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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Hydrodynamic plain journal bearings under steady-state
conditions — Circular cylindrical bearings —

Part 1:
Calculation procedure

1

This
com

Scope

document specifies a calculation procedure for oil-lubricated hydrodynamic'plain bes
blete separation of the shaft and bearing sliding surfaces by a film of lubricant, used fq

plaip bearings that are reliable in operation.

It dg
the
defo

The
gend
statq
of lo

als with circular cylindrical bearings having angular spans, , 0of.360°, 180°, 150°, 12
hrc segment being loaded centrally. Their clearance geometry is-constant except fo

Imations resulting from lubricant film pressure and temperature:.

calculation procedure serves to provide dimensions and)optimize plain bearings
rators, electric motors, gear units, rolling mills, pumps, ahd other machines. It is limite

ading as well as the angular speeds of all rotating parts constant. It can also be app

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

mag|
inst:

NOTE

hitude and direction vary with time), such_as those that can result from vibration
bilities of rapid-running rotors, are not takéf into account.

M

Equivalent calculation procedures exist that enable operating conditions to be estimated|

against acceptable conditions. The use of them-is equally admissible.

2

The
cons
und{

ISO
bean

ISO
bean

Normative references

titutes requirements-of this document. For dated references, only the edition cited

7902-2, Hydrodynamic plain journal bearings under steady-state conditions — Circula
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

irings, with
r designing

0°, and 90°,
Ir negligible

n turbines,
d to steady-

e operation, i.e. under continuously driven operating cenditions, with the magnitude afd direction

ied if a full
hose whose
effects and

and checked

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, thellatest edition of the referenced document (including any amendments) applies.

- cylindrical

- cylindrical

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC 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/

4 Symbols and units

Symbols and units are defined in Figure 1 and Table 1.

© IS0 2020 - All rights reserved
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Figure 1 — Illustration of symbols

Table 1 — Symbols and their designations

Symbol Designation Unit
A Area of heat-emitting surface (bearing housing) m?
b Width of lubrication groove m
bp Width of lubrication pocket m
B Nominal bearing width m
By Length of the axialdiousing m
cp Specific heat capaoity of the lubricant J/(kg-K
C Nominal beaping clearance m

CRieff Effective-béaring radial clearance m
d Lubrieation hole diameter m
D Nominal bearing diameter (inside diameter) m
Dy Length of the outside diameter of the housing m
D, Nominal shaft diameter m

D) max Maximum value of D, m

D min Minimum value of D, m

D« Maximum value of D m

Doin Minimum value of D m
e Eccentricity between the axis of the shaft and the bearing axis m

Coefficient of friction in the loaded area of the lubricant film (f = F¢/F) 1
f Coefficient of friction in both the loaded and unloaded area of the lubricant film 1
F Bearing force (nominal load) N
F; Friction force in the loaded area of the lubricant film N

2 © IS0 2020 - All rights reserved
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Table 1 (continued)

Symbol Designation Unit
F Frictional force in both the loaded and the unloaded area of the lubricant film N
h Local lubricant film thickness m

