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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.

The proce@lures 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 neededfof
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 specifies methods for measuring the performance data of turbomolecular vacuum
pumps. This document complements ISO 21360-1, which provides a general description of the
measurement of performance data of vacuum pumps.

The methods described here are well known from existing national and international standards.
The aim in drafting this document was to collect together suitable methods for the measurement of
performance data of turbomolecular vacuum pumps. This document takes precedence in the event of a
conflict with ISO 21360-1.

© ISO 2018 - All rights reserved v
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Vacuum technology — Standard methods for measuring
vacuum-pump performance —

Part 4:
Turbomolecular vacuum pumps
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Scope

5 document, in conjunction with ISO 21360-1, specifies methods for the" measy
formance characteristics of turbomolecular vacuum pumps. It is applicable §orall sizes af
irbomolecular vacuum pumps, including those

with mechanical or magnetic bearings;
with or without an additional drag stage(s) or other pumping stages on the shaft;
with one or more inlet ports.

e turbomolecular vacuum pumps are backed by primary pumps, their performance
pletely defined by the volume flow rate curve. Alsogthe driving device and the backing
turbomolecular vacuum pump is important to the performance.

following completes the performance charactéristics:
information about throughputs and backing pressure of the turbomolecular vacuum pu

the compression ratio curve (compression ratio vs backing pressure of turbomolecular vact

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 4
ated references, thelatest edition of the referenced document (including any amendmen

21360-1:2012 Vacuum technology — Standard methods for measuring vacuum-pump perf
E 1: General description

Terms and definitions

rement of
d all types

cannot be
bressure of

np;

Jum pump).

Pir content
pplies. For
[s) applies.

brmance —

the’purposes of this document, the terms and definitions given in ISO 21360-1 and the follo

ving apply.

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

©IS

[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

critical backing pressure

Pc

maximum backing pressure p3 on the outlet that the vacuum pump and the driving device can withstand
for continuous operation without being damaged or overloaded while the pump still has a compression

ratio p3/p1

> 10 and the purge gas flow is off

Note 1 to entry: pj is the (high) vacuum pressure on inlet. The rotational speed of the turbomolecular vacuum
pump can be reduced at this working point. The value of p. depends on the rotational speed and the type of gas,
therefore both shall be named together with the value of pc.

Note 2 to ejf

the use of h
purge gas fl

3.2

maximum

Qmax

highest gas

Note 1 to er
centimetreg

Note 2 to e

try: Measurement with purge gas leads to different results (during pumping light gases at the
bavy purge gas will influence the performance regarding critical backing pressure pc). Therefote
bw has to be zero.

throughput

load that can be pumped continuously without damage or destruction’ of the pump

try: Given in pascal litres per second (Pa l/s), millibar litres per second {mbar 1/s) or standard c
per minute (sccm).

ry: The limiting parameter depends on the design of the pump.dn most cases it will be given

t
maximum ‘%mperature at defined locations. The value of Qmax depends dn/ for example, the gas pumped

backing pu
or mbar 1/s
temperatur

3.3

volume flg

qv

qy =

where

V s

t is

EXAMPLE

which, undd

Note 1 toe
considered
location. Th

oo

p used, the rotational speed and the conditions of cooling: If the Qnax is stated in the units P
then the test dome temperature shall also be documented, because this value depends on the
b. This is not the case if the Qmax value is stated in the unit sccm.

w rate

he volume;

rfime.

r ideal conditions, flows from the test dome through the pump inlet.

tryxFar practical reasons, the volume flow rate of a given pump and for a given gas is convention]

In the context of the ISO 21360 series, the volume flow rate is the volume of gas per unit {i

nlet
the

ubic

as a
the
h 1/s
gas

(0

ally
ven

a’be'equal to the quotient of the throughput of this gas and of the equilibrium pressure ata g

Note 2 to entry: The term “pumping speed” and symbol “S” are often used instead of “volume flow rate”.

[SOURCE: I
3.4

SO 21360-1:2012, 3.1]

ultimate pressure
value towards which the pressure in the test dome approaches asymptotically

Note 1 to entry: This ultimate pressure is always lower than the base pressure ppj.

Note 2 to entry: It is the lowest pressure obtainable with the pump.

© ISO 2018 - All rights rese
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Note 3 to entry: It is recommended that ultimate pressure values are not given in the manufacturer's
specification. Therefore, no procedure to measure the ultimate pressure is given in this document. However, if
the manufacturer lists the ultimate pressure, the operating conditions and measurement time durations under
which the measurement is made should be stated.

3.5
bas

Pb1

e pressure turbomolecular pump

pressure obtained in the dome 48 h after the bake-out procedure

Note 1 to entry: That is the conditioning of the vacuum pump and the test system without any test gas (see 5.6).

