data in this document were obtained according to ISO 21360-6:2023;

c) the method used for the test of the volume flow rate, maximum throughput, pumping capacity, base
pressure cryogenic vacuum pump, cooldown time and crossover value of cryogenic vacuum pump;

d) tha nnl‘nrfainf}r r\f thn tnct dntnrminod ln at‘rnrdanrn "A'rith IQn leﬁn 1:2(\2(\_

6.3 Report on pump parameters

The test report shall contain the following general information about the tested pump:
a) |the type and the article/serial number of the cryogenic vacuum pump;

b) [the flange type and size of the cryogenic vacuum pump;

c) |the type and the article/serial number of the cold head and helium compressor.

6.4/ Report on test equipment and conditions
Thetestreport shall contain the following general information about the test equipment and fonditions:
a) [the type and operational conditions of vacuum gauges used;

b) [the type of seals used upstream from the inletflange of the test pump;
c) |D (inner diameter of the test dome) and-flange type;

d) |ambient temperature, humidity, and-atmosphere pressure;

e) |type, operational conditions, the/article/serial number, and calibration traceability of flow meter,
temperature sensor, and vaduum gauge used.

6.5 Report on operational parameters

All measurement reports shall contain the following items:
a) [theinlet pressure of test pump p;

b) [test gas&pecies;

c) [starting pressure p,.

6.6 Report on pump performance
All measurement reports shall contain the following items, if applicable:
a) volume flow rate (test gas: nitrogen, argon, hydrogen);

NOTE The logarithmic coordinates of the pressure p; and the volume flow rate q, can be plotted
according to Figure 3 (optional);

b) maximum throughput (test gas: argon);
€) pumping capacity (test gas: argon, hydrogen);

d) base pressure cryogenic vacuum pump;

©1S0 2023 - All rights reserved 9
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e) cooldown time;

f) crossover value (test gas: nitrogen).

Y
15000 g,
10000 - /
o UUU ™

ol 4

Key
X  inlet pressure, Pa
Y  volumeflow rate, 1-s-1

Figure B3 — Volume flow rate (pumping speed) vs inlet pressure/curve of cryogenic vacuum
pump
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