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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

electrotech
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Attention is

patent rights. ISO shall not be held responsible for identifying any or all such patenttights. Details o

patent rights identified during the development of the document will be in the introduction and/c
the ISO list pf patent declarations received. www.iso.org/patents.

Any trade rlame used in this document is information given for the convehience of users and does
constitute gn endorsement.

The committee responsible for this document is ISO/TC 123, Plain bearings, Subcommittee SC 4, Met
of calculatign of plain bearings.

This second edition cancels and replaces the first edition (ISO 7902-1:1998), which has |
technically|revised.

ISO 7902 consists of the following parts, under the general title Hydrodynamic plain journal bea

under stead,

Part 1:
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nical standardization.
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Hydrodynamic plain journal bearings under steady-state
conditions — Circular cylindrical bearings —

Part 1:
Calculation procedure

1

This
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The
elect
oper]
of lo

plain bearing is subjected to a constant force rotating at any speed. Dynamic loadings, i.e.

mag
rapi

2
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ISO

ISO
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Scope

part of ISO 7902 specifies a calculation procedure for oil-lubricated hydrodynamic pla
complete separation of the shaft and bearing sliding surfaces by a film |of lubrica
bning plain bearings that are reliable in operation.

als with circular cylindrical bearings having angular spans, , 0of-360°, 180°, 150°, 12

calculation procedure serves to dimension and optimizé plain bearings in turbines,
ric motors, gear units, rolling mills, pumps, and othe¥ machines. It is limited to s
ation, i.e. under continuously driven operating cenditions, with the magnitude an
ading as well as the angular speeds of all rotating parts constant. It can also be app

hitude and direction vary with time, such as€an result from vibration effects and ing
I-running rotors, are not taken into account}

Normative references

following documents, in whole ‘o in part, are normatively referenced in this docum
pensable for its applicationiy For dated references, only the edition cited applies. B
ences, the latest edition af the referenced document (including any amendments) appli

B44.8, Industrial liquid Tubricants — ISO viscosity classification

1902-2:1998, Hydradynamic plain journal bearings under steady-state conditions — Circuld
ings — Part 2:<Functions used in the calculation procedure

7902-3, Hydrodynamic plain journal bearings under steady-state conditions — Circula
ings —-Part 3: Permissible operational parameters

n bearings,
t, used for

0°, and 90°,

hrc segment being loaded centrally. Their clearance geometry is-constant except fofr negligible
fmations resulting from lubricant film pressure and temperature.

generators,
teady-state
d direction
ied if a full
hose whose
tabilities of

ent and are
or undated
bS.

r cylindrical

- cylindrical

3

asis of calculation, nccnmpfinnc, and prprnndiﬁnnc

3.1 Thebasis of calculation is the numerical solution to Reynolds’ differential equation for a finite bearing
length, taking into account the physically correct boundary conditions for the generation of pressure:

ox

d d

+ -
ox

w3 P
ox

E) Rl

The symbols are given in Clause 5.

e8]

See References [1] to [3] and References [11] to [14] for the derivation of Reynolds’ differential equation
and References [4] to [6], [12], and [13] for its numerical solution.
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3.2 The following idealizing assumptions and preconditions are made, the permissibility of which has
been sufficiently confirmed both experimentally and in practice.

a)
b)

c)
d)

e)

f)
g)

h)

j)

k)
D

The lubricant corresponds to a Newtonian fluid.

All lubricant flows are laminar.

The lubricant adheres completely to the sliding surfaces.

The lubricant is incompressible.

The lubricant clearance gap in the loaded area is completely filled with lubricant. Filling up of the

unload

Inertia

bd area depends on the way the lubricant is supplied to the bearing.

effects, gravitational and magnetic forces of the lubricant are negligible.

The components forming the lubrication clearance gap are rigid or their deformation is neglig
their syrfaces are ideal circular cylinders.

The radii of curvature of the surfaces in relative motion are large in comparison with the lubri
film thicknesses.

The lubricant film thickness in the axial direction (z-coordinate) is constant.

Fluctug

are negligible.

There i

5 no motion normal to the bearing surfaces (y-coordinate).

The lubricant is isoviscous over the entire lubrication clearance gap.

The luhricant is fed in at the start of the bearing liner or where the lubrication clearance g

widest;|

the magnitude of the lubricant feed preSsure is negligible in comparison with the lubrj

film pr¢ssures.

3.3 The boundary conditions for the generation of lubricant film pressure fulfil the folloj
continuity qonditions:

In partial b

at the I¢ading edge of the pressuve profile: p(¢q,z)=0;

at the bearing rim: p(¢,25%B/2)=0;

atthet

railing edge of the pressure profile: p[(pZ (z),z] =0;

Bp/a(p[ ®, (Z),Z:I=0 :

For some tylpescand sizes of bearing, the boundary conditions may be specified.

PPOeTY P Ao B

ible;

cant

tions in pressure within the lubricant film normal to thé\bearing surfaces (y-coordinate)

hp is
cant

ving

afince £ T oo aticfiad
CaTTITS S, 1T T OT T (2 15 SactrSTIctr.

¢2—(”—ﬁ)<%

then the trailing edge of the pressure profile lies at the outlet end of the bearing:

p(@=0;,2)=0

(2)

(3)

3.4 The numerical integration of the Reynolds’ differential equation is carried out (possibly by
applying transformation of pressure as suggested in References [3], [11], and [12]) by a transformation
to a differential formula which is applied to a grid system of supporting points, and which results in a
system of linear formulae. The number of supporting points is significant to the accuracy of the numerical

© ISO 2013 - All rights reserved
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integration; the use of a non-equidistant grid as given in References [6] and [13] is advantageous. After
substituting the boundary conditions at the trailing edge of the pressure profile, integration yields the
pressure distribution in the circumferential and axial directions.

The application of the similarity principle to hydrodynamic plain bearing theory results in dimensionless
magnitudes of similarity for parameters of interest, such as load-carrying capacity, frictional behaviour,
lubricant flow rate, and relative bearing length. The application of magnitudes of similarity reduces the
number of numerical solutions required of Reynolds’ differential equation specified in ISO 7902-2. Other
solutions may also be applied, provided they fulfil the conditions laid down in ISO 7902-2 and are of a
similar numerical accuracy.