R Effective lubricant film thickness m
hg Depth of lubrication groove m
Niim Minimum permissible lubricant film thickness m
Rmin Minimum lubricant film thickness m
hp Depth of lubrication pocket A m
H Length of the total height of the pedestal bearing (D) m
ky Outer heat transmission coefficient N .‘],V W/(m?2:K)
Ng Rotational frequency of the bearing a P st
N Rotational frequency of the shaft AO\QV st
p Local lubricant film pressure ,.\' \" Pa
P Specific bearing load \O)U Pa
Pen Lubricant feed pressure A\\ Pa
Plim Maximum permissible lubricant film pressure A{( - Pa
Piim Maximum permissible specific bearing load ‘ Q\) Pa
P Frictional power ({\\}\ w
Py Frictional power in both the loaded and the g@)\aded area of the lubricant film w
Py, Heat flow rate \\.\ w
Phamp | Heat flow rate to the ambient .‘QQ‘ w
P £ Heat flow rate due to frictional poKéi\\ w
Pin L. Heat flow rate in the lubrican‘r\l_\v w
q. Coefficient related to lubr}'p?(&)?low rate due to feed pressure 1
qp Coefficient related to lubrieant flow rate from pocket 1
Q Lubricant flow ratg_\@ m3/s
Qs Lubricant flow r@‘t}efue to hydrodynamic pressure m3/s
Q; Lubricant f}g\@‘ate parameter due to hydrodynamic pressure 1
Q, Lubricam rate due to feed pressure m3/s
Ql’; Lubricant flow rate parameter due to feed pressure 1
Rzg érvs?rjge peak-to-valley height of bearing sliding surface m
Rz N \\’/erage peak-to-valley height of shaft mating surface m
Ii{\‘( Reynolds number 1
S Senmmerfeld-number 1
So, Transition Sommerfeld number 1
Tymb Ambient temperature °C
Ty Bearing temperature °C
Tg Assumed initial bearing temperature °C
Tg 1 Calculated bearing temperature resulting from iteration procedure °C
Toit Effective lubricant temperature °C
T, Lubricant temperature at bearing entrance °C
Toy Lubricant temperature at bearing exit °C
Tox 0 Assumed initial lubricant temperature at bearing exit °C
Tox1 Calculated lubricant temperature at bearing exit °C

© IS0 2020 - All rights reserved 3
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Table 1 (continued)

Symbol Designation Unit
T Shaft temperature °C
Tyim Maximum permissible bearing temperature °C
TL Mean lubricant temperature °C
Ug Linear velocity (peripheral speed) of bearing m/s
U Linear velocity (peripheral speed) of shaft m/s
v, Air ventilating velocity m/s
X Coordinate parallel to the sliding surface in the circumferential direction m-
y Coordinate perpendicular to the sliding surface (\(ﬂy\)
z Coordinate parallel to the sliding surface in the axial direction Vm
ap Linear heat expansion coefficient of the bearing X K1
a Linear heat expansion coefficient of the shaft Q\) K-1
B Attitude angle (angular position of the shaft eccentricity related to the dlcjmt‘}on °
of load) CA
£ Relative eccentricity [e = 2e/(D - D))] ’&\J 1
&, Transition eccentricity $ 1
n Dynamic viscosity of the lubricant ()Q\ Pa-s
Neff Effective dynamic viscosity of the lubricant \\\‘ Pa-s
1% Kinematic viscosity of the lubricant 5\ m?2/s
& Coefficient of resistance to rotation in the loaded a@ of the lubricant film 1
% Coefficient of resistance to rotation in both the l@ded and the unloaded area of 1
the lubricant film W
& Coefficient of resistance to rotation in t}g@g‘a of circumferential groove 1
& Coefficient of resistance to rotation{i\@h‘re area of the pocket 1
P Density of lubricant C)\\ kg/m?3
0] Angular coordinate in the ciréuniferential direction rad
o Angular coordinate of pl;e@\l:é leading edge rad
o Angular coordinate O,f-.Rhegsure trailing edge rad
v Relative bearing q@\ajnce 1
72 Mean relative );%ﬁi\ng clearance 1
Vot Effective re@q\.\/e bearing clearance 1
V nax Maxm]\l@‘felatlve bearing clearance 1
Vinin Mi m relative bearing clearance 1
wg @é{éﬁvelocity of bearing s1
Wg Angular velocity of rotating force s71
Wy Hydrodynamic angular velocity s71
Wy Angular velocity of shaft st
0 Angular span of bearing segment °
Qg Angular span of lubrication groove °
OQp Angular span of lubrication pocket °
4 © IS0 2020 - All rights reserved
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5 Basis of calculation, assumptions, and preconditions

5.1 Reynolds equation

The basis of calculation is the numerical solution to Reynolds equation for a finite bearing length,
taking into account the physically correct boundary conditions for the generation of pressure. Reynolds
equation is defined as Formula (1).

