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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the.sobject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13939 was prepared by Technical Committee ISO/TC 123, Plain bearings, Supbéommittee SC 7, Special
types of plain bearings.

iv © IS0 2012 — All rights reserved
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Introduction

Foil bearing is a special type of plain bearing; at the time of publication of this International Standard, no
International Standards on foil bearings exist. This International Standard is an attempt to elaborate a test
method for the basic performance of a foil bearing.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 13939:2012(E)

Foil bearings — Guidelines for testing of the performance
of foil journal bearings — Testing of load capacity, friction
coefficient and lifetime

1 Scope

This
beari

the s
thoss
press
acco

The t

International Standard describes a method of comparing the performance test results, gf foil journal
hgs, which are lubricated by air (gas) and supported by hydrodynamic force generated by the rotation
of the rotating shaft. The test procedure proposed in this International Standard aims to predict

atic load capacity, friction coefficient and lifetime of the foil journal bearing, and compare th

and evaluate
P results with

occurring under different test conditions, i.e. dimensions of a foil bearing, rotational spegd of a shaft,

ure and humidity of surroundings and so on. The magnitude of the static’' foad capacity
ding to the test setting, as the test conditions can be changed.

est method described in this International Standard has the following ‘application coverage:

can change

a) the criterion of the static load capacity is the steady-state, i.e. it is-applied in a limited operafing condition

\

vith a uniform magnitude, load direction and rotational speed,;

b)

c)

d) f
!

2 9

e evaluation procedure can be applied only if the foil jourtial bearing is under a uniform rota
n arbitrary rotational speed,;

e dynamic load with a time-variant magnitude and‘direction is not taken into consideration;

fing inertia at

or the purposes of this International Standard (these guidelines), the configuration of a typidal foil journal

earing is presented in Annex A.

pymbols

For the purposes of this document;.the following symbols apply.

© 18O
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2.1 Basic characters — Roman alphabet

Table 1 — Symbol — Basic characters — Roman alphabet

Symbol Description Unit
C Clearance, coefficient Micrometres,
Non-dimensional
D Diameter Millimetres
d Diameter Millimetres
e Eccentricity Micrometres
F Force Newton
H Height Millimetres
h Humidity Percentage
L Length, lifetime Number of revolutions
P Pressure Newton per square
millimetre
Ra Surface roughness Micrometres
r Distance Millimetres
T Temperature, torque Degrees Celsius, Newton-
metres
t Thickness Millimetres
Fw Mass, load Newton

2.2 Basic|characters — Greek alphabet

Table 2 — Symbol — Basic.characters — Greek alphabet

Symbol Description Unit
€ Eccentricity ratio Non-dimensional
H Friction coefficient Non-dimensional
% Rotational speed Revolutions per minute

2.3 Additional signs — Subscripts

Table 3 — Symbol — Additional signs — Subscripts

Subscript Description
a Air (surrounding), average, applied
ah Air in bearing housing
b Bump foil, bearing
Top foil, friction
fs Top foil surface
h Housing
max Maximum
n Net
r Radial, radius
R Relative
to Take-off
s Steady-state, static

2 © 1S0 2012 — All rights reserved
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Additional signs — Superscript (shown on X)

Table 4 — Symbol — Additional signs — Superscript

Superscript Description (shown on X)

X Non-dimensional value

3 Purpose of test

lifeti

mech
systel

4 1

4.1

In ord
and h
perfo
take-|
shou

4.2

The |
The

vibra
resul

4.3

The
insta

appli

anical element with a specific dimension. These are closely related to the performanceef'th
ms to which the bearings are applied.

[lest conditions

General

erto compare the static load capacity, the test should be performed after the ambient pressure
umidity of the environment in which the bearing operates have‘teached a state of equilibrium
rmance is obtained by measuring the bearing torque and the rotational speed of the shaft. In
pff speed, at which the shaft floats on the top foil without centact, may be observed. Bearing
d be measured and compared at a rotational speed which is higher than the take-off speed

Design of test facility

bearing housing may be connected to_a separate supporter, such as a spring or springs.
ion-proof facility may be applied in ordénto prevent perturbation, which can have a severe effe
s. Also, excessive friction can havé a‘severe effect on the test results due to misalignment of

Installation of sensors

fficients and
bearing as a
e mechanical

temperature
The bearing
his case, the
performance

earing test facility should be designed to centrol the relative position of the bearing in relation to the shaft.