3.5
shal

In special cases, operational parameters deviating from ISO 7902-3 may be agreed upon

appl

4

4.1
opef

parameters determined under varying operating conditions) shall therefore lie within tl

pern
cont

4.2
achi
oper]
bear
heay
slow
idea
In ce

4.3
defo

4.4
also

4.5
all ¢

IS0 7902-3 includes permissible operational parameters towards which the result of thg
be oriented in order to ensure correct functioning of the plain bearings.

cations.

Calculation procedure

Calculation is understood to mean determination of correct ppéeration by computation
ating parameters (see Figure 1), which can be compared with'‘0perational parameters. T}

hissibility as compared with the operational parameters:To this end, all operating condit
inuous operation shall be investigated.

Freedom from wear is guaranteed only if complete separation of the mating bear
bved by the lubricant. Continuous operation inthe mixed friction range results in failure
ation in the mixed friction range, for example starting up and running down machine
ings, is unavoidable and does not generally result in bearing damage. When a bearing is

v load, an auxiliary hydrostatic arrangement may be necessary for starting up and runnir
speed. Running-in and adaptive wear to compensate for deviations of the surface geome
are permissible as long as they are limited in area and time and occur without overloa
rtain cases, a specific running«in procedure may be beneficial, depending on the choice

The limits of mechanicaHoading are a function of the strength of the bearing material. Sligh
Fmations are permissible as long as they do not impair correct functioning of the plain bea

from the viscosity-temperature relationship and by degradation of the lubricant.

A correct calculation for plain bearings presupposes that the operating conditions ar
hseés\of continuous operation. In practice, however, additional influences frequently d

calculation

for specific

using actual
le operating
he range of
ions during

ng parts is
Short-time
5 with plain
bubjected to
1lg down ata
try from the
ding effects.
f materials.

[ permanent
ring.

The limits of thermal loading result not only from the thermal stability of the bearing material but

b known for
ccur, which

are

mknown at the dpqign stage and cannot always he prpdir‘tpd The npplirn’rinn of an

Appropriate

safety margin between the actual operating parameters and permissible operational parameters is
recommended. Influences include, for example:

— spurious forces (out-of-balance, vibrations, etc.);

© IS0 2013 - All rights reserved
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Input dimensions and parameters:
A, B, ¢, C, D, Dmax, Duin, D), Dy 100 Dy i Fy g,y
Den, Rzg, Rz], Tamb,l Ten, ), 0, wg, ),
feeding elemen#s,
viscosity parameters of lubricant

Variable quantity no International Standard
Re<41,3 [o/c not applicable
. no . .
Operating parameter Redimensioning
D= Plim

By lubricant (force
feed lubrication)

(b)

By cogvection
a)

|
'

Variable quantities
Tegps Mests Yerr
So

Psins Py @, B

Cooling by
convection?

@

Coeling by
convection

(@)

Operating parameter

Redimensioning
Tg* Tex < Ty

Redimenfioning Operating parameter

i 2 iy

Cooling possible by
lubricant?
(force feed lubrication)

(b)

Provide cooling by lubricant
(force feed lubrication)
(b)

T

Figure 1 — Outline of calculation

Redimensioning

Results output

— deviations from the ideal geometry (machining tolerances, deviations during assembly, etc.);
— lubricants contaminated by dirt, water, air, etc.;
— corrosion, electrical erosion, etc.

Data on other influencing factors are given in 6.7.

4.6 The Reynolds number shall be used to verify that ISO 7902-2, for which laminar flow in the
lubrication clearance gap is a necessary condition, can be applied:

© ISO 2013 - All rights reserved
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Re= = 2 <413
n v CR eff

CReff CReff
pUj 2 DNy

D

ISO 7902-1:2013(E)

4)

In the case of plain bearings with Re >41,3, /D/CR,eff (for example as a result of high peripheral speed),

higher loss coefficients and bearing temperatures shall be expected. Calculations for bearings with

turbulent flow cannot be carried out in accordance with this part of ISO 7902.

4.7 The plain bearing calculation takes into account the following factors (starting with the known

bear

g Al ancinnge an donorational da+00.

Allt
The

For

5

See

(TS O C T STOTIS o o peTotroTar oota

Lhe frictional power rate;
the lubricant flow rate;
the heat balance.

hese factors are mutually dependent.

the relationship between load-carrying capacity and lubricant film thickness;

solution is obtained using an iterative method; the sequence.is outlined in the flow chartin Figure 1.

pptimization of individual parameters, parameter variation can be applied; modification of the
calculation sequence is possible.

Symbols and units

Figure 2 and Table 1.

Minimum lubricant film thickness, hAmin:

whe

If

nin =— L _e=0,5Dy (1-¢)

e the relative eccentridity, ¢, is given by

T
’2—(”—ﬂ)<5

(5)

(6)

(7)

then

hpin =0,5Dy (1+€cosg,)

© IS0 2013 - All rights reserved
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6 Definition of symbols

6.1 Load-carrying capacity

A characteristic parameter for the load-carrying capacity is the dimensionless Sommerfeld number, So:

So=

span of bea
thermal eff

The relative
and positio
introduced
before it. Fa

2
_ PV e
DBn ogr oy,

Values of So as a function of the relative eccentricity, ¢, the relative bearing length, B/D, and the angular

=SO[8,E,.QJ
D

o aYe ra alod AV~

r this reason, it is useful to know the attitude angle, £.

