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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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Vacuum technology — Turbomolecular pumps — Measurement
of performance characteristics
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nternational Standard specifies methods for the measurement of performance.-cha
nolecular pumps. It is applicable to all sizes and all types of turbomolecular pumps

ith mechanical or magnetic bearings, and

ith or without an additional drag stage.

having the following in addition to the curve of the volume flow rate against suction pressure:
e throughput curve,
e compression ratio curve, and
e curve for the variation in inlet pressure,

e whole of the range concerned and for various gases.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition ¢ited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO 3

3 T

For th

b29-2, Vacuum technology — Vocabulary — Part 2: Vacuum pumps and related terms

erms_and definitions

acteristics of

Since turbomolecular pumps are backed by primary pumps, thei’performance cannot be completely defined

ht. For dated
e referenced

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

31

critical backing pressure

Pc

maximum backing pressure p, while the pump still has a compression rate p,/p4 > 2 and the purge gas flow is

on

NOTE

p4 is the (high) vacuum pressure on inlet.
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3.2

maximum throughput

Qmax

highest gas load, in pascal litres per second (Pa:-l/s) [millibar litres per second (mbar-l/s)], that can be pumped
continuously without damage or destruction of the pump

NOTE

The limiting parameter depends on the design of the pump. In most cases it will be given as a maximum

temperature at a defined location. The value of Q... depends on the gas pumped, the backing pump used, and the
conditions of cooling, etc.

3.3
volume flow

dy
volume of gag

NOTE 1 Fo
taken as equa
adopted for the

NOTE2 Th

3.4

ultimate pregsure

value towards

NOTE 1 It is

NOTE2 Iti
procedure to m
ultimate pressu

3.5
minimum op

Po
pressure obt3

3.6
compressior
Keff
ratio of the b3

K,

off = P2

NOTE To

outlet duct shotild besatleast 90 % of p,.

rate

which, under ideal conditions, flows from the test dome through the pump inlet per unititime
practical reasons, however, the volume flow rate of a given pump and for a given gas-is .conventionally
to the quotient of the throughput of this gas and of the equilibrium pressure at a giyen ‘point. The units
volume flow rate are cubic metres per hour (m3/h) or litres per second (I/s).
e term “pumping speed” and symbol “S” are sometimes used instead of “volumeflow rate”.

which the pressure in the test dome approaches asymptotically

the lowest pressure obtainable with the pump.
5 recommended not to give ultimate pressure values inthe manufacturer's specification. Therefgre, no

re, the operating conditions under which the measurement is made should be stated.

brational pressure

ined in the dome 48 h after the bake-out procedure
ratio
cking pressure p, to-the inlet pressure p4 of the turbomolecular pump

P 1

obtain thecompression rate at zero flow rate, Ko, for a given gas, the partial pressure of this gas

3.7

maximum working pressure

P1max

easure the ultimate pressure is given in this International Standard. However, if the manufacturer lists the

in the

highest pressure on the inlet side that the turbomolecular pump and the driving device can withstand without
being damaged
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Symbol Designation Unit

C conductance m3/s (=103 I/s)

d orifice diameter m

D nominal diameter of test dome m

Kot compression ratio of vacuum pump —

Kett o Kettp special values of compression ratio —

Ky COMpression ratio at zero throoghput —

L thickness of orifice wall m

M molecular mass of gas kg/mol

Do minimum operational pressure on inlet Pa (or mbar)

D1 (high) vacuum pressure on inlet Pa (orymbar)
P1max maximum working pressure on inlet Pa‘\(oFmbar)

Do vacuum pressure in backing line Ra (or mbar)

Pas P special values of pressure Pa (or mbar)

De critical backing pressure Pa (or mbar)

(0] throughput of vacuum pump Pa:l/s (or mbar-I/s)
0o leakage gas load Pa:l/s (or mbar-1/s)
Or test gas load Pa:l/s (or mbar-1/s)
Omax maximum throughput Pa:l/s (or mbar-I/s)
01, Op special values of throughput Pa:l/s (or mbar-I/s)
R ideal gas constant N-m/mol-K

qy volume flow rate I/s

) volume flow\rate at K¢ = 1 I/s

qyB volumé flow rate of backing pump I/s

dyx maximum expected volume flow rate (see 6.3) I/s

T absolute temperature K

5 Apparatus for volume flow rate (pumping speed) measurement

5.1 [Test dome for the throughput method: Inlet pressures > 10~4 Pa (10-6 mbar) |

For these measurements, use a test dome as shown in Figure 1 with the same nominal diameter D as that of
the pump inlet. The face of the dome opposite the inlet flange may be flat, conical or slightly curved with the
same average height above the flange as the flat face. The test dome shall be fitted with a device for bake-out
ensuring uniform heating of the dome to achieve the minimum operational pressure.

For pumps with an inlet flange diameter less than the nominal diameter DN 100, the diameter of the dome
shall correspond to DN 100. The transition to the pump inlet flange shall be made through a 45° taper fitting as
short as possible according to Figure 1.

© 1SO 2003 — Al rights reserved
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Dimensions in millimetres

150

4,10

050
N

45°

Key
1 gasinlet
2 vacuum gduge connection

Figure 1 — Test dome

5.2 Test dpme for the standard conductance method; Inlet pressures < 10-4 Pa (10-5 mpar)

The test domg shall be cylindrical and of the shape shown-in Figure 2. The dome shall be fitted with a gevice
for bake-out that ensures uniform heating of the dome tg-achieve the minimum operational pressure.

The diameter| of the thin wall orifice plate shall-be~chosen according to the expected flow rate and shall be
such that the| ratio of the pressures measured ‘at p, and p,, lies between 3 and 50. Care shall be taken to
ensure that gt the inlet pressure p, the mean free path of the gas particles is not smaller than the forifice
diameter d.

For pumps wjth an inlet flange diameter less than the nominal diameter DN 100, the diameter of the[dome
shall correspgnd to DN 100. Thenh’the transition to the pump inlet flange shall be made through a 45° taper
fitting according to Figure 1.

For pumps wjth an inlet flange diameter greater than DN 100, the nominal diameter D of the dome shall be
equal to the actual diameter of the inlet flange.

5.3 PressTre gauges

Total pressure measurements shall be made using pressure gauges calibrated to within 5 % accuracy for
pressures greater than 10~4 Pa (106 mbar), or within 10 % for pressures less than this value.

It is recommended that after completion of the tests, the calibration of the vacuum gauge(s) is checked, for
example by comparison with a reference gauge in situ.

With the test dome (5.2), the pressure gauge agreement may be ensured by fitting at B a gas admission pipe
leading to the pump orifice in the lower part of the dome (see Figure 2). The adjustable valve for gas
admission in this pipe line shall be opened so as to obtain approximately the desired pressure. After
stabilization, the pressure gauges at the points shown shall give the same readings (p, and py). If not, the
required correction can be deduced.

4 © ISO 2003 — Al rights reserved
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1,50

1,50

Figure 2 — Test dome

6 Tlest methods and procedures

6.1 [Principle

Measlirements are made with 99,9 %.(by mass) pure test gas: nitrogen, hydrogen, helium and argon.

6.2 |Measurement of partial pressures

For measurements of backing pressure, a pressure gauge with a trap may be used. For measurements of
inlet pressure, a partial'pfessure gas analyser supplemented by a total pressure gauge may be ysed.

Partia] pressure gas analysers used at the pump inlet shall have sufficient resolving power in the mass range
from 1 to 100.

6.3 [Size of backing pump

The effective volume flow rate, ¢, of a turbomolecular pump depends on the volume flow rate ¢, at zero
pressure difference (p4 = p,), the compression ratio K, at zero rate of throughput (O = 0) and the volume flow
rate g, of the backing pump according to the relationship

KO_QV/qVBJ (1)

QV:‘]VO( Ko -1

which may be solved to give

qy0
qy = (2)
1-1/ Ko +qyo!/ (Ko -qy8)

See Annex A for the derivation of these equations.

