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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 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 specifies standard methods for measuring the performance characteristics of
mechanical booster 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.

The purpose of this document is to ensure that measurements of the performance characteristics of
mechanical booster vacuum pumps are, as far as possible, carried out by identical procedures and under
identical conditions. As a result, measurements conducted by different manufacturers or in different
labg¢ratories, and statements of performance quoted in manufacturers’ literature, are integhded to be
obtained on a properly comparable basis to the benefit of both user and manufacturer.
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Vacuum technology — Standard methods for measuring
vacuum pump performance —

Part 3:
Specific parameters for mechanical booster vacuum pumps
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Scope

5 document specifies methods and special requirements for measuring the jnaximur

re pressure difference of mechanical booster vacuum pumps.

It Sfplies to mechanical booster vacuum pumps employed for mediim vacuum or rou
i

cations including gas-cooled mechanical booster vacuum pump.afid multiple mechani
lum pump systems.

tive displacement vacuum pumps. Maximum tolerable” pressure difference Apmaj
pression ratio Keff, compression ratio with zero thtoughput Ky and overflow valv
brence Ap1 are special characteristics of the performance of mechanical booster vacuum

Normative references

following documents are referred to_in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition.efthe referenced document (including any amendmen

3529-1, Vacuum technology — Vocabulary — Part 1: General terms
3529-2, Vacuum technology*— Vocabulary — Part 2: Vacuum pumps and related terms
3567, Vacuum gauge$ + Calibration by direct comparison with a reference gauge

21360-1:2012, Vacuum technology — Standard methods for measuring vacuum-pump perfi
E 1: General desepiption

Terms:and definitions

the, purposes of this document, the terms and definitions given in ISO 3529-1 and ISO

h tolerable

ssure difference, effective compression ratio, compression ratio with zero throtighput anld overflow

bh vacuum
ral booster

pvers particular characteristics of mechanical boosters thafare different from those of the usual

, effective
b pressure
pumps.

Pir content
pplies. For
[s) applies.

brmance —

B529-2 and

the

co 11 . 1
1UIIOWIIIg dpPpPly.

ISO and [EC 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

mechanical booster vacuum pump
vacuum pump based on mechanical principles used between the backing pump and the high vacuum
pump or process chamber to increase the throughput of the pumping system in medium vacuum or
rough vacuum application, or to improve the compression within the system and so reduce the volume

flow rate n

eeded for the backing pump

Note 1 to entry: Several mechanical booster vacuum pumps may be cascaded for higher performance.

Note 2 to entry: In some applications, mechanical booster vacuum pumps are used for gas recirculation as well.

[SOURCE: |
“or proces;s
vacuum or

3.2
overflow v

Apy
pressure d
valve open

3.3
maximum

Apmax
maximum
pump is ab

Ap max

3.4
effective ©
Keff
ratio of theg

K =

4 Symb

Symbol
D

Dn

i i MY At principie
“a medium range of pressure” has been replaced by “med
the pressure stages” has been replaced by “the compressio

» o«
)

rough vacuum application

ralve pressure difference

ifference between the backing pressure p3 and the inlet pressure p1 immediately before
5

tolerable pressure difference

pressure difference between the backing pressure p3 and the inlet pressure p1 that the
le to withstand under continuous operation without any deterioration or damage

=DP3—P1

ompression ratio

backing pressure p3 to the inlet préssure p1 of the mechanical booster vacuum pump

P3
1.
ols
Designation Unit
inner diameter of test dome m
neminal diameter of test dome m

and
um

]n.]

the

test

@)

(2)

p1
p3
APmax
Ko
Ko,max

Kefr

1 B r 1 hY
vdLUUIIl pressurc UIl HIICL rd (Ul I1IDdT )

vacuum pressure in backing line Pa (or mbar)

maximum tolerable pressure difference of test pump Pa (or mbar)

compression ratio of test pump with zero throughput —
maximum compression ratio of test pump with zero throughput

effective compression ratio

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=405ffb318a0c4db8c235869af1a6931f

Apq

Pb

5

a)
b)

A

d)

f)

g)

h)

6

6.1
Thd
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overflow valve pressure difference of test pump Pa (or mbar)

base pressure Pa (or mbar)

measurement uncertainty —

Measurement conditions

Environmental conditions shall be in accordance with ISO 21360-1.

Measurements are made with dry gas. Generally, test gas or ailr with relative humidity 6o
working parameters during the measurement period.

be admitted in the housing.

specifications.