(9)

eccentricity, ¢, together with the attitude angle, 8 (see ISO 7902-2), describes the magnitude
1 of the minimum thickness of lubricant film. For a full bearing (2 = 360°), the oil should be
at the greatest lubricant clearance gap or, with respect to the direction of sotation, shortly

Figure 2 — Illustration of symbols

Table 1 — Symbols and their designations

Symbol Designation Unit
A Area of heat-emitting surface (bearing housing) m?2
bg Width of oil groove m
B Nominal bearing width m
c Specific heat capacity of the lubricant J/(kg-K)
C Nominal bearing clearance m
6 © IS0 2013 - All rights reserved
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Table 1 (continued)

Symbol Designation Unit
CReff Effective bearing radial clearance m
dy, 0il hole diameter m
D Nominal bearing diameter (inside diameter) m
Dy Nominal shaft diameter m
Dj,max Maximum value of Dj m
Dj,min Minimum value of Dy m
Dmak Maximum value of D k" m
Dmid Minimum value of D QQ\ m
e Eccentricity between the axis of the shaft and the bearing axis R f\ i m
E Modulus of elasticity ,-\Q(l/ 1
f Coefficient of friction A/\V) 1
F Bearing force (nominal load) N
Fr Friction force in the loaded area of the lubricant film ,&\J N
Ff' Frictional force in the unloaded area of the lubricantQmU N

D

G Shear modulus N\ 1
h Local lubricant film thickness AS\\)‘ m
Nlim Minimum permissible lubricant film thi@ze)ss m
Nmin Minimum lubricant film thickness n@ m
hway Waviness of sliding surface A\v m
hwayeff Effective waviness of slidin\g' §$&'}ace m
hway efflim Maximum permissiblegﬁ(@\;/e waviness m
ka Outer heat transmissio\a)c‘oefficient w/(m2-K)
Ig Length of oil grg@ ) m
Ip Length of oil Q'o}k)et m
Ly Length g,fi"ing housing Rotational m
Np Freq@h\c:fof the bearing Rotational sl
Nf ngag;lcy of the bearing force Rotational sl
N; ?Pequency of the shaft s71
p '\%\' Local lubricant film pressure Pa

p O’s\h Specific bearing load Pa
Pen — Lubricant feed pressure Pa
Plim Maximum permissible lubricant film pressure Pa
Plim Maximum permissible specific bearing load Pa
Pt Frictional power w
Pip Heat flow rate \\
Pth,amb Heat flow rate to the ambient \\
Pin f Heat flow rate due to frictional power \\
Pih,L. Heat flow rate in the lubricant w
Q Lubricant flow rate m3/s

© IS0 2013 - All rights reserved
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Table 1 (continued)

Symbol Designation Unit
Q1 Lubricant flow rate at the inlet to clearance gap m3/s
Q2 Lubricant flow rate at the outlet to clearance gap m3/s
Q3 Lubricant flow rate due to hydrodynamic pressure m3/s
Q; Lubricant flow rate parameter due to hydrodynamic pressure 1
Qp Lubricant flow rate due to feed pressure m3/s
Q; Lubricant flow rate parameter due to feed pressure }b
Rzp Average peak-to-valley height of bearing sliding surface ) 7m
Rz Average peak-to-valley height of shaft mating surface A ,\ - m
Re Reynolds number ‘O\QV 1
So Sommerfeld number ,.\/ - 1
Tamb Ambient temperature \%U °C
Ts Bearing temperature (S\\\ °C
Tg,0 Assumed initial bearing temperature {\<( - °C
Tg1 Calculated bearing temperature resulting from iteratiogQMedure °C
Ten Lubricant temperature at bearing entrance kQ\.\ °C
Tex Lubricant temperature at bearing exit “Q) ) °C
Tex,0 Assumed initial lubricant temperature at beg@}\exit °C
Tex1 Calculated lubricant temperature at beari'\xgé‘;(it °C
Ty Shaft temperature xO B °C
Tlim Maximum permissible bearing teg@'é'rature °C
TL Mean lubricant temperature ) C)\\ °C
Us Linear velocity (periphpn%ls}peed) of bearing m/s
Uj Linear velocity (peri@\rél speed) of shaft m/s
Va Air ventilating v&@fy m/s
CoordinateRﬁs}lTél to the sliding surface in the circumferential direction m
y Coordin@ﬁy%rpendicular to the sliding surface m
z Coor@-&%’f\e parallel to the sliding surface in the axial direction m
alB [‘j\f@}/heat expansion coefficient of the bearing K-1
aly p:i}%ear heat expansion coefficient of the shaft K-1
B —Attitudeamgte famgrtar posttiomof thestafteccentricity Tetated-to-thedirectiorn a
of load)
)] Angle of misalignment of the shaft rad
£ Relative eccentricity 1
n Dynamic viscosity of the lubricant Pa:s
Neff Effective dynamic viscosity of the lubricant Pa's
1% Kinematic viscosity of the lubricant Pa-s
I3 Coefficient of resistance to rotation in the loaded area of the lubricant film 1
&' Coefficient of resistance to rotation in the unloaded area of the lubricant film 1

8 © IS0 2013 - All rights reserved
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Table 1 (continued)
Symbol Designation Unit
& Coefficient of resistance to rotation in the area of circumferential groove 1
Ep Coefficient of resistance to rotation in the area of the pocket 1
p Density of lubricant kg/m3
Angular coordinate in the circumferential direction rad
®1 Angular coordinate of pressure leading edge rad
@2 Angular coordinate of pressure trailing edge rad
14 Relative bearing clearance 1
73 Mean relative bearing clearance 1
Ve Effective relative bearing clearance 1
WV mdx Maximum relative bearing clearance 1
Y mih Minimum relative bearing clearance 1
wBR Angular velocity of bearing s71
Wh Hydrodynamic angular velocity s71
wj Angular velocity of shaft sl
0 Angular span of bearing segment °
Qg Angular span of lubrication groove °
Qp Angular span of lubrication pocket °
6.2 | Frictional power loss
Friction in a hydrodynamic plain bearing due to viscous shear stress is given by the coefficient of friction
f=F}/F and the derived non-diménsional characteristics of frictional power loss £ and f /y/l.¢
F,
__ TV eff (10)
DB g oy
| A (11)
| 873 So
They are applied if the frictional power loss is encountered only in the loaded area of the lubricant film.
Itis §till'necessary to calculate frictional power loss in both the loaded and unloaded areas then the values
J
f} Ff Iél -
Vet
are substituted by:
v S
frFe.8 ——
Vet

in Formulae (10) and (11). This means that the whole of the clearance gap is filled with lubricant.