Otherwise, a
cton the test
the bearing.

bquipment to measure-the bearing torque and static load capacity of the foil journal beafings may be

led as shown in Figure™. Using the measurement system clarified in Figure 1, the bearin
bd load may be measured and calculated as explained in 4.4.

As s
the
the v
(FFT
is in
surfa

© 18O

own in Figure-2, the displacement sensors are installed at right angles to each other at
earing housing. The displacement of the shaft centre may be observed by measuring an
lues arriveéd at. The rotational speed of the shaft may be obtained by applying a fast Four
algorithm to the measured displacement data or by the use of a rotational speed meter. A t

g torque and

both ends of
d comparing
jer transform
hermocouple
measure the

alled inside the bearing housing to measure the temperatures of surrounding air (gas). To

2012 — All rights reserved
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applied load

cable
deadweig
shaft
torque rodg
pulley
load cell
counterwsg

nt housing

ight¢preload

]

Figure 1 — Measurement system for the bearing torque and applied load
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3
.

4

splacement sensor

padweight housing

ermocouple for measuring air temperature
ermocouple for measuring top foil surface temperature
naft

p foil

Figure 2 — Installation of sensors

Calculation of bearing torque and‘loads

The friction force, F, may be measured using a load cell linked to the torque rod installed on the ¢

utside of the

hous|ng. Then, the bearing torque, T, generated by the rotation of the shaft is obtained as the product of the
frictign force, F, and the distance, r,between the two centres of the housing and load cell, as given by Formula (1):

Il=F X r (1)
wherg

T is the beafing torque;

F is thefriction force;

is\the distance between the housing centre and the sensor-linked location of the torque frod.

The retHoadFwm—exertedon-thefoiljournat-bearingas—shownintigure—H—isobtaired-bysdbtracting the

applied load, F\y a, measured from the load cell installed between the housing and the loading apparatus to the
mass of the housing, Fw h. Where the load is applied in the lower direction, the net load, Fw n, is obtained by
adding the mass of the housing, Fw n, to the applied load, Fy a.

4.5

Test specimens

The housing, bump foil, top foil and shaft comprising the foil journal bearing may be designed and fabricated
according to the purpose of use.

© 18O
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5 Test methods

5.1 Principle
To operate and test the foil journal bearing, the take-off speed is measured and the load-carrying capacity

is evaluated after sufficient preheating has taken place. The variables necessary for test and estimation are
presented in the test report (see Annex B).

5.2 Start-stop test cycle and evaluation of the take-off speed

Using an electric-motor or a turbine npnrafnrl hy a high_prnacurn air culr_\lr_\ly system, rotate the shaft and then
the foil journal bearing starts to operate. Once the shaft begins its rotation, the bearing torque should be
measured ag the speed of rotation is gradually increased.
Figure 3 shoys a typical example of variation in bearing torque, which is measured with the rotational spged of
the shaft from the start-stop test. As the rotational speed increases, the bearing torque incréases suddeply at
a certain rotgtional speed and then decreases to maintain the steady-state condition with,a-relatively constant
torque value] As the bearing torque decreases to meet its steady value, the rotationalspeed is determingd as
the take-off $peed of the foil journal bearing and should be recorded in the test repert’(see Annex B). As the
rotational spged decreases to zero, the bearing torque suddenly rises again and then decreases.
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Figure 3 — Rotational speed versus bearing torque
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The following processes comprise a single start-stop test cycle.

a)

Firstly, the load for the start-stop test should be determined and applied. Where selecting a load to evaluate
the load capacity and lifetime of the bearing, the loading value exerted on the actual rotating system should
be applied. Otherwise, the initial applied load, F\y, for a start-stop test may be calculated as follows, as a

rule of thumb, then applied load, Fy, a, may be evaluated by the test process in 5.3.

Fy, =C x (Lxd)(dxw)

where

b)

c)

5.3

The g
state

(2)

isthecoefficientof foit bearimgtoadcapacity, . equatto 2000;

4 is the axial length of top foil, in millimetres (mm);

d is the shaft diameter, in millimetres (mm);
@® is the shaft rotational speed, in thousands of revolutions per minute (r/min).

After the shaft reaches the take-off speed, the state should continue for'15 s, and then the
motor should be shut off to maintain a stopped state for 5 s.

This process is defined as a start-stop test. In the start-stop tesl, the rotational speed, the
lumber of shaft rotations, the bearing torque, the temperaturetinside the housing and the to
re observed.