0 op\ 9 op oh
—| B E =B E =6n(U +Uy, | — 1
ax( ax}i-az( az) 77( " B)ax )

See References [3] to [5] and References [13] to [16] for the derivation of Reynolds(équation and
References [6] to [8], [ 4] and [15] for its numerical solution.

5.2 | Assumptions and preconditions

The following idealizing assumptions and preconditions are made, the permiissibility of which has been
sufficiently confirmed both experimentally and in practice.

a) [The lubricant corresponds to a Newtonian fluid.

b) All lubricant flows are laminar.

c) [Thelubricant adheres completely to the sliding surfaces.
d) [The lubricantis incompressible.

e) [The lubricant clearance gap in the loaded area i$'completely filled with lubricant. Fillihg up of the
linloaded area depends on the way the lubricant is supplied to the bearing.

f) [nertia effects, gravitational and magnetic forces of the lubricant are negligible.

g) [[he components forming the lubrication clearance gap are rigid or their deformation i negligible;
Lheir surfaces are ideal circular Cylinders.

h) [The radii of curvature of the-surfaces in relative motion are large in comparison with the lubricant
film thicknesses.

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

i) Fluctuations in-pressure within the lubricant film normal to the bearing surfaces (y-coordinate)
hre negligible;

k) [There is©i0 motion normal to the bearing surfaces (y-coordinate).

1) [Thedubricant is isoviscous over the entire lubrication clearance gap.

m) T‘]‘\n ]II]’\FII"\V\" lo Fnr‘ |n r\f the ctf\vf r\‘F fhe ]’\Dﬂ!‘l“r\' llnav OF ‘A‘I]‘\DFD f“\o ]n"\lﬂnf\flcn n]a'\vance gap ls

widest; the magnitude of the lubricant feed pressure is negligible in comparison with the lubricant
film pressures.

5.3 Boundary conditions

The boundary conditions for the generation of lubricant film pressure fulfil the following continuity
conditions:

— at the leading edge of the pressure profile: p(¢; ,z)=0;

— atthe bearing rim: p(¢,z=%2B/2)=0

© IS0 2020 - All rights reserved 5
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— at the trailing edge of the pressure profile: p[¢, (z),z]=0;

— 9p/39p, (2),2]=0.

For some types and sizes of bearing, the boundary conditions may be specified.
In partial bearings, if Formula (2) is satisfied:

/3

o, ~(r-B)<% @

Then the tratting edge of the pressure profite iies at the outiet end of the bearing 13:

p(9=p},2)=0

5.4 Basig of calculation

The numerikcal integration of the Reynolds equation is carried out (possibly by applying transformagtion
of pressure|as suggested in References [5], [13] and [14]) by a transformation-to a differential formula
which is applied to a grid system of supporting points, and which results in @ system of linear formfilae.
The numbef of supporting points is significant to the accuracy of the numerical integration; thg use
of a non-equidistant grid as given in References [8] and [15] is advantageous. After substityting
the boundajry conditions at the trailing edge of the pressure profile, integration yields the presjsure
distribution in the circumferential and axial directions.

The application of the similarity principle to hydrodynamic plaifvbearing theory results in dimensiomless
magnituded of similarity for parameters of interest, such as lead-carrying capacity, frictional behavjiour,
lubricant flpw rate and relative bearing length. The application of magnitudes of similarity reduces the
number of pumerical solutions required of Reynolds-équation specified in ISO 7902-2. Other solutions
may also b¢ applied, provided they fulfil the conditions laid down in ISO 7902-2 and are of a sirhilar
numerical gccuracy.

5.5 Permissible operational parameters

ISO 7902-3|includes permissible opérational parameters towards which the result of the calculdtion
shall be ori¢nted in order to ensure.correct functioning of the plain bearings.

In special dases, operational parameters deviating from ISO 7902-3 may be agreed upon for spgcific
applications.

6 Calculation procedure

6.1 Gendral

Calculation is understood to mean determination of correct operation by computation using actual
operating parameters (see Figure 2), which can be compared with operational parameters. The
operating parameters determined under varying operating conditions shall therefore lie within
the range of permissibility as compared with the operational parameters. To this end, all operating
conditions during continuous operation shall be investigated.