The values of f/y ¢ and f’/y . for various values of &, B/D, and Q2 are given in ISO 7902-2. It also gives

the approximation formulae, based on Reference [15], which are used to determine frictional power loss
values in the bearings, taking account of the influence of lubricating pockets and grooves.

© IS0 2013 - All rights reserved
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The frictional power in a bearing or the amount of heat generated is given by:

Py =Py,

D
=fF—w
f 5> @h

: D
Pf:f'FEwh

6.3 Lubr

The lubrica
build-up in

lubricant flgw rate, resulting from the build-up of hydrodynamic pressure.

Q3 =D>

*
where Q3 =

Thereisals
diverging, p
this propor

The lubrica

icant flow rate

(12)

(13)

RSN I NS RPN N 3 £ £31 £1..1 a3 4 A3 £l 1:d: £ 1
ITICU LU LI UTdadl 1115 ITUT 1115 d 111111 Ul Tuouricalit DCPC(I aL1115 LIIc .)uulus Ul 1Idtts,. T11C lJl T

this film forces lubricant out of the ends of the bearing. This is the proportion Q ‘0

*
RIONO

Qs (¢,B/D, & )is given in 1SO 7902-2.

b a flow of lubricant in the peripheral direction through the narrewest clearance gap int
ressure-free gap. For increased loading and with a small lubrjcdtion gap clearance; how
Fion of the lubricant flow is negligible.

ht feed pressure, pep, forces additional lubricant out of'the ends of the plain bearing. T}

sure
F the

(14)

b the
bver,

1is is

the amount|Q;, of the lubricant flow rate resulting from feed pressure:

3
V" effPen Q*
p
Neff

(15)

where Q, ={Q, (¢,B/D,Q)is given in ISO 7902-2.

The
onal

joves

6.3.1 Lub
lubricant fe

hydrostatic
and lubricaf

[ricant feed elements are lubrication holes, lubrication grooves, and lubrication pockets
bd pressure, pen, should be markedly less than the specific bearing load, p, to avoid additj
loads. Usually, pen lies between 0,05 MPa and 0,2 MPa. The depth of the lubrication gro
ion pockets is considerablygreater than the bearing clearance.

6.3.2 Lub
The recesse
direction. If

tion.
hxial
Ition

Irication grooves aréeléments designed to distribute lubricant in the circumferential dired
s machined intd“the sliding surface run circumferentially and are kept narrow in the
lubrication grooves are located in the vicinity of pressure rise, the pressure distribt
is split into|two independent pressure “hills” and the load-carrying capacity is markedly reduced|(see
Figure 3). I this case,)the calculation shall be carried out for half the load applied to each half beafring.
However, b¢cause ®f the build-up of hydrodynamic pressure, @3, only half of the lubricant flow rate ghall
be taken info account when balancing heat losses (see 6.4), since the return into the lubrication grpove
plays no paft-in dissipating heat. It is more advantageous, for a full bearing, to arrange the lubricgtion
groove in the unloaded part. The entire lubricant flow amount, Qp, goes into the heat balance.

6.3.3 Lubrication pockets are elements for distributing the lubricant over the length of the bearing.
The recesses machined into the sliding surface are oriented in the axial direction and should be as short
as possible in the circumferential direction. Relative pocket lengths should be such shall b, /B < 0,7.
Although larger values increase the oil flow rate, the oil emerging over the narrow, restricting webs at the
ends plays no part in dissipating heat. This is even more true if the end webs are penetrated axially. For
full bearings (2 = 360°), a lubrication pocket opposite to the direction of load as well as two lubrication
pockets normal to the direction of loading are machined in. Since the lubricant flow rate, even in the
unloaded part of the bearing, provides for the dissipation of frictional heat arising from shearing, the
lubricating pockets shall be fully taken into account in the heat balance. For shell segments (2 < 360°),
the lubricant flow rate due to feed pressure through lubrication pockets at the inlet or outlet of the shell

10 © IS0 2013 - All rights reserved
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segment makes practically no contribution to heat dissipation, since the lubrication pockets are scarcely
restricted at the segment ends and the greater proportion of this lubricant flow emerges directly.

If the lubricant fills the loaded area of the bearing and there is no lubricant in the unloaded part, then
the heat dissipation counts as lubricant flow rate in the loaded part only.

1
| 2

Key
1 |ubrication hole
2 |ubrication groove

Figure 3

The [nfluence of the type and the:arrangement of the lubricant feed elements on the lubricant flow rate
are (lealt with in ISO 7902-2,

The pverall lubricant flow rate is given by:

0=03 (16)

for lubricant filling only the loaded area of the bearing;

0=0540, (17)

for lubricant filling the whole circular lubrication clearance gap including unloaded part, i.e. 2.

6.4 Heat balance

The thermal condition of the plain bearing can be obtained from the heat balance. The heat flow, Py f,
arising from frictional power in the bearing, Py, is dissipated via the bearing housing to the environment
and the lubricant emerging from the bearing. In practice, one or other of the two types of heat dissipation
dominates. By neglecting the other, an additional safety margin is obtained during the design stage. The
following assumptions can be made:

a) Pressureless-lubricated bearings (for example ring lubrication) dissipate heat mainly through
convection to the environment: Pih f = Pth,amb

b) Pressure-lubricated bearings dissipate heat mainly via the lubricant: Py f = Pth,L

© IS0 2013 - All rights reserved 11
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6.4.1 Heat dissipation by convection

Heat dissipation by convection takes place by thermal conduction in the bearing housing and radiation
and convection from the surface of the housing to the environment. The complex processes during the

heat transfe

Pth,amb = kAA(TB -

r can be summed up by:

T

amb )

where
kA = 15 3
or, by ventil
kA = 7+

(See Refere

Should the 4
can be used

— forcyli
A=2"%
4

— forped

where
By ist
Dy ist

ist

ating the bearing housing with air at a velocity of V, > 1,2 m/s
12,/V,

hces [3] and [14].)

hdrical housings

bstal bearings

rea of the heat-emitting surface, 4, of the bearing housing not be known exactly, the folloy
as an approximation:

Dy%-D?)+xDyBy

H
By+—
)

)

ings in the machine structure

0 20)DB

he length of the axial housing;
he length of the outside diameter of the housing;

he length of the total height of the pedestal bearing.

(18)

(19)

ving

(20)

(21)

(22)

6.4.2 He

tdissipation via the Iubricant

In the case of force-feed lubrication, heat dissipation is via the lubricant:

P thL. =P
For mineral

pc=1,8

cQ (Tex _Ten )
lubricants, the volume-specific heat is given by:

x10°] /(m3 k)

From the heat balance, it follows that

Pih £ =Pih amb

12

(23)

(24)
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for pressureless-lubricated bearings and

Py =Py,

for pressure-lubricated bearings.

1:2013(E)

This gives bearing temperature, Tg (see Reference [15]), and lubricant outlet temperature, Tex (See
Reference [15]). The effective film lubricant temperature with reference to the lubricant viscosity is

a)

in the case of pure convection: Tefr= Tg

b)

Ath
neay

The
pern

In t}
effeq
first

a)
b)

and
Tg1

are iteratively improved until the difference between the values with index 0 and 1 becoms

sma
iterd
cony

Pth,amb or Pih L, several temperature differences are assumed. If the heat flows Pih,amb = f (TH

(Tex)

6.5
The

star

The

n the case of heat dissipation via the lubricant: Teff = I_L =0,5 (Ten + Tex)

gh peripheral speed, it is possible to select, instead of these mean values, a températur]
er to the lubricant outlet temperature.

values calculated for Tg and Tex shall be checked for their permissibility(by“comparis
hissible operational parameters, Ty, given in ISO 7902-3.

e sequence of calculations, at first only the operational data Tyyp-0r Ten are known,
tive temperature, Teff, which is required at the start of the calculation. The solution is
starting the calculation using an estimated temperature rise, i€

TB’O - Tamb = 20 K
TeX,O - Ten = 20 K

or Tex 1, are obtained, which, by averaging with the temperatures previously assumed (7]
], for example 2 K. The condition then attained corresponds to the steady condition.

tive steps, the influencing factors given-in 6.7 shall be taken into account. As a rule, t

are plotted, then the steady condition is given by the intersection of the two curves (see

Minimum lubricangfilm thickness and specific bearing load

clearance gap, h, ina'circular cylindrical journal bearing with the shaft offset is a functi

1=0,5Dy o (1+€¢0s9)

[ing withl @ =¢, , in the widest clearance gap (see Figure 1).

minimum lubricant film thickness

e which lies

on with the

but not the
bbtained by

the corresponding operating temperatures, TefrcFrom the heat balance, corrected temperatures,

B,0 Or Tex,0),
s negligibly
During the
he iteration

erges rapidly. It can also be replaced:by graphical interpolation in which, for calculating Py f and

)or PehL=f
Figure A.1).

bn given by:

(25)

r="0-5D or—2)
=9 eff 1t ¢7

(26)

shall be compared with the permissible operational parameter, hjim, specified in ISO 7902-3.

The specific bearing load:
s F
P DB

(27)

shall be compared with the permissible operational parameter, pjim, specified in ISO 7902-3.
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6.6 Operational conditions

Should the plain bearing be operated under several, varying sets of operating conditions over lengthy
periods, then they shall be checked for the most unfavourable p, hpin, and Tg. First, a decision shall be
reached as to whether or not the bearing can be lubricated without pressure and whether or not the heat
dissipation by convection suffices. The most unfavourable thermal case shall be investigated, which, as
arule, corresponds to an operating condition at high rotary frequency together with heavy loading. If,
for pure convection, excessive bearing temperatures occur, which even by increasing the dimensions of
the bearing or of the surface area of the housing to their greatest possible extent cannot be lowered to

permissible

values, then force-feed lubrication and oil cooling are necessary.

If an opera
directly by
should be iy

The transit
the criteria
transition e

=1-]

and a trans

So,, =—
L))

F

Ling condition under high thermal loading (low dynamic lubricant viscosity) is follg
pne with high specific bearing load and low rotary frequency, this new operating cond
vestigated while keeping the thermal condition from the preceding operating point.

on to mixed friction is due to contact of the roughness peaks of the shaft and bearing u
for hyjjm specified in ISO 7902-3, whereby deformation is also to be taken)into accou
ccentricity:

hlim
D
El//eff
tion Sommerfeld number:
2
74 B
(¥ eff _ fle,—.02
B o Oy D

(see ISO 7902-2)

can be assi

speed) can Ipe determined. The transition condition can be described by just three coexistent parame|

In order to
appropriate
to the prev
immediatel
so that a y{
lowering of

pned to this value. Thus, the individuaktransition conditions (load, viscosity, and rg

be able to determine one of them{ the two others have to be substituted in the ma
to this condition. For rapid run{down of the machine, the thermal state corresponds m
ous continuously driven operating condition of high thermal loading. If cooling is shu
y when the machine is switched off, this can result in an accumulation of heat in the bea
bt more unfavourable value has to be selected for hefr. If the machine runs down sld
the temperature of the liibricant or bearing is to be expected.

wed
tion

nder
nt. A

(28)

(29)

tary
ters.
nner
bstly
t off
ring,
wly,
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6.7 Further influencing factors

The calculation procedure applies to steady-state operation, in particular for loading that is constant in
magnitude and direction and in which it is possible for the shaft and the bearing to rotate with uniform
speed. The effective angular velocity is given by:

o, =0y +0p (30)

The calculation procedure, however, also applies for the case of a constant load which rotates at an
angular velocity wr. In this case, the angular velocity is given by:

®, =0 +0p—20; (31)
For an out-of-balance force rotating with the shaft (wf = w), then:

®, =—0; +0p (32)
The pbsolute value of wp shall be used to calculate the Sommerfeld numbeér. It shall be borne jn mind that

in the case where wp < 0, the shaft eccentricity is at the angle -f (see Figure 4).