Evaluation of static load capacity

tatic load capacity, Fy,s, is the maximum steadyload which may be delivered by a foil bearin
condition.

The following is the process to determine the static load capacity.

a)

b)

c)

e)

f)

© 1SO 2012 — All rights reserved

The rotational speed of the shaft is-controlled to a given test speed, for example the speed
foil bearing; measurement shall not'take place before thermal equilibrium is reached, as mea
thermocouple installed inside.the bearing housing. The test speed should have a margin fron
g$peed to guarantee stable running of the bearing system.

4

After increasing the rotational speed by about 10 % of the test speed to provide the foil bearin

mis state, the rotational speed and the bearing torque should be observed for 5 min to estin
e air film or bearing rupture. Whenever a foil bearing has a film of air between the shaft 3
emonstrates-smooth rotation without any problems. Where unnecessary contacts develop
haft andiop foil, it creates unstable vibrations. In this case, be sure to move to process (d) or|

c
{
o a sudden adhesion in a few seconds.

power to the

accumulated
p foil surface

j in a steady-

of the actual
sured using a
h the take-off

g with higher

Ipad capacity, apply“the initial load, F\y. Then, the rotational speed should return to the tg¢st speed. In

hate whether
nd top foil, it
between the
this can lead

I|f hofailure is generated, the rotational speed should be increased by about 10 % of the test §

speed, a load

of TN should be added and the rotational speed should be decreased to the test speed. Ther
should be observed for failure for 5 min.

, the bearing

If the bearing fails, the applied load should be removed and the test stopped after the rotating state
becomes stable and operation is maintained for several minutes at the test speed.

The maximum value at which the bearing operates successfully is taken to be the applied load, F\, 3. Then,
the net load, Fw n, exerted on the foil journal bearing is calculated using Formula (1) and is recorded in the
test report of Annex B.

The start-stop test should be repeated at least three times for a given test speed, and the net load, Fy n,
is recorded in the test report (see Annex B) for each test.
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g) Amongthe above-mentioned netloads, F\y n, the minimum value at which the bearing operates successfully
is taken as the static load capacity, Fy s, of the foil journal bearing at the test speed and is noted in the test
report (see Annex B).

5.4 Calcu

lation of non-dimensional static load capacity

The static load capacity of the foil journal bearing is affected by the pressure of the ambient air (gas), which
is the operating fluid and has a relationship with the bearing projecting area, which is the product of the shaft
diameter and the bearing length.

Accordingly,
bearing may
carrying cap

The non-dim
report (see A

FW,S = |

where

>

w,s

Fws
Pa
L

d

5.5 Coefficient of bearing load capacity

The coeffici¢nt of bearing load capacity«may be calculated using Formula (4), and may be utilized

performance

C=Fys

where
Fw,s

L

Where the parameters of the operaung environments differ, the performance of the Toil]0
be compared and estimated where the static load capacity is normalized to calculate ithe
hcity for each projecting area, to eliminate the effects of the ambient air (gas).

ensional static load capacity, F, s, is calculated using Formula (3) and is recorded in the
nnex B).

Fws | pa 1(Lxd)

is the non-dimensional static load capacity;

is the static load capacity, in newtons (N);

is the ambient pressure, in newtons per squaremillimetre (N/mm?2);
is the axial length of top foil, in millimetres; (mm);

is the shaft diameter, in millimetres (mtm).

metric to estimate the static [oad capacity. The value is written in the test report (see Anne

(L x d)(dxw)

is the static load capacity, in newtons (N);

isthe axial length of top foil, in millimetres (mm);

d

urnal
load-

b test

©)

is the shaft diameter, in millimetres (mm);

(0]

is the shaft speed in thousands of revolutions per minute.

6 Clearance and eccentricity ratio

The non-dimensional static load capacity is closely related to the variation of the centre position of the shaft.
The difference between the centre of the housing and the centre of the shaft is defined as the eccentricity, e,
and the radial direction gap between the shaft and the top foil is defined as the clearance, C.