6.2 Freedom from wear

Freedom from wear is guaranteed only if complete separation of the mating bearing parts is achieved by
the lubricant. Continuous operation in the mixed friction range results in failure. Short-time operation
in the mixed friction range, for example, starting up and running down machines with plain bearings
is unavoidable and does not generally result in bearing damage. When a bearing is subjected to heavy
load, an auxiliary hydrostatic arrangement may be necessary for starting up and running down at a

6 © IS0 2020 - All rights reserved
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slow speed. Running-in and adaptive wear to compensate for deviations of the surface geometry from
the ideal are permissible as long as they are limited in area and time and occur without overloading
effects. In certain cases, a specific running-in procedure may be beneficial, depending on the choice of
materials.

6.3

The limits of mechanical loading

The limits of mechanical loading are a function of the strength of the bearing material. Slight permanent
deformations are permissible as long as they do not impair correct functioning of the plain bearing.

6.4
The

iy 1 . £ 11 3=
TIIC IS O LUICT Al 10dUlllyg

limits of thermal loading result not only from the thermal stability of the bearing@ate

fron} the viscosity-temperature relationship and by degradation of the lubricant.

6.5

Influencing factors

rial but also

A cofrrect calculation for plain bearings presupposes that the operating conditions are kjown for all
cases of continuous operation. In practice, however, additional influénces frequently o

are
safe

inknown at the design stage and cannot always be predicted.:The application of an
y margin between the actual operating parameters and permissible operational pa

recommended. Influences include, for example:

spurious forces (e.g. out-of-balance, vibrations);

ubricants contaminated by, for example, dirt,‘water, air;

rorrosion, electrical erosion.

Datd on other influencing factors are given-in 7.7.

6.6

The
clea

Reynolds number

Reynolds number shall be used to verify that ISO 7902-2, for which laminar flow in the
‘ance gap is a necessaryeondition, can be applied:

C C
pU] R eff 71’DN] R eff 5
Re= 2 o 2 <413

n v R eff

In tHe caseof'plain bearings with Re>41,3, /D/CR off (-8 asaresultof high peripheral sp

loss

coefficients and bearing temperatures shall be expected. Calculations for bearings wit

flowlcannot be carried outin accordance with this document

6.7

ccur, which
hppropriate
rameters is

eviations from the ideal geometry (e.g. machiningtolerances, deviations during assemnibly);

lubrication

3

bed), higher
h turbulent

Calculation factors

The plain bearing calculation takes into account the following factors (starting with the known bearing
dimensions and operational data):

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

— the frictional power rate;

— the lubricant flow rate;

— the heat balance.

© IS0 2020 - All rights reserved
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All these factors are mutually dependent.

The solution is obtained using an iterative method; the sequence is outlined in the flow chartin Figure 2.

For optimization of individual parameters, parameter variation can be applied; modification of the

calculation sequence is possible.

( Start )
!

Input dimensions and parameters:
A, B, C,, C, D, Dmax, Dyyin, D), D D,

min' Dy D) o Dy i

Rz, Rz, Ty Ten, 0y, 01, O, wp, )
£ i 'l .

F, kp, pen,

S
/ viscosity parameters of lubricant

Variable quantity’

Re < 41,3 D/VC

CR eff

Operating parameter

P < Piim

Cooling provided

By convection
(@

no International standard not
applicable
no
Redimensioning

By lubricant
(force feed lubricatign),
(b)

1

Variable quantities
Teff, neft, Yeff, SO, hmin, Pthf, Q, f

Cooling by
convection?