NOTE

The
deps
dete

All rotary motions and angular directions are positive with/respect to the direction of sh

M

lynamicviscosityisstrongly dependenton temperature. Itis thus necessary toknowthet
ndence of the lubricant and its specification (see ISO 3448). The effective dynamic visc

temperatures Tep and Tex and not from averaging the.dynamic viscosities n (Ten) and 1 (Tex)

aft rotation.

pmperature
PSIty, Neff, is

rmined by means of the effective lubricant film temperature, Teff; that is nefr results froin averaging

The |[dynamic viscosity is also pressure-dependent; but to a lesser degree. For bearings in Jteady-state
conditions and under the usual specific bearinag loads, p, the pressure dependence can, however, be
neglected. This neglecting of pressure dependency represents an additional design factor of safety.
For non-Newtonian lubricants (intrinsicdlly viscous oils, multi-range oils), reversible and frreversible
flucfuations in viscosity occur as a function of the shear loading within the lubricant clearapce gap and
of the service life. These effects ate investigated only for a few lubricants and are not taken into account
in IS0 7902 [Z].
The [operation bearing clearance results from the fit and the thermal expansion behaviouf of bearing
and fhaft. In the installed condition (20 °C), the relative bearing clearance is given by:
D oy =D
Vmax :M (33)
D
D —D
Vg S min ], max (34)
D
v=0,5 (Wmax 'H//min) (35)

The deciding factor in the calculation is the effective relative bearing clearance, Pefr, at the effective
lubricant film temperature, Tefr, which can be regarded (subject to the assumptions in 3.5) as the mean
temperature of bearing and shaft. Insofar, as the coefficients of linear expansion of the shaft, «;, and
of the bearing, a;g, do not differ, the clearance when cold (20 °C) is equal to the clearance when hot
(Tefr). Should shaft and bearing (bearing liner with housing) show different temperatures (T}, Tg) due to
external influences, then this shall be taken into account [see Formula (37)]. The linear expansion of the
thin bearing layer can be neglected.

© IS0 2013 - All rights reserved 15
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For coefficients of linear expansion which differ for shaft and bearing, the thermal change of the relative
bearing clearance is given by:

AW=(0¢1,B—O‘I,])(Teff—20 °c) (36)
Ay =0, (T —20°C) e (T —20°C) (37)
Vegf =Y +AY (38)

Permissibld operational values for the bearing clearance are given in ISO 7902-3.

wL>0 wy <0

Figure 4
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Annex A
(normative)

Calculation examples

1:2013(E)

A.1_Example 1

A fu]l bearing (2 = 360°) with dimensions D = 120 mm and B = 60 mm, operated undér. a|load F = 36
000|N at a rotational frequency, Nj, 33,33 s~1 is to be investigated. It is assumed that this operating
condition is the critical one for the heat balance. The bearing housing, of surface aréa 4 = 0,3lm2, and the
solid liner are made of aluminium alloy, the shaft being of steel. Oil is supplied viala hole with dj, = 5 mm,
dianpetrically opposite the loaded area in the bearing liner, as shown in Figure #:-The lubricant employed
is an oil of viscosity grade ISO VG 100 (see ISO 3448-3). First of all, an investigation is to bg made as to
whether the bearing can perform without force-feed lubrication. In this_case, heat dissipdtion occurs
only| by convection. The ambient temperature should be Tiy, = 40, °€-and the maximum permissible
beaijing temperature should be T}y, = 70 °C.

Should T, be exceeded, then force-feed lubrication with external oil cooling is to be provifled. In such
a cage, it is assumed that the lubricant is fed to the bearing at'an overpressure of pen = 5 x 1Q> Pa and an
oilr:Llet temperature of T = 58 °C.

Dimjensions and operational data

Bearfing force F=36000N

Rotdtional frequency of shaft Nj=33,33s71

Rotdtional frequency of bearing Ng=0s"1

Angtilar span 0 =360°

Maxjmum bore of bearing Dmax = 120,070 x 10-3
Minjmum bore of bearing Dmin = 120,050 x 10-3
Lubyication hole diameter d,=5x10"3m

Maximum diameéter of shaft Djmax = 119,950 x 10-3m
Minimum diameter of shaft Dj,min = 119,930 x 10-3[m
Relativébearing length B/D=0,5

Mean peak-to-valley height of bearing Rzp=2x10"0m

Mean peak-to-valley height of shaft Rzj=1x10-6m

Coefficient of linear expansion of bearing aip =23 x10-6K-1

Coefficient of linear expansion of shaft ap=11x10-6 K1

Lubricant oil ISO VG 100

© IS0 2013 - All rights reserved 17
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Tetf neff (Teff)

°C Pa:s

40 0,098

50 0,057

60 0,037

70 0,025
Area of heaf-emitting surface of the bearing nousing A=10,3m?
Heat transfer coefficient ka =20 W/(m2-K)
Ambient teIperature Tamb =40 °C
Lubricant inplet temperature for force-feed lubrication Ten = 58°C

Lubrication

Specific hedt by volume of the lubricant pc=1,8x"106]/(m3-K)
Limiting vqlues
Maximum germissible specific bearing load Plim = 10 x 106 Pa

Maximum j

Minimum p

Calculation based on the flow chart (see Figure 1)

Checkthela
lubricant dd

T

feed overpressure for force-feed lubrication Pen =5 x 10> Pa

ermissible bearing temperature T1im = 70 °C

ermissible lubricant film thickness hlim =9 x 10-6m

minar flow [see Formula (4)] at an assumed bearing temperature Tg o= 60 °Cand an assu
nsity p = 900 kg/m3:

120x1073% 33,33 x 1,48 x107> x 120 x 10> x 900

med

[A.1)

Re = =27,14
2x 05037
-3
<413 12910 - =1073,5
1,48 10 " x 120:%10
Re =27]14 <1073,5
From Formfila (27):
5= 36000 c 105 pa

A.2)

120x103%x60x 1073

The specific bearing p is permissible, since p <pji,

Heat dissipation by convection

Assumed initial bearing temperature

Tg,0 = Teff =

60 °C

Effective dynamic viscosity of the lubricant at Tefr = 60 °C from the input parameters

Neff = 0,037

18

Pa:s
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Relative bearing clearances [see Formulae (33), (34), and (35)]

(120,070 — 119,930) x10 3

-3
v = =1,166 7x 10
max 120x 1073
120,050 — 119,950)x1073 _
l//max=( 8 ) =0,833x107° (A-3)
120x 10"

¥=0,5(1,166 7+0,833)x10 > =103
Thermal change of the relative bearing clearance [see Formula (36)]

Ay =(23-11) x 107 (60-20) = 0,48 x 10> (A4)
Effe¢tive relative bearing clearance [see Formula (38)]
Yo = (1+0,48)x1073=1,48x 107 .