Rotational speed of the motor and the frequency controller ‘system shall be in accor

manufacturer’s specifications. The rotational speed of themiotor shall be within + 3 %
rotational speed.

used, the apparatus shall be purged with the new’gas before measurement begins. In

corresponding calibration table shall be provided for each gas species.
immediately before or immediately.after the test.

Experimental setup

General

apprropriate for the@xpected base pressure. All components shall be assembled as shown

und

All
a)

er clean conditions and in accordance with the manufacturer’s instructions.
measuring,devices shall be calibrated either

in 3 traceable way to a vacuum primary or national standard, or

b)

by means of instruments of absolute measure which are traceable.

o or below.

The backing pump shall provide an appropriate backing pressure and operaté within normal

There shall be no liquid in the pump housing of test pump, no medium otherthan the tept gas shall

Where cooling water is required, it shall be provided in ac¢ondance with manpufacturer’s

lance with
f the rated

It is recommended that all measurements be madéwith the same gas. Where different gases are

hddition, it

is preferable to use a gas independent vacuum.gauge or a gauge calibrated for the tefst gases. A

The leak rate of the experimental setup shall be less than 10-4 Pa-m3/s. This shall bg measured

test domes shall bectéan and dry. The cleanness of the pump, seals and other components shall be

n Figure 1

The pressure measurements are performed with total pressure vacuum gauges, which shall be
calibrated as specified in ISO 3567, or by means of instruments which are traceable to SI units. In the
case of calibrated measuring instruments, there should exist a calibration certificate in accordance
with ISO/IEC 17025I[3].

6.2

Schematic diagram

The schematic diagram of experimental setup is shown in Figure 1.

© IS0 2019 - All rights reserved
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eter to meaSure gas temperature at outlet
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eter to measure ambient temperature

NOTE 1
booster pu

he peturning cooled gas line and cooler are required only if the test pump is a gas-cooled mecharical
p-For guidance on the design and manufacture of the measuring equipment, see Figure B.2.

NOTE 2  Adjustable gas inletvalve A (5) is not required to measure the compression ratio with zero throughput
and overflow valve pressure difference.

Figure 1 — Experimental setup

For test pumps which exhaust the gas against atmospheric pressure, there is no backing pump (3) and
the measurement of p3 is replaced with a measurement of the ambient atmospheric pressure.

For gas-cooled mechanical booster pumps which exhaust the gas against atmospheric pressure, the
cooling gas port should be opened to admit ambient air during measurement.

4 © IS0 2019 - All rights reserved
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6.3 Test dome on test pump

A suitable test dome and adapter, as specified in ISO 21360-1:2012, 5.1.2, shall be selected.
Recommendations for the inner diameter are given in Table A.1. For test pumps with an inlet flange
diameter of less than Dy = 100 mm, the diameter of the dome shall correspond to Dy = 100 mm. The
conical adapter to the pump inlet flange shall be selected in accordance with Annex A.

6.4 Buffer volume on backing line

To reduce pressure fluctuations, the combined volume of the buffer volume (2) and the backing line (9)

h 1 1 X33 £ £ firaoc + AR alimaa £ irba oo Bical clar Iaciiy
S a I T Ol llllllllllulll Ul llV\., CIIIIC O LIIU QVV\,P\, vuUIUuILIlIC VUl UIIcC lll\/\rll“lll\fﬂl UUUOL\/I Vﬂbuulll pump See

[SO|21360-2:2012, 5.1.2)

A bpffer volume (2) is not required when the backing line volume meets this requirement. Where a
buffer volume is necessary, it shall be sized accordingly with a minimum diameterequal td or greater
than that of the backing line.

6.5 Vacuum gauges

The installation orientation of the vacuum gauges (vertical, horizontal or inclined) shall{match the
origntation of the gauge when calibrated to minimize the impact measurement uncertainty.

Where measurements are performed with different gas species,'a gas independent vacuum|gauge or a
gaupe calibrated for the test gases shall be used.

7 |Test methods
7.1 Measurement of maximum tolerablé&’pressure difference, Apmax

7.1]1 General

If the test pump is fitted with an ovérflow valve, this shall be locked closed during the test.

7.12 Measuring method

Test gas is admitted to the.test dome and backing line until the desired inlet pressure and pressure
difference between théinlet and backing line is reached. The test pump shall be operated until the body
tenmperature and ouflet gas temperature are stable. It is recommended that the inlet pressyre is equal
to dr less than 1 x\103 Pa.