© 1SO 2003 — Al rights reserved 5
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For small values of K (e.g. for hydrogen, K~ 1 000), the volume flow rate of the turbomolecular pump is
influenced by the size of the backing pump. This influence may be regarded as small if a backing pump is
used with a volume flow rate ¢,5 deduced from

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

dyx

or > 20
qvB (KO

4rx 0,05 K
qvB

)

From Equation (3), the choice of a suitable backing pump may be made for a gas with known value of K, from

the specificati

on of the turbomolecular pump.

6.4 Volumie flow rate (pumping speed)

Under ideal ¢
pump inlet pe

bnditions, the volume flow rate is the volume of gas which flows from the test’‘dome throu
I unit time. For practical reasons, however, the volume flow rate of a given_pump and for 4

Oh the
given

gas is conveptionally taken as equal to the quotient of the throughput of this gas‘and of the equiljbrium
pressure at a(given location.

The units adopted for the volume flow rate ¢, are cubic metres per hour (m3/hj.or litres per second (I/s).

6.5 Methofds of measurement of volume flow rate (pumping-speed)

6.5.1 Methqd for inlet pressures > 104 Pa (10-¢ mbar): Throughput method

The method gdopted for the measurement of the volume flow rate ¢, is the steady pressure method for|which

the gas throu
by a vacuum
the relationsh

9y =
P

where pj is th
This pressure
6.5.2 Methd
The method ¢

“standard con
If pressure is

phput, O, is measured outside the dome. If the*pressure p, in the test dome, which is meg
gauge in the determined area (Figure 1),.is_held constant, the volume flow rate ¢, is obtair

p

D

- 20

e minimum operational pressure in the test dome (see 6.9).

limit may be shifted.ie lower pressures, if the accuracy of the flow meter is appropriate.

d for inlet pressures < 104 Pa (10-¢ mbar): Standard conductance method

dopted forthe measurement of the volume flow rate g, is the steady pressure method kng

ductance” method, in which a thin orifice plate divides the test dome (Figure 2) into two vol
measured in each volume by pressure gauges having the same sensitivity, the volume flo

sured
ed by

wn as
umes.
W rate

is then given

‘IV:C[

Pa—Poa 1

Pb~Pob

|

()

where C is the calculated conductance, taking account of the orifice size and the gas properties. Pressures
Pog @nd pq, are measured inside the dome before admission of the gas. The conductance of the orifice with

diameter 4 an

\32Mm

el

d thickness L may be calculated using the following formula:

jdz

1
1+L/d

(6)
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The term 1/(1 + L/d) is a correction factor that can be defined as the average throughput probability.

The formula shall be applied with consistent units. Special values such as

R =8,314 N-m/(mol -K)

M

air = 28,8x10 3 kg/mol

T=293K=20°C

will gi

e

o

or

o

where

6.6

6.6.1

The a
valve
admitf
from 4

When
baronm
volum
subsel
atran

If the
every
repea

Measrﬂ

beco

y:

ir =91d%)(1+ L/d) m¥/s

(oir = 91000 d2/(1+1/d) s
L and d are measured in metres.
Test procedures

Procedure for the throughput method: Inlet pressures > 10~4 Pa (10-% mbar)

'rangement of the measuring equipment with the test dome from Figure 1 is given in Figur
b closed, the minimum operational pressurecshall prevail in the test dome (see 3.4).
ed to the test dome through the adjustable valve 5. Measurements are made with increas
threshold value allowing the correct use:of the throughput meter 6.

the required pressure is obtained,"wait for at least 5 min. Then measure the pressure,
etric pressure and either the admitted volume flow rate (when using a flow meter) or the
e and time (when using a calibrated burette). If the flow rate remains steady to within
quent 5 min, the measurement at this point may be regarded as valid. If the flow rate is un
Sient condition, wait until it stabilizes.

throughput measurement lasts for more than 60 s, the pressure p4 in the dome shall be
minute. If duringZmieasurement the pressure varies by more than + 1 %, the measure
ed until the readings are stable. Then the throughput is the average of the measured valug

rement at\three points per pressure decade shall be made up to a value p, where t
es 2, aor

2=2 p1

e 3. First, with
Then gas is
ing pressures

temperature,
displaced gas
+ 1 % for the
steady due to

noted at least
ment shall be
S.

he ratio p,/p,

(7)

6.6.2 Procedure for the standard conductance method: Inlet pressures < 10~4 Pa (10-6 mbar)

The arrangement of the measuring equipment is given in Figure 4. First, with all valves closed, the minimum
operational pressure shall prevail in the test dome (see 6.9). Then the gas is admitted to the test dome
through the adjustable valve 5. Take measurements with increasing pressures, beginning from a threshold
value of twice that of the minimum operational pressure. When the required pressure p, is obtained and
remains stable for the following 5 min to within + 5 %, this point may be regarded as valid.

If pressure is unsteady due to a transient condition, wait until it stabilizes. Measure the pressures p, and
pp =p, together with the backing pressure p,, and the temperature. If during this measurement one of the
pressures varies by more than + 5 %, the measurement shall be repeated until stability is obtained. Then the
throughput is calculated from the average of the measured values.

© 1SO 2003 — Al rights reserved
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Take measurements at three points per pressure decade made up to p,, = 1 x 10-3 Pa (1 x 105 mbar), or to a
pressure at which the mean free path of the gas molecules in the upper part of the test dome becomes less
than 2d, where d is the diameter of the orifice.

If the measurement of the volume flow rate is to be continued to higher pressures, the procedure given in
6.6.1 shall be applied.

6.6.3 Evaluation of measurement

Plot the volume flow rate ¢, of the turbomolecular pump against the inlet pressure (p; =pp) in a semi-
logarithmic graph (Figure 5). Then plot the volume flow rate ¢, measured at the outlet of the turbomolecular

pump againstrpr-en-the-same-graph-se-as-to-show-the-type-of-the-backing-pump—he+ange-of-abssissa shall
cover the whple range of pressures p; and p,. The minimum operational pressures of the turborolecular
pump and of the backing pump shall be indicated.

r—

I 1 I

6 | ° 7 |
L
()3
SAMEN
L =)
M 19
8
2

Key
1 testdome 7 vacuum gauge (measures p,)
2 backing pump 8 vacuum gauge (measures p,)
3 turbomolecular pump 9 cold trap
4 gasinlet valve 10 heating jacket
5 gasinlet valve 11 conductance valve
6 throughput meter

Figure 3 — Arrangement for measurement of volume flow rate
(pumping speed) for throughput method
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r— 1
| 11 |
| |
Lyl ﬂ@}"a
| O
I P / 8 I
Ikl @ |
5 ANV M
| 9 |
I R

Key

1 tegt dome 7
2 backing pump 8
3 tutbomolecular pump 9
4 gasinlet valve 10
5 gasinlet valves 11
6 vacuum gauge (measures p,) 12

Figure 4 — Arrangement for measurement of volume flow rate
(pumping speed) for standard conductance method

150

—_

[=]

[=]
T

vacuum gauge (measures p,)
yaeuum gauge (measures p,)
residual gas analyser

cold trap

heating jacket

conductance valve

qv

Volume flow rate, l/s

(g
[=)
T

qvs

107 10> 10™* 1073 102 107" 10°

Figure 5 — Example of volume flow rate (pumping speed) curve
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6.7 Maximum throughput

6.7.1 Measurement method

For at least two sizes of backing pump, measure the throughput O as a function of the backing pressure p,
while the pump is operated under conditions as specified by the manufacturer. The test dome shown in
Figure 1 shall be used. Suitable sensors should be provided to monitor the limiting parameter(s) (see Note
in 3.2). When the maximum throughput Q,,,, is reached, all monitored values shall become stable and shall
not exceed the prescribed limit for a minimum time of 4 h. One of the backing pumps should preferably be
smaller than the other, with a throughput as proposed by the manufacturer, and the other pump much larger
(about 5 to 10 times).

This procedufe is intended to verify the data given by the pump manufacturer and so it is non-destriictive.
However, it shall not be used to find the limit.