Effe¢tive angular velocity [see Formula (30)]

— Angular velocity of the shaft:

) =2x 7 x Ny =209,42s~" (A.6)

— Angular velocity of the bearing:

95 =0 (A7)

© IS0 2013 - All rights reserved 19
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®, =209,42+0=209,42 s 1 (A.8)

Sommerfeld number [see Formula (9)]:

36 000 x 1,482 x107°

So= 3 3 =1,408 (A9)
120x107°x60x1077x 0,037 x 209,42
Relative eccentricity (see ISO 7902-2):
e=f|S ,E,u\zu,773 {A.10)
b
Minimum Iybricant film thickness [see Formula (26) and Figure 1]:
i =05 % 120X 120 % 1,48 x 10 3% (1-0,773) = 20,2x 10 ° m (A.11)

Specific codfficient of friction [see Formula (10) and ISO 7902-2]:

S = [So,%,Q]z 3,68 (A.12)
YV off
Coefficient pf friction:
i =3,68x1,48x1073=5,45x1073 A.13
f_l// Xl//eff_f X1, X =9, X (L )
eff

Heat flow dpe to frictional power in bearing [see Formula (12)]:

-3
Pyp =5/45x1073x 36 000 x %209,42 =2465,3N-m/s =2465,3W (A.14)

Heat flow rate via bearing housing and shaft to the environment [see Formula (18)]
Pth,amb = 2( x 0,3 x (TB,l - 40)
From Py f 4 Pth,amb it follows thdt

4465,3
Tg1 =7

+40 =450/9 °C (4.15)
2px0,3

Since Tg,1 >[TB,0, thé\assumption of a bearing temperature of Tg,o = 60 °C has to be corrected.

Improved apsumption of the bearing temperature:

TI — 5 Fa¥e Walsall Ty Y 0 Fa¥ia) LACO O 142010
B,0 t 1= 7'5‘0 +U,Z(1'B,I ~ 1 B,0J — OU T U, 2 x(fJU,7 — UUJ = 1D0,10
NOTE The assumption can be presented in alternative ways.

The further steps of the iteration are given in Table A.1. In the fifth step of the calculation, the difference
between the assumed bearing temperature, T o, and the calculated bearing temperature, T 1, is less
than 1 °C. The bearing temperature, Tp, has thus been calculated to a sufficient degree of accuracy.

Since Tg > T}im, heat dissipation by convection does not suffice. This bearing has therefore to be cooled
by the lubricant (force-feed lubrication).
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Table A.1
Variable Unit Step of the calculation
1 2 3 4 5
Tgo = Teff °C 60 138,2 135,5 134,4 133,8
Neff Pa-s 0,037 0,003 6 0,003 9 0,003 95 0,004
Yeff 1 1,48 x 10-3 | 2,392 x 10-3 | 2,386 x 103 | 2,373 x 10-3 2,36 x 10-3
So 1 1,408 37,95 34,85 34,04 33,24
£ 1 0,773 0,977 0974 09738 0,973
Rmin m 20,2 x 10-6 3,3x10-6 3,72 x10-6 | 3,73 x10-6 3/82|x 10-6
J/bett 1 3,68 0,47 0,501 0,508 0,52
Py w 2 465,3 508,55 540,7 545,3 558,18
TB °C 450,9 124,8 130,1 131,2 133
TB,0 °C 138,2 135,5 134,4 138,8

Heat dissipation via the lubricant (force-feed lubrication)

© IS0 2013 - All rights reserved
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Assumed initial lubricant outlet temperature:

Tex0 = Ten +20°C=78"°C (A.16)
Effective lubricant film temperature (see 6.4):

Toir =0,5%(58 +78) =68 °C (A.17)
Effective dynamic viscosity of the lubricant at Tefr = 68 °C from the given parameters:

Negs = 0[027Pa-s (4.18)
Thermal mg¢dification of the relative bearing clearance [see Formula (36)]:

Ay =(43-11)x107® x (68-20) = 0,576 x 10> (A.19)
Effective reJative bearing clearance [see Formula (38)]:

Ve =(11+0,576)x 1073 = 1,576 x1073 (4.20)
Sommerfeld number [see Formula (9)]:

2 -6
So= 30 000 1'5736 <10 =2,19% 4.21)
120 x107°x60x107"x 0,027 x 209,42
Relative ecdentricity (see ISO 7902-2):
B

ng(Sc,E,Q):0,825 (4.22)
Minimum Iybricant film thickness [see Formula (26) and Figure 1]:

hin =0[5 % 120 1073 x 1,576 %1073 (1-0,825) = 16,35x 10 °m (4.23)
Specific codfficient of friction\sée Formula (11) and ISO 7902-2]:

s = A (SO,E,QJZ 2,78 (4.24)

Vet Vet D
Coefficient pf frigtion:

— ' ir =72 701 C7, 1!\_3_/1 Q01 1n—3 L
f - l’lett Ty 1T LyIJ7r'J eV = 1, UU XL PV, Ll .25)
Y eff
Heat flow rate due to frictional power in bearing [see Formula (12)]:
B 120x 1073

Py, ¢=4,881x10 3 %36 000 x 120x10°7 %x209,42=1981,7 N-m /s =1981,7 W (A.26)
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Q3 =120% x 1073 x 1,576 x 103 x 209,42 % 0,096 8 = 55,21 x 10 *m3 /s (A.27)
Lubricant flow rate due to feed pressure [see Formula (10) of [SO 7902-2:1998]:

2 3
5 5 5
=1,204 + 0,368 X — — 1,046 x| — | +1,942x| = | =1,228
o 60 (60) (60) (A.28)

3

N (1+0,825)
QP:EX /60\

lnL?Jxl,ZZS

=0,1304 (A.29)

120 x1077 x1,576% x 107 x 5 x 10°

0, x0,1304=16,33x10"°m?3 /s (A.30)
0,027
Lubticant flow rate [see Formula (17)]:
) = (55,21 + 16,33)x 10 7% =71,54x 10 °m3 /s (A.31)

Heaf flow rate via the lubricant [see Formula (23)]:

P =1,8x10°% 71,54 x 107° x (Toy —58) (A.32)
Sincg Pinf = Pth,L
1981,7 .
Tox1 81, +58=73,4:C (A.33)

"~ 1,8x10%%71,54x107°
Sincg Tex,1 < Tex,0, the assumption of a lubricant outlet temperature of Tex o = 78 °C has to belcorrected.

Improved assumption of the lubricaint putlet temperature:
T 0,5% (78 + 73,4) = 75;7°C (A.34)

ex,0 =

The further steps of the iteration are given in Table A.2.

Table A.2
Variable Unit Step of the calculation
1 2 3
A °C 58 58 b8
Fov °C 78 757 44,9
Teff °C 68 66,85 66,45
Neff Pa:s 0,027 1 0,028 3 0,028 7
Yeff 1 1,576 x 10-3 1,562 x 10-3 1,557 x 10-3
So 1 2,196 2,057 2,023
£ 1 0,825 4 0,824 6 0,818
hmin m 16,55 x 10-6 16,87 x 10-6 17 x 10-6
[/ bete 1 2,78 2,84 2,9
P¢ w 1981,7 2006 x 65 2 038,96
Q3 m3/s 55,21 x 10-6 54,49 x 10-6 54,09 x 10-6
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Table A.2
Variable Unit Step of the calculation
1 2 3
Qp m3/s 16,33 x 10-6 15,04 x 10-6 14,64 x 10-6
Q m3/s 71,54 x 10-6 69,53 x 10-6 68,73 x 10-6

Tex,1 °C 73,4 74 74,5

Tex,0 °C 75,7 74,9
In the thir p—ofthe—ealeulation,—thedifference between—theassumedinitial tubrieant—eptlet
temperature, Tex0, and the calculated lubricant outlet temperature, Tex 1, is smaller than 1,°Cy| The
lubricant oytlet temperature, Tex, has therefore been calculated to a sufficient degree of accufacy.
Since Tex < Thim, the lubricant outlet temperature is permissible.
Since hmin 3 hjim, the minimum lubricant film thickness is permissible.
Instead of the iteration calculation, itis possible to use graphical interpolation. This is done by perforiing

lubrication) are given. The fourth step of the calculation gives the same values as the graphical solu
shown in Figure A.1.

the

feed
tion

Table A.3
Variable¢ Unit Step of the calculation
1 2 3 4
Ten °C 58 58 58 58
Tex °C 62 82 102 74,87
Teff °C 60 70 80 66,44
Neff Pa:s 0,037 0,025 0,018 0,028 7
Yeff 1 1,48 x 10-3 1,6 x 10-3 1,72 x 10-3 1,557 x 1073
So 1 1,408 2,429 3,934 2,023
£ ¥ 0,771 0,8383 0,880 1 0,818
hmin m 20,34 x 10-6 15,52 x 10-6 12,37 x 10-6 17 x 10-6
S/ et 1 3,65 2,572 1,89 2,895
P w 2443,58 1861,5 1470,49 2 038,96
Q m3/s 57,54 x 10-6 75,46 x 10-6 99,05 x 10-6 68,73 x 1016
Pq w 414,2 3 259,87 7 844,76 2 087,06

24
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8000

6 000

4000 /

~L_ 2
/
0
45 50 60 66,570 80 °C
Teff
Figure A.1

A.2| Example 2

A palrtial bearing with dimensions D ="1 010 mm and B = 758 mm (2 = 150°) lubricated via 4 lubrication
pocKet, as shown in Figure A.2,with slight overpressure. According to 6.3, the oil flow rate|Qp plays no
part/in the heat balance. Heat{dissipation is thus due to the lubricant flow rate, Q3, alone, af a result of
gendration of internal pressure. The oil inlet temperature is Tepn = 24 °C. There is no diffefence in the
thermal expansion betwéen shaft, bearing liner, and bearing housing.

Dimjensions and operational data

Beatfing force F=106N
Rotdtionalfrequency of shaft Nj=1,4283s1
Angtlar velocity of shaft w; =y, =8,974 sl
Angular span 02=150°

Bearing bore D=1010x10-3m
Mean relative bearing clearance V= 1073

Thermal modification of the relative bearing clearance Ay =0

Relative bearing length B/D=0,75
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Lubricant oil ISO VG 46

Teff Nefr (Tefr)

°C Pa:s

20 0,132 4

30 0,072 1

40 0,043
Lubricant inlet temperature for force-feed lubrication Ten = 24 °C
Specific hedt by volume of the Tubricant pc=1,8x 100 ]/(m3-K]
Limiting vqlues
Maximum germissible specific bearing load Plim = 10 x.106 Pa
Maximum germissible bearing temperature T1im = 70%€
Minimum permissible lubrication film thickness him =19 x 10-6 m

Figure A.2

Calculation based on the flow-chart (see Figure 4)

Check the 2

and an assymed lubricant density p = 900 kg/m3:

1010%x1073% 1,428 3x 10 3x1 010 x 10 3% 900

Iminar flow [See’Formula (4)] at an assumed effective lubricant film temperature Teff = 4

0°C

Re=Z = 47,9
2x0,043
103
<41,3 =1306 (A.35)
Re = 47,9 <1306
Flow is laminar. Thus, ISO 7902 is applicable in this case.
From Formula (27):
_ 10° 6
D= =1,306x 10" Pa (A.36)

785

x 1073 x1010x 1073

The specific bearing load p is permissible, since p<p |,

26
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