For|any giveminlet pressure, the maximum difference between the backing pressure, p3, annd the inlet
prefsure, pg» When the test pump operates continuously without any failure and within the technical
spefifications, e.g. the maximum oil or bearing temperature, is the maximum tolerablg pressure
difference, Apmax-

7.1.3 Measuring procedure

The arrangement of the experimental setup is given in Figure 1. Gas is admitted to the test dome by
simultaneously adjusting gas inlet valve A (5) and gas inlet valve B (7) on the backing line. The backing
pressure, p3, and the inlet pressure, p1, shall be measured simultaneously. If the test pump operates for
1 h without any failure after thermal stabilization, the maximum difference between them will be the
maximum tolerable pressure difference, Apmax.

NOTE Measurements can be performed with different gas species. When the gas for test is changed, all pipes
connected to the gas inlet valve are purged with the new gas before the beginning of the measurement.

© IS0 2019 - All rights reserved 5
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7.1.4 Measurement uncertainty

The pressure should be measured with an uncertainty of less than * 3 %. The total uncertainty of the
maximum tolerable pressure difference shall be less than 10 %.

NOTE

For the calculations, see Annex C.

7.1.5 Evaluation of the measurement

The maximum tolerable pressure difference, Apmax, is calculated using Formula (1).

7.1.6 Te

The test rg
maximum

n) maximn

7.2 Measurement report of compression ratio Ko

7.2.1 Ge|

Measure th

experimental setup is shown in Figure 1.

722 Te

The testre

5t report

port should contain all data described in 8.2 to 8.4 and additionally the measremen
folerable pressure difference, Apmax:

um tolerable pressure difference pApmax = p3 - p1.

neral

e compression ratio, Ko, in accordance with ISO 21360-1;2012, 5.5.2. The arrangement of

5t report

port should contain all data described in 8.2 t@'8.4 and the following additional data:

t of

the

n) compression ratio Ko = p3/p1;
o) fluids (if used) and vapour pressures at 2026 used in the test pump;
p) type of coolers if employed in the test'and their temperatures, base pressure of the backing pymp

and te

7.3 Measurement of the effective compression ratio Kegf

7.3.1 Balking pump selection

The backin
booster va

The comp
arrangeme

5t pump.

g pump capacity shall be adequate to achieve the desired outlet pressure of the mechan
cuum pump(with the anticipated flow.

ete  Kpff measurement by throughput method is similar to ISO 21360-1:2012, 5.1.
nt-of.the experimental setup is shown in Figure 1 with the additional requirements of]

ical

The
the

outlet pres

sure of the mechanical booster vacuum pump caontrolled hy using valve B (F‘ionrp 1

key

item 7), by varying the frequency of the backing pump or using an adjustable conductance valve (as in

[SO 21360-

1:2012, Figure 8, key item 9) or a combination of these methods.

7.3.2 Testreport

The testre

port shall contain all data described in 8.2 to 8.4 and the following additional data:

n) the compression ratio Keff versus throughput or volume flow rate of the test pump;
o) fluids (if used) and vapour pressures at 20 °C used in the test pump;

p) type of coolers if employed in the test and their temperatures, base pressure of backing pump and
test pump.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=405ffb318a0c4db8c235869af1a6931f

7.4

7.4.

IS0 21360-3:2019(E)

Measurement of overflow valve pressure difference Ap1

1 General

This covers the measurement of the pressure difference when the overflow valve opens.

Ens

ure that the valve functions reliably and consistently prior to test.

7.4.2 Determination of overflow valve pressure difference

Thereverfew—ralvepressure-differenceAptis-definedaceordingtoFormla{3:
Apy =p3—p1

7.4)]3 Measuring method

3

With the gas inlet valve of the test pump closed, increase the pressure in the backing line until the

ove

7.4

The arrangement of the experimental setup is given in Figure{:

Clos

flow valve opens.

4 Measuring procedure

e the test pump gas inlet valves. Allow the test pump towreach a stable operational tempgrature.

Slowly admit dry gas to the backing line by adjusting gas inlet valve B (7). The differende between

the
pre

7.4

Wh
pre

7.4

ssure difference, Apy.

5 Overflow valve opening

6 Measurement uncertainty

backing pressure, p3, and inlet pressure, p1, when the overflow valve opens is the ovegflow valve

bn the difference between backing.pressure, p3, and inlet pressure, p1, exceeds the overflow valve
ssure difference, Apq, the valve willlopen. This is indicated by the sudden increase in inlet pressure, p1.

The pressure should be fmeasured with an uncertainty of less than + 3 %. The total uncertginty of the

ove

NOTE For the-éxact calculation, see Annex C.