6.7.2 Test grocedure

Connect the pump to the test dome (5.1), which is able of establishing a constant gas-flow and of meafsuring
the inlet presgure p,. The backing line is equipped with a vacuum gauge to measure-the’ backing pressiire p,.
Increase the gas load on the high vacuum side stepwise. The readings of the sensors be stable beforg they
are recorded.|If one sensor reading passes the prescribed limit, close the gas inléf*valve and the test shall be
regarded as failed. With the maximum throughput Q,,,,. the test shall run fora minimum time of 4 h ith all
readings well jwithin the limits.

6.8 Critical backing pressure

6.8.1 Measurement method

By admitting fest gas into the backing line, increase the-backing pressure p, and set it to a value where a
compression |ratio of K = po/lpq =2 is measured. Then this backing pressure p, is the critical backing
pressure p.

Use the appafatus shown in Figure 3, which is capable of establishing a constant gas flow and of meajsuring
the inlet presgure p4. The backing line is equipped with a second gas inlet (valve 4 in Figure 3) and a vacuum
gauge to megsure the backing pressure ps:The backing pump used shall be able to handle twice the test gas
load at the expected pressure p, = p...

6.8.2 Test grocedure

Prior to the agmission of gass & steady-state pressure pg < 102 Pa (104 mbar) shall be established in the test
dome from which a leakage{gas load of Qj < py x ¢, can be deduced.

Then with a qonstant test gas load O, increase the pressure p, in the backing line by admitting the test gas
into it. Record the,pressures p, and p,; they shall be stable to within 10 % over a time interval of > 15 mip.

Depending on _the type of pump, it is possible to make this measurement at two different values for p. If for
P2 the measured Kg 5 is 1,5 < K 5 <2, and with pyy, the measured Ky, is 2 < Kggr, < 4, the pressure pg,
may be interpolated from these two values p,, and pyy,.

6.9 Minimum operational pressure

6.9.1 Operating conditions

The operating conditions of the turbomolecular pump are those given by the manufacturer (rotational speed,
quantity and quality of lubrication fluid, etc.). The ambient temperature shall be between 15 °C and 25 °C
during the whole test procedure. After the specified bake-out procedure (see 6.9.2 or 6.9.3), the apparatus
shall be at a stable temperature to within + 3 °C.

Use the apparatus from Figure 3 for this test.

10 © IS0 2003 — All rights reserved
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6.9.2 Test procedure for pumps with an minimum operational pressure > 104 Pa (10-¢ mbar)

One hour after starting the pump, heat the test dome (see Figure 1) to a maximum temperature of 120 °C for
3 h. If the turbomolecular pump is fitted with a bake-out device, it shall be baked following the manufacturer's
instructions. The temperature of the upper part of the turbomolecular pump shall be monitored to remain
within the limits of the pump specification. The bake-out of the turbomolecular pump and the test dome shall
be terminated simultaneously. The bake-out procedure shall be described in the test report. lonization gauges
shall be degassed according to the manufacturer's recommendations during and at the end of the bake-out, at
the latest 2 h before the measurement. The outlet pressure of the turbomolecular pump shall be recorded at
the same time.

The

ressure p, in the test dome measured 48 h after the end of bake-out is the minimu

operational

press
be po

6.9.3
When

One

turbor
instru
within
be ter
reach

ire of the turbomolecular pump. At this time, the slope of the function of pressure against
Bitive.

fitting the test dome (see Figure 1), the conditions usually required for UH\/-technology sh

nour after starting the pump, heat the test dome to a maximum.-temperature of 3
holecular pump is fitted with a bake-out device, it shall be baked following the n
ttions. The temperature of the upper part of the turbomolecular pump shall be monito
the limits of the pump specification. The bake-out of the turbomolecular pump and the te
minated simultaneously when a pressure of 100 times the expected minimum operation

lonizaftion gauges shall be degassed according to the manufacturer's recommendations during 3

of the|
shall |

The ¢

press
be po

6.10

6.10.1

The c
gas in

6.10.2

The t

bake out, at the latest 2 h before the measurementi: The outlet pressure of the turbomc
e recorded at the same time.

ressure p, in the test dome measured 48h after the end of bake-out is the minimu
ire of the turbomolecular pump. At this time, the slope of the function of pressure against
Bitive.