3.6
effgctive compression ratio
Keff
ratip of the backing pressure p3 to the inlet pressure p; of the turbomolecular vacuitm pumg
p
Kep == (2)
P1
3.7
compression ratio
Ko
maximum compression ratio without gas load through the turbomolecular vacuum pump, wherein pp3 is
thebase pressure of the backing pump and pyp1 is the base pressure of the turbomolecular vaquum pump
pP3-p
Ko=—2—"0% (3)
P1=Pp1
4 (Symbols and abbreviated terms
Symbol Designation Unit
Kots compression ratio of vacuum pump —
Ko maximum compression ratio of vacuum pump at zero throughput —
Pbi base pressure turbomolecular pump Pa (or mbar)
Pb3 base pressure of backing pump Pa (or mbar)
p1 (high) vacuum pressure on inlet Pa (or mbar)
D3 vacuum pressure in backing line Pa (or mbar)
Dc critical backing pressure Pa (or mbar)
Q throughput of vacuum pump Pal/s (or mbar1/s)
or sccm
Qmax maximum throughput Pal/s (or mbar1/s)
or sccm

qv volume flow rate 1/s
qvo volume flow rate at Kegr= 1 1/s
© ISO 2018 - All rights reserved 3
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qvB

qvx

volume flow rate of backing pump 1/s
maximum expected volume flow rate 1/s
absolute temperature K

5 Test methods

5.1 Testgas

All measun
gas for, for

5.2 Volu

5.2.1 Ge

Volume fl

ements in this clause should be performed with at least 99,9 % (by mass) pure test gas:
example, nitrogen, hydrogen, helium and argon.

me flow rate measurement (pumping speed)

neral

bw rate measurement methods for turbomolecular vacuum_¢pumps are specified

ISO 2136041:2012, 5.1 and 5.2. If no other descriptions or experimental arrangements are shown, th
of ISO 21360-1 shall be used.

5.2.2 Size of backing pump

The effective volume flow rate, qy, of a turbomolecular vacuum*pump depends on the volume flow

qvo at zero|pressure difference (p1 = p3), the compression ratie’Kp at zero rate of throughput (Q = 0)

the volumd flow rate qyp of the backing pump according to Formula (4).

qy =4y

which may]

Ko—qv /qys
Ko-1

U

be solved to give Formula (5).

dvo

[est

in
ose

Fate
and

(4)

(5)

1lar
11if

(6)

qy =
1-1/Ko+qvo /(Ko -days)

NOTE Jee Annex A for the derivation of Formulae (4) and (5).
For small yalues of Ky (e.gZfor hydrogen, Ky * 1 000), the volume flow rate of the turbomolec
vacuum pump is influenced by the size of the backing pump. This influence may be regarded as sm4
a backing pump is uséd-with a volume flow rate qyg deduced from Formula (6).

VX H,05-K; or qyg >20-| T

qvs Ky

for the whole pressure range, where qyx is the expected maximum volume flow rate of the
turbomolecular vacuum pump.

From Formula (6), the choice of a suitable backing pump may be made for a gas with known value of Ky
from the specification of the turbomolecular vacuum pump.

Check that

5.2.3 Vo

the backing pump still has this calculated pumping speed at the working point of Qpax.

lume flow rate (pumping speed) measurement by the throughput method

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

accuracy.

4

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=89fb8d011130468968fd064a58185e46

1SO 21360-4:2018(E)

The complete volume flow rate measurement by throughput method is specified in ISO 21360-1:2012, 5.1.

5.2.

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 measurement by orifice method is specified in ISO 21360-1:2012, 5.2.

5.3

5.3

Maximum throughput measurement

1 Measurement method

For
b3V
inl
par

at least two sizes of backing pump, measure the throughput Q as a function of the backi
Uhile the pump is operated under conditions as specified by the manufacturer. Thetest d

hmeter(s) (see 3.2, Note 2 to entry). When the maximum throughput Qmax is teached, all

valges shall become stable and shall not exceed the prescribed limit for a minitaum time of

the

backing pumps should preferably be smaller than the other, with a threughput as prop

manufacturer and the other pump about 5 to 10 times larger.

Thi
des

5.3

Con
the
pre
be {
valy
run|
ove

5.4

The
the

Thd
turl
bac

For
bac

5 procedure is intended to verify the data given by the pump“manufacturer and sd
[ructive. However, it shall not be used to find the limit.

2 Test procedure

nect the pump to the test dome, which is capable of establishing a constant gas flow and of]
inlet pressure p1. The backing line is equipped‘with a vacuum gauge to measure t
bsure p3. Increase the gas load on the high vacuuim side stepwise. The readings of the se
table before they are recorded. If one sensorreading passes the prescribed limit, close t
re and the test shall be regarded as havingfailed. With the maximum throughput Quax, th
for a minimum time of 4 h with all readings well within the limits, and the pump tempel
I time should not exceed 1 K/h.

Critical backing pressure measurement

complete critical backing pressure measurement method is specified in ISO 21360-1:20
definition of this critical Backing pressure is given in 3.1.

bomolecular vaceum pump. This means the gas inlet valve 5 stays closed. Therefore
king pressureyvalue is only valid to “zero”-throughput applications.

any otherapplications with nameable gas loads through the turbomolecular vacuum p
king pressures will limit the pump operation.