7.4

ave

7.4

The test report shall contain all data described in 8.2 to 8.4 and the following additional data:

n)

I flow valve pressurédifference shall be < 10 %.

7 Evaluation of the measurement

age of measured values. The inlet pressure, p1, backing pressure, p3, and overflow valye pressure
difference, Ap1, shall be recorded.

.8 Testreport

the overflow valve pressure difference Ap1.

© IS0 2019 - All rights reserved
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8 Testreport

8.1 Content

The test report should contain the following general data on the pump parameters (see 8.2), the test
equipment and conditions (see 8.3) and the operational parameters (see 8.4). Additional data specific to
the type of test are described in 7.1.6, 7.2.2, 7.3.2 and 7.4.8.

8.2 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 mechanical booster vacuum pump;
b) the flapge type and size of the mechanical booster vacuum pump;

c) the type and the article/serial number of the driving unit (motor, frequency controller) if not fixed
part of the test pump;

d) the nominal rotational speed, min./max. rotational speed and maximum poewer consumption offthe
mechanical booster vacuum pump.

8.3 Report on test equipment and conditions
The test report shall contain the following general information about the test equipment and conditipns:
e) the type and operational conditions of vacuum gauges uséd;

f) the tyle of seals used upstream from the inlet flange'of the test pump;
g) Dn (siZe of the test dome and flange type);

h) the flow rate and temperature of cooling. water;

i) ambient temperature and atmosphere pressure;

j)  type, serial number and nominatpumping speed of the backing pump.

8.4 Report on operational parameters

All measurfement reports,shiall contain the following items:

k) the inlpt pressure;py, and the backing pressure, p3, of test pump;

1) the ga$ temperature at outlet, the housing temperature at outlet flange;

m) testgalsspecies.

8 © IS0 2019 - All rights reserved
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Annex A
(normative)

Test dome

As shown in Figure 1, a test dome is required for the experimental setup.

IS0 21360-3:2019(E)

Test domes and conical adaptors are described in ISO 21360-1:2012, 5.1.2.
The length of adaptor shall be not more than 0,5 D.

The volume of the test dome, Vp, shall be at least five times the swept volume during one cq
cycle Vp when Vp is less than 65 1 and the volume of the test dome Vp shall\be set to 1 :
the[swept volume, Vp, is more than 65 1. The appropriate test dome for different swept vq

indjcated in Table A.1.

For|pumps where the calculated inner diameter of test dome shalkbe less than Dy = 10

diameter of fitted dome shall correspond to Dy = 100 mm.

A syept volume is the ratio of the nominal pumping speed tg.the nominal rotational speed

adopt the same unit.

Table A.1 — Test dome specifications

mpression

00 I when

lume Vp is

0 mm, the

they shall

Vp Vb D
1 1 mm
0~0,26 1,3 100
0,26~1,1 54 160
1,1~4,2 21 250
4,2~17 84 400
17~65 325 630
> 65 1300 1000
Key
Vp: | swept volume
Vp:| volume of the£est"dome
D: |inner diapretér of test dome
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Annex B
(informative)

Backing line and returning cooled-gas line

The dimension of backing line is shown in Figure B.1.

b
c

f

“c” shall include the equivalent length of any elbow used to attach the backing line to the test pump

NOTE q

Noming
Connecd
Noming
Connec

1 diameter of the outlet ofymeehanical booster vacuum pumps.
tion to buffer volume ofbacking line.

1 diameter of the inlet.of backing pump.

tion to returningcooled-gas pipe or closed.

=e€.

0qb

N )
150,

Dy

Figure B.1 — Backing line basic dimensions

Where the pump under test is gas cooled the returning cooled-gas pipe shall be sized adequate for the
function of the mechanical booster vacuum pump in accordance with the manufacturer’s instructions.
It has no significant effect on measurement.

10
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_____ H_._

Key

1 [cooler

2 |returning cooled-gas pipe

3 |connection to returning cooled-gas port of test pump
4 |connection to backing line

Thd

N

\I“’l/ 1
T

Figure B.2 — Returning cooled‘gas line

backing line as shown in Figure B.1 can be simplified as shown in Figure B.3. This dgsign is not
suitable for measurements on gas-cooled mechanical'booster pump.
[y
|
“ 1
L A
T F Y ————
d a
C d QN
I !

“c” ghall include’the equivalent length of any elbow used to attach the backing line to the test pump

7o)

NOT

Nominal diameter of the outlet of mechanical booster vacuum pumps

Nominal diameter of the inlet of backing pumps

E c=d.

Figure B.3 — Simplified backing line basic dimensions
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