Compression ratio

Measurement method

bmpression ratio is_determined by admitting gas into the outlet duct of the turbomolecular
ection into the test-dome.

Test apparatus

st gases used shall have a purity of 99,9 % by mass. Pressure records shall be made
ted\for the test gas. Use the apparatus shown in Figure 3. It is recommended to use a s

time shall not

Test procedure for pumps with an minimum operational pressure < 10-4Pa(10-¢ mpar)

all be met.

00 °C. If the
hanufacturer's
ed to remain
st dome shall
bl pressure is

bd, but at the latest after 48 h of baking. The bake-out¢precedure shall be described in the test report.

nd at the end
lecular pump

m operational
time shall not

pump with no

using devices
et of different

calibr
press%re gauges to measure the whole range of pressure p,. An adjustable valve (4 in Figyre 3) for gas
admission shall be fitted at the inlet of the backing pump to vary the backing pressure p,.

A pressure gauge 8 shall be mounted as near as possible to the outlet of the turbomolecular pump, in a
straight uniform section of the backing line, the diameter of which is equal to that of the turbomolecular pump
outlet. The connected pipe of the pressure gauge shall be perpendicular to the outlet line axis and flush with
its inside wall. It shall be clearly displaced from the gas admission pipe.

To reduce the amount of any other gas at the turbomolecular pump outlet, the use of another turbo-pump or a
diffusion pump as a backing pump is strongly recommended. This lowers the outlet pressure p, to < 102 Pa
(104 mbar). No cold trap is necessary.
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6.10.3 Test procedure

For each test gas, first wait until the minimum operational pressure pyq, prevails in the test dome. The
corresponding backing pressure pg, shall be less than 0,1 Pa (10-3 mbar) to make the measurement valuable.

Then open valve 4 progressively so that the pressure p, increases step by step. The values of the backing
pressure p, and inlet pressure p, (always total and partial) shall be recorded simultaneously. When these are

stable to withi

p
K e =

n+ 5 % over 5 min, the compression ratio K is given by

2 P02

P1=Po1

(8)

Measurements shall be recorded at three points per decade of the backing pressure.

6.10.4 Evaluption of measurements

Plot the inlet
indicated. Th
clearly indica

6.11 Vibration

6.11.1 Genel

The vibration
frequency rar
conditions wit

6.11.2 Test gpparatus

The turbomo
manufacturer
The base ma

WARNING —

The inlet flange of the pump shalllbe blanked off with a standard flange and seal. The vibration measur|

head(s) shall
more than a t

In preparing t
by more than

The pump sh

n plot the compression ratio K against p, also on a logarithmic scalé. The test gas sh
d on each diagram.

al
of the turbomolecular pump shall be measured in a/direction radial to the motor axis,

ge from 10 Hz to three times the normal rotational*speed of the pump, running under 1
h no gas load. Both the vibration acceleration and:vibration velocity shall be recorded.

ecular pump shall be freely mounted, in a vertical and/or horizontal position followir
s operating instructions, on a sheet of rubber at least 4 mm thick on a solid vibration-free
be a concrete block of at least.five times the mass of the pump but no less than 100 kg.
Provisions shall be made-for the safety of personnel in the area.

be mounted on the*pump in a plane at a right angle to the rotor axis. This plane shall

pnth of the largést dimension of the pump, away from the centre of mass of the pump.

ne pump Wwith the test equipment the mass of the pump with its blanking flange shall not ing
3 %. Ne-additional masses shall be connected to the pump during the tests.

bl be' connected to the backing pump by a flexible hose at least 750 mm long and bent by

bressure p, against p, both on logarithmic scales. The minimum operational\pressure pg shall be

all be

in the
ormal

g the
base.

ement

not be

rease

more

than 90°.

6.11.3 Test procedure

Before taking a measurement, the pump shall be run under normal operating conditions without gas load for at
least 30 min. While measurements are taken, the backing pump shall be switched off.
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