(@

no

Results output

. Cooling b;
Operating parameter convectgior}I,V Redimensioning
Tp o Tex < Ty @ ’
1 o
Redimensioning | Operating parameter
I Amin = Amax Cooling possible by
lubricant Redimensioning
(force feed lubrication)

> <

(b

Provide cooling by lubricant
(force feed lubrication)

)

Figure 2 — Outline of calculation
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7 Definition of symbols

7.1

Load-carrying capacity

1:2020(E)

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

Values of So as a function of the relative ec

spa
the t

The
and
intr
befo

7.2

Fricf
frict

They
It is
valu
This

The

the
loss

The

DEg 0 raYe Ao AVLS

hermal effects and the angular velocities of shaft, bearing, and bearing force (see 7.4 ar

elative eccentricity, ¢, together with the attitude angle, B (see ISO 7902-2), deseribes thg
position of the minimum thickness of lubricant film. For a full bearing (2 =360°), the o

still necessary to calculate frictional power loss in both the loaded and unloaded areg

es, f,F;,&,and L, are substituted by f’,F/,&’,and L,
Vet Vet

means that the whole of the clearance gap is filled with lubricant.

respectively in Formulae

values of f/y g ahd f’ /g for various values of &, B/D, and (2 are given in SO 7902-2.

hpproximation/formulae, based on Reference [17], which are used to determine frict
values in the bearings, taking account of the influence of lubrication pockets and groov

frictionalpower in a bearing or the amount of heat generated is given by Formulae (7)

D
F=Fin s =/F— 0,

(4)

magnitude
il should be

pduced at the greatest lubricant clearance gap or, with respect to the direetion of rotation, shortly
re it. For this reason, it is useful to know the attitude angle, 3.

Frictional power loss
ion in a hydrodynamic plain bearing due to viscous shed¥ stress is given by the cgefficient of
jon f= F/F and the derived non-dimensional characteristics/of frictional power loss {and f/w

DBneg o,

£ )
Ver SO
r are applied if the frictional power less is encountered only in the loaded area of the lubricant film.

s. Then the
(5) and (6).

[t also gives

onal power
S,

aind (8).
(7)

, D

© IS0 2020 - All rights reserved
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7.3 Lubricant flow rate

7.3.1 General

The lubricant fed to the bearing forms a film of lubricant separating the sliding surfaces. The pressure
build-up in this film forces lubricant out of the ends of the bearing. This is the proportion Q5 of the
lubricant flow rate, resulting from the build-up of hydrodynamic pressure.

03 =D3l//effth;

(9)

where Q; =

There is al{
the divergi

0; (¢,B/D,Q) is given in ISO 7902-2.

o a flow of lubricant in the peripheral direction through the narrowest clearanee gap
g, pressure-free gap. For increased loading and with a small lubrication gap.'Cleard

however, thjis proportion of the lubricant flow is negligible.

The lubrica
the amount

where Q; =

7.3.2 Lul

ht feed pressure, p,,,, forces additional lubricant out of the ends of the plaih bearing. T}
Q,, of the lubricant flow rate resulting from feed pressure as defined by Formula (10).

3
Veffpen

%

Metf
0, (¢,B/D,€) is given in IS0 7902-2.

ricant feed elements

Lubricant feed elements are lubrication holes, lubrication grooves, and lubrication pockets.

lubricant fe

additional hi
grooves ang

7.3.3 Lul

Lubrication|
The recesse
direction. I
is split intg
(see Figure
bearing. Hd

ed pressure, p,,, should be markedly less’than the specific bearing load, p, to 4

ydrostaticloads. Usually, p,, lies between 0,05 MPa and 0,2 MPa. The depth of the lubric3
| lubrication pockets is considerably-greater than the bearing clearance.

rication grooves

grooves are elements desighed to distribute lubricant in the circumferential direc
s machined into the sliding surface run circumferentially and are kept narrow in the
[ lubrication grooves(are located in the vicinity of pressure rise, the pressure distriby
two independent-pressure “hills” and the load-carrying capacity is markedly red
3). In this case-the calculation shall be carried out for half the load applied to each
wever, because/of the build-up of hydrodynamic pressure, @3, only half of the lubr}

into
Ince,

lis is

(10)

The
void
ition

tion.
hxial
tion
hiced
half
cant

the
b, to
the

flow rