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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 27892 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. \Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 112, Vacuum technology.
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Introduction

A rotating turbomolecular pump or molecular drag pump has a large amount of energy stored in the rotor due
to the high rotational frequency. If the rotor breaks, this energy is released in a very short time and there is the
possibility of rupture of the casing of the turbomolecular pump. A large reaction torque is also generated on
the pump housing and there is a possibility that the bolts that fix the turbomolecular pump might break.

This |nternational Standard is based on results compiled in studies of these possibilities and has [been drafted
as a|measurement method by turbomolecular pump manufacturers with the aim of impreving the safety of
usery.

The ¢ore contents of this International Standard are the test methods for rapid shutdown torque rmeasurement
of turbomolecular pumps and molecular drag pumps.

The {ferm “turbomolecular pump” used in this International Standard is genéfic and includes mglecular drag
pumps and pumps which contain both technologies on the same shaft.

© 1SO 2010 — All rights reserved Vv
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INTERNATIONAL STANDARD ISO 27892:2010(E)

Vacuum technology — Turbomolecular pumps — Measurement

of rapid shutdown torque

1 cope

This [International Standard specifies a method for the measurement of rapid shutdown Jtorque

(destructive

torque) of turbomolecular pumps in which gas momentum is produced by axial flow type blades and/or helical

chanpels. The main forces leading to failure of turbomolecular pumps are torques_around the rg
Othef insignificant forces and moments that can occur lie outside the scope of this;International S

Ther¢ are two kinds of failure: rapid shutdown by whole burst and softerscrash of rotor. This
Stanglard applies to both. The same measurement method can be used”for turbomolecular
molegular drag pumps.

2 ormative references

The following referenced documents are indispensable or the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

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

3 Terms and definitions
For the purpose of this document,the terms and definitions given in ISO 3529-2 and the following

31
inlet flange

turbomolecular pump jinlet’suction flange for connecting and fitting on to the vacuum vessel
evacyated

3.2

rotorn
rotatipnal body
rotatipnal‘parts

tational axis.
fandard.

International
pumps and

t. For dated
b referenced

apply.

that is to be

(vacdum’ pumps) assembly, composed of shaft, rotor body and rotor blades, which is supporte

by bearings

and is driven by a motor

3.3

rotor blade
turbine blade
rotating blade

(vacuum pumps) part of a pump which rotates with a peripheral speed close to the speed of sound and which

imparts a vacuum exhaust action to the pump, analogous to axial flow type turbine blades
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3.4

rotor body
cylinder part
rotor hub

2010(E)

of rotor

(vacuum pumps) rotor assembly excluding the rotor blades

3.5

centrifugal destruction

split caused
rupture caus

by centrifugal force
ed by centrifugal force

failure occurring in the rotor body through circumferential tensile stress above the marginal value due to the

centrifugal fi

3.6
destructive

rotor destruc
test of the s3
rotor body of

to fail

3.7
destructive
rotational fre

3.8

notch mach
machining ¢
appropriate
rotational fre

3.9
destructive

shutdown tor

rapid shutdo

rotational tor

failure of the

ce-actina onthe rotorwhen onerating
ceactihg-oRtRefoteWhehR-operathiyg

test
ive test

rotational frequency
juency of the rotor when the rotor body fails in the test

ning

brried out on all or a part of the rotor prior to destructive testing to form a notch so th
stress concentration occurs in the rotor body so that failure occurs in the vicinity of the
juency separately stipulated for the rotor body during destructive testing

forque
que
vn torque

rotor body by centrifugal force.in. destructive testing

fety of the turbomolecular pump body and measurement of the destructive torgue by causin
the turbomolecular pump (burst test) or the rotor blades of the turbomoleculark pump (crash

que acting on or transmitted to-the inlet flange fixing member side or base fixing side @

g the
test)

Bt an
rated

uring

4 Symbagls, definitions, and units
Symbol Definition Unit
A Cress-section of compression bar m2
d, lnternal diameter of short tube m
d, External diameter of short tube m
E Young modulus of elasticity of lengthwise direction of compression bar Pa
F, Measured force N
G Modulus of rigidity of short tube Pa
I, Initial moment of inertia of rotor around rotational axis kg m2
i Compression bar number or force sensor number
n Rotational frequency Hz
r Location radius of compression bar or force sensor m
T Rapid shutdown torque Nm
t Time S
£ Measured strain
w Angular velocity rad/s
2 © 1SO 2010 — All rights reserved
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5 Destructive test methods for turbomolecular pumps

5.1 General

There are two kinds of failure: rapid shutdown by whole burst and softer crash of rotor. Pumps are fixed either
at the inlet flange or the pump base. There are thus two kinds of destructive test equipment (see 5.4). The
more suitable test method should be selected by the manufacturer based on the intended use of the product.

5.2 Items to be checked

WARNH o de asures should

be taken when carrying them out.

To ensure safety, measure rapid shutdown torque. This method is the only recommended method. The torque
obtaiped by this method is not always the maximum value, but one value.

Chedk the following items:
a) the value of the destructive torque;
b) that the pump mounting uses the stipulated fitting and is safe;

c) that the pump housing is safe.

5.3 | Test conditions for burst and crash (failure of.rotor body and rotor blades)

The destructive test conditions are as follows.

5.3.1| Destructive test method (burst)
5.3.1}1 The rotor is deemed to fail when,the rotor body or the main shaft fails.

5.3.1|2 The procedure involves notch machining of the rotor body or main shaft so that the rotor body
fails by centrifugal or external (e.gw-a*“crash” destructive test method in which rotor or stator blades fail) force
in the vicinity of the rated speed. The notch in the main shaft should be located between the rptating motor
and the rotor mounting.

5.3.1{3 Make the notch with four or fewer divisions.

5.3.1}4 The rotational frequency at failure should preferably be within £5 % of the rated rotational
frequency.

NOTH This International Standard does not make stipulations with regard to the division method of rofor body failure

in degtructive testing.

5.3.2 Torque cell

5.3.2.1 General

There are two types of torque cell, either consisting of a short tube with strain gauges (5.3.2.2) or a stand with
compression bars (5.3.2.3). The compression bars have strain gauges or force sensors attached to them.

If a torque cell is used, ensure that plastic deformation of the cell does not occur.

© 1SO 2010 — All rights reserved 3
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5.3.2.2  Short tube type

5.3.2.21 The torque on the cell is measured by strain gauges, which are fitted to the central part of the
short tube, as shown in Figure 1. The strain gauges are installed diametrically opposite one another. Figure 2
shows strain gauges in eight places (four sets) at a pitch of 30°. Other examples are shown in Figures 3 and 4.
To ensure adequate responsiveness of the measurement system, it is desirable to use gauges with a range of

0 Hz to 10 kHz or more.

5.3.2.2.2 The destructive torque is calculated from the mean value of strain around the circumference at

the time of failure.

Th | t' 4, 4 e n BN o+ 'y al 4 H H H la | '™ L
€ relation petweentorque, 7, mmewion metres,ana-Sstram 1S givermr oy =quaton—

£ Gl (d3 -df)
8d,

e is the measured strain whose direction is at 45° with respect to the axis of\the torque cell;
dq s the internal diameter, in metres, of the short tube;
d, s the external diameter, in metres, of the short tube;

G is the shearing modulus of rigidity, in pascals, of the shorttube.

i

|
— I
h

: i 2
Key
1 short tubg with strain gauges
2 amplifier for strain gauges
3  datarecdrder
4  strain gafiges

Figure 1 — Short tube with strain gauges

Figure 2 — Example of a pitch of 30°, eight places (four sets)

© 1SO 2010 — All rights reserved
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Figure 3 — Example of two places (one set)

Figure 4 — Example of a pitch of 60°, sixplaces (three sets)

5.3.213 Compression bar type

5.3.2|3.1 Compression bars are provided on a stand‘(see Figure 5) in the direction of action|of the pump
destrluctive torque. The bars are set up so that strain-gauges or force sensors are compressed [by the pump
destrluctive torque. Compression bars with strain gauges are also known as strain rods. The stra|n rods or the
force| sensor are fixed to the floor or a base (plate by fasteners such as anchor bolts that have sufficient
strenpth.

senspr. The strain gauges or force sensors are installed on the compression bars as in 5/3.2.3.1. It is
desirgble to install compression bars at two to four places at equal intervals around the circumference. To
ensufe adequate responsiveness-of the measurement system, it is desirable to use strain gayges or force
sensprs with a range of 0 Hz.to10 kHz or more.

5.3.2|13.2 The measurement gauge used for the compression bar torque cell is a strain gauie or a force

5.3.213.3 The destructive torque is calculated from the sum of strain or force at the two to four|places at the
time of failure.

For sfrain gauges; the torque, 7, in newton metres, is related to strain by Equation (2):

[ =EAr (e1+...+ €;) (2)

where
g is the measured strain;

A s the cross-sectional area, in square metres, of the compression bar;

E is the Young modulus of elasticity, in pascals, of the lengthwise direction of the compression bar;

i is the strain rod number;

r is the compression bar location radius, in metres.

© 1SO 2010 — All rights reserved 5
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For force sensors, the torque, 7, in newton metres, is related to total force by Equation (3):

T=r(Fy+..+ F;) (3)
where

F; is the measured force, in newtons;

i is the force sensor number;

r  is the force sensor radius, in metres.

NOTE Fqr the short tube type, the mean value of the output of the strain gauges fitted around the tube is_used as the
amount of strgin. It cannot be proved that the torsion moment acts alone on the short measurement tubebut, by|fitting
strain gauges|in a number of places on the circumference, the reliability of the measurement can be increased. Fpr the
compression har type, a number of compression bar or force sensors are fitted and the total sum of theimamount of|strain
or force is usef.

A A
| J | / )
' I

3 -

\_I_.

6 1

Y 1 12
X *( 2
5 7
A-A
= 1
-

5

1L

Key

stand

amplifier for strain gauges or force sensors

data recorder

compression bars with strain gauges (strain rods) or force sensors
anchor bolts for floor or base plate

pump side

N O g WON -~

fixing side

Figure 5 — Stand with compression bars
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5.4 Destructive test equipment

5.4.1 Method A

The pump is fixed to the torque cell using the fasteners recommended by the manufacturer. The torque cell is
attached to the test frame. The bolts for both these fixings shall have sufficient strength. The test frame is
fixed to the floor by fasteners such as anchor bolts that have sufficient strength. The test frame shall neither
be deformed by the pump destructive torque nor slip on the surface of the floor. A base plate and a torque cell
are fitted to the test frame and the pump inlet flange or the pump base is fixed to the said torque cell by bolts.

The configuration of the equipment for method A is shown in Figure 6, including the measurement of rotational
frequency. The test pump is fixed by its inlet flange or its base.

8\ /5 4
| ¢ / |
J 1 | / | 4
7\~0
11—
\ﬂ
3
9 6
O
| | ] ]
7.
Key
1 turbomolecular pump
2 gontroller
3  rptational frequency meter
4 bolts
5 tbrque cell
6  dnchor bolts
7  testframe
8 Bhase plate
9  backing pump

Figure 6 — Configuration of equipment for destructive test method A

5.4.2 Method B

The pump is fixed to a torque cell which is fixed to the floor or a base plate so that the pump can twist with the
destructive torque. Moreover, plastic deformation caused by the pump destructive torque shall not occur in the
torque cell. The torque cell is fixed to the floor or a base plate by fasteners such as anchor bolts that have
sufficient strength to prevent movement.

The configuration of the equipment for destructive test method B is shown in Figure 7, including the
measurement of rotational frequency. The test pump is fixed by its inlet flange or its base.

© 1SO 2010 — All rights reserved 7


https://standardsiso.com/api/?name=41b00d4fa671adabc7af048d267b47db

ISO 27892:2010(E)

6 3
2
1
.// 4

Key

turbomolgcular pump
controller
rotational frequency meter
bolts
torque cqll
backing gump

N oo o B~ ON -~

anchor bolts

Figure 7 — Configuration of equipment for destructive test method B

5.5 Destrlctive test procedures
Start the punpp.

It is desirablg that the rotor fails at 95'%to 105 % of the rated rotational frequency. If it fails at less than|95 %
of the rated rptational frequency, repeat the measurement.

Record the rotational frequency at the time of failure.
Check pump|shutdown.

Observe whether there are cracks in the pump case and the state of deformation.

Observe whether there is shearing of the pump inlet flange fitting bolts and the state of deformation ¢f the
bolts and flange.

It is desirable to carry out a leak test on the pump body.

In the equipment for either method A or method B, it is necessary to calibrate the resulting destructive torque
and the strain or force values measured. The torque is calculated from the strain or force values measured
and the rigidity of the measured flange. Consequently, it is necessary to calibrate before the test just what
strain or force is measured when a fixed torque is applied to the measurement system. It is desirable to
calibrate the destructive test equipment by applying a torque that is larger than the torque that probably occurs
at the time of failure, but in this International Standard, the responsibility for calibration lies with the
manufacturers and calibration methods are not stipulated.

8 © 1SO 2010 — All rights reserved
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The rigidity of the stand for the equipment used in method A and method B should be great enough for it not
to have any effect on the items being checked in the destructive test. In other words, as little destructive
energy as possible should be absorbed by the stand or other parts of the test equipment to minimize any
diminution in the measured values.

5.6 “Crash” destructive test method (failure of rotor or stator blades)

Rotor failure mode is taken to mean failure of part of the rotor, e.g. the rotor blades.

The recommended configurations of the test equipment are shown in Figures 8, 9 and 10.

The pump is fixed vertically hanging in a stiff test rig or the pump is fixed vertically to a mounting _gdaptor.

The glecrease in rotor frequency while the rotor is crashing should be used to calculate(the tor:
The rotor frequency can be measured by a photodiode, a laser tachometer or by rotational.Senso
(see |Figure 8). Possibly a trigger mark should be applied to the rotor. Frequency)adgainst t

recorded and can be represented in a graph (see Figure 11). Alternatively, the crash-torque can
with the destructive test equipment (see 5.3.2 and Figures 6, 7, 9 and 10).

jue moment.
[ in the pump
me shall be
be measured

The fotor crash is initiated by a projectile, fired from a device (see Figure 12)‘or a gun barrel (see Figure 9 or
Figure 10).

The fjiring device consists of a pneumatic piston rod cylinder or shert-stroke cylinder, a flange wit

the projectile. The projectile is fixed to the piston. On firing, the projectile moves from the idle

Figure 13) through a hole in the turbomolecular stator ¢ings to the target position. The

n a tube, and
position (see
projectile is

dimepsioned so that it strikes at two rotor stages. The projectile consists of a steel cone, a screw (rectangular
to thg cone) and a thread. Cone and thread are separated by a predetermined breaking point.

Alterpatively, a gun barrel can be used to initiate thé rotor-stator crash by a shot-in projectile.
projeftile moves from the idle position (see Figure 9 or Figure 10) through the high vacuum flange into the

turbomolecular pump. The projectile is dimensioned so that it strikes at two rotor or stator
projeftile consists of a steel or aluminium cylinder. The mass and dimensions of the projectile d
type pf pump under test. Destruction ofthe first two rotor stator stages causes a chain reactig

least] all of the rotor blades are cut off.

The forque moment, 7, is calculated by

Dn firing, the

stages. The
bpend on the
n so that, at

- _ c;—f’ , (4)
wherg

p is the.angular velocity;

1, ~I1s the initial moment of inertia of the rotor about the rotational axis;

t istime.

CL—(;) = %275 (5)

where 7 is the rotational frequency. The term dn/d¢ can be calculated by numerical methods.

NOTE

Calculation by Equations (4) and (5) is not precise, because the moment of inertia, /,, changes when the rotor
blades are cut off. However, this method provides the worst-case estimation.

An example of the calculated torque is shown in Figure 11.

© 1SO 2010 — All rights reserved
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1 3 12

10—
N\ :

O 2

Key

turbomolgcular pump
controller
rotational frequency sensor (e.g. photodiode)
rotational frequency meter

projectile|firing device

regulator| triggering

data recqrder

0 N O O~ W N -

backing gump

©

anchor bolts

N
o

base stand

—_
—_

base plat]

[

-
N

pump mdunting bolts

Figure 8 —Configuration of destructive test equipment “crash”
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88— 6
7
B
4
10 8 =
vIEs — O 15
9 Dl
2
»
2 ' 1
N7
1 /f / L /r
3 12 4 3

Key
1 rmounting adaptor
2  fprce sensor
3 rmounting holes
4 gxis of rotation
5 notational frequency sensor
6  power supply
7  turbomolecularpump
8 un barrel

lectromagneétic valve

= ©
o
= o

igh<pressure air supply

—_
—_

projectile

-
N

base plate

-
w

backing pump

—
o

high vacuum flange

-
(&)}

recipient with integrated gun

Figure 9 — Configuration of destructive crash equipment C
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12

88—

11 -

mounting
force sen
mounting
axes of r
rotationa
power su
turbomol

Xa

13

= OOO01 N

adaptor

Sor

holes

tation

frequency sensor

pply,

bcular pump

w\\-o

gun barrel

electromagnetic valve

high-pressure air supply

projectile

base plate

backing pump

high vacuum flange

Figure 10 — Configuration of destructive test equipment C
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1200

1000 -_1'\‘

n/Hz
T/Nm

800
\\\d

600

400

T
200 i‘/

0 0,01

rotational frequency
rnapid shutdown torque
fjme

>

0,02 0,03 0,04 0,05 0,06 0,07 0,0800;09 0,1
t

Figure 11 — Rotational frequency and torque against time

1 2 3

) g'ﬁm

=

17

4

(to the) piston rod cylinder or short-stroke cylinder

to the turbomolecular pump

short-stroke cylinder

flange with tube (part of turbomolecular pump)

projectile
screw
predetermined breaking point
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