The clearance and eccentricity ratio are calculated using Formula (5):

Co = [D-d-2(Hy+1)]/2

(®)

© 1SO 2012 — All rights reserved
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e=elC
where

Cr is the clearance of foil bearing, in micrometres (um);

D is the inner diameter of bearing housing, in millimetres (mm);

is the shaft diameter, in millimetres (mm);

Hp is the height of bump foil, in millimetres (mm);

llf is the thickness of top fail, in millimetres (mm);

: is the eccentricity ratio;

4 is the eccentricity, in micrometres (um).
Figure 4 presents the relationship between the eccentricity ratio and the non-dimensional static Ipad capacity.

repoft (see Annex B). As shown in Figure 2, the displacement sensors are installed at right angles fo each other
at both ends of the bearing housing, and the displacements of the shaft centre may be observed Ipy measuring
and qomparing the values. Using these displacements, the eccentricity’and the eccentricity ratio gdre calculated
and written in the report (see Annex B). In this case, the arithmetic-mean value of two values meapured at both
endslis applied.

The ¢learance is the value determined whenever designing and fabricating the.bearing, and is noled in the test

5] 1
)
4 4
2
Y 3
2 e
1 -
0 e
0 1 2 3 4
X
Key
X  efcentricity ratio
Y npn-dimensional static load capacity
1 ekperiment
2 chrvefit

Figure 4 — Typical relationships between the eccentricity ratio and
non-dimensional static load capacity

7 Friction coefficient

The friction force and the friction coefficients are the characteristic values used to represent the primary
characteristics of the foil journal bearing. The values may be calculated using measured friction force, Fs, at

© 1S0O 2012 — All rights reserved 9
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the steady-state and static load capacity, Fw s, from the load estimation

system by the prestated meth

Formula (1) and 5.3:

od in

(6)

u=FslFws
where
u is the friction coefficient;
Fs is the friction force at steady-state;
Fws is-the-staticload-capasity-

The friction f
friction force
calculated ug
determine th

8 Durability test and lifetime
8.1 Test procedure
The durability test of the foil bearing may be performed by repeating the‘start-stop test described in 5.2

static load ¢4

8.2 Deteri

The hydrody
the top foil 4
value due to
decreased. A
range of abo|

If the top foll
the bearing (g
is set as the

In all other c
or whenever
(see Annex H

The wear rat|

9 Testre

orce generated between the shaft and the top foil in the initial operation is the maximum

The maximum friction coefficients calculated using the maximum static friction force shoy
bing Formula (6) above and reported in the test report (see Annex B) as an impertant fac
b lifetime of the shaft and the bearing.

pacity, Fw,s, as the applied load.

mination of lifetime

namic force generated by the rotation of the shaft is greatly affected by the clearance, Cy, bet
nd the shaft, as explained in Clause 9. That is, where the clearance exceeds the appro

ccordingly, the amount of wear should be regulated to guarantee that clearance is in the p
ut 100 pm in a typical type of foil hearing.

s coated with a solid lubricant or. other material(s) and the coating itself has an important effe
erformance, the total numlsen of revolutions of the shaft where the coating layer has disapps
ifetime of the bearing, and should be written down in the test report (see Annex B).

hses, the lifetime is the total number of revolutions of the shaft before the wear rate of the td
the shaft reaches-20 % of the thickness of the top foil, and should be recorded in the test

).

b is estimated after each 100 cycles of the start-stop test.

static
Id be
for to

using

ween
Driate

wear of the top foil and/or the shaft, performance metrics, such as static load capacity, can be

roper

cton
pared

p foil
eport

Port

The test report (see Annex B) should contain the following:

a) the bearing parameters;

b) the test conditions;

c) the test methods;

d) the loading methods;

e) the testlocation;

10 © 1S0 2012 — All rights reserved
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f)  the date;
g) the operator’s name;

h) the test results.

© 1S0O 2012 — Al rights reserved 1
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Annex A
(normative)

The configuration of a typical foil journal bearing

The foil journal bearing consists of a bearing housing, a bump foil or elastic foundation with a similar function,
the top foil set between the above elastic foundation and the shaft, as shown in Figure A.1.

An additiona| casing outside of the bearing housing may be added according to design conditions.

Secure the dearance between the shaft and the top foil to generate the air film by hydrodynamicforce gs the

shaft rotates

The configurption of the bump foil and top foil is described in Figure A.2.

D 0o WN -

12

top foil
bump foil
shaft
bearing h
trailing ed

leading eqge

using
pe

Figure AT — The configuration of a typical foil journal bearing

© 1SO 2012 — All rights reserved
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LV / 3
TN /[ -2
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4
Key
1 shaft
2 top foll
3 bpmp-feirwith-hetght-ofHy
4 baring housing

Figure A.2 — Configurations of bump foil and top foil
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