5.5

Measurement of compression ratio

g pressure
bme shown

b0 21360-1:2012, Figure 1 shall be used. Suitable sensors should be provided to iponitor ghe limiting

monitored
4 h. One of
psed by the

it is non-

measuring
he backing
nsors shall
e gas inlet
e test shall
ature drift

12, 5.5 and

critical backing.pressure measurement is defined without an effective gas flow through the

the critical

ump, other

The complete compression ratio measurement method and experimental setup is specified in

ISO

21360-1:2012, 5.5.

To reduce the amount of any other gas at the turbomolecular vacuum pump outlet, the use of another
turbo-pump or a diffusion pump as a backing pump is strongly recommended. This lowers the outlet
pressure p3 to < 10-2 Pa (10-4 mbar). The use of a cold trap is not recommended, due to misleading
effects to the results.

To obtain the compression ratio at zero flow rate, Ko, for a given gas, the partial pressure of this gas in

the

NOTE

outlet duct should be at least 90 % of p3.

It could be difficult to achieve this 90 % partial-pressure-condition at the outlet, espe

backing pumps are used, due to their low compression ratio for light gases.

© ISO 2018 - All rights reserved
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The compression ratio can be influenced by production tolerances and pump temperature during the
measurement. If partial pressure measurements are used, this should be stated. If extrapolation has
been used to determine theoretical maxima, this should also be stated.

5.6 Measurement of base pressure

The complete measurement of base pressure is specified in ISO 21360-1:2012, 5.4. This pressure is not
the ultimate pressure.

5.7 Vibration measurement

5.7.1 Ge|

The vibrat
axis, in the
under norty
be recorde

572 Te

The turbomolecular vacuum pump shall be freely mounted, in a vertical'and/or horizontal posif

following t
solid vibra
concrete b

WARNING

The inlet |
measurem
plane shall
of the pum

neral

on of the turbomolecular vacuum pump shall be measured in a direction radial to‘the m

nal conditions with no gas load. Both the vibration acceleration and vibration velocity s
d.

5t apparatus

he manufacturer's operating instructions, on a sheet of{rubber at least 4 mm thick ¢
fion-free base, in order to have a decoupling of the test pump to the base. The base may
ock of at least five times the mass of the pump but np léss than 100 kg.

— Provisions shall be made for the safety of personnel in the area.

lange of the pump shall be blanked off with a standard flange and seal. The vibra
bnt head(s) shall be mounted on the pump\int a plane at a right angle to the rotor axis. ]

p.

In preparing the pump with the test equiprient, the mass of the pump with its blanking flange shall

increase by

The pump
more than

5.7.3 Te

Before tak
load for at

 more than 3 %. No additional' masses shall be connected to the pump during the tests.
shall be connected to the'backing pump by a flexible hose at least 750 mm long and ben
90°.

5t procedure

ng a measurement, the pump shall be run under normal operating conditions without
east 30 min. While measurements are taken, the backing pump shall be switched off.

6 Test l[eport

htor

frequency range from 10 Hz to five times the normal rotational speed of the\pump, runiing

hall

—n

on
na
De a

Fion
[his

not be more than a tenth of the largest dimension of the pump, away from the centre of mpass

not

[t by

gas

The test report should contain the following measurements:

volume flow rate measurement (pumping speed, 3.3);
compression ratio measurement (3.7);

maximum throughput measurement (3.2);

critical backing pressure measurement (3.1);
base pressure measurement (3.5);

vibrational measurement (5.7).

© ISO 2018 - All rights reserved
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The test report shall contain the following general information about the tested pump:

6.1

the type and article/serial number of the turbomolecular pump;
the type and article/serial number of the driving device;

flange type and size, nominal rotational speed and maximum power consumption of the
turbomolecular pump;

ambient temperature.

Volume flow rate measurement
used method (throughput or orifice method):
— if orifice method is used: geometry of orifice;

— if orifice method is used: the value of the standard conductance and the formula used for the
calculation;

size of test dome;

rotational speed;

used backing pump or backing pressure;
used cooling method and data;
measured gas types;

amount of purge gas, if used;

diagram: pumping speed vs inlet pressuge.

Compression ratio measurement
rotational speed;
used backing pump;
used cooling methed-and data;
measured gastypes;

diagram: ¢empression ratio vs backing pressure.

Maximum throughput measurement

rafational speed;
used backing pump (dry/wet) or backing pressure;
used cooling method and data;

measured gas types;

amount of purge gas, if used;

value of maximum throughput.

6.4 (Critical backing pressure measurement

rotational speed;

© ISO 2018 - All rights reserved 7
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— used cooling method and data;
— measured gas types;

— value of critical backing pressure.

6.5 Base pressure measurement
— rotational speed;

— used cooling method and data;

— used bpcking pump or backing pressure;

— value o¢f base pressure.

6.6 Vibrnational measurement

— rotatignal speed;

— documentation of test apparatus;

— direction of vibration measurement;
— positidn of vibration measurement;

— diagram: vibration data vs frequency range.

8 © ISO 2018 - All rights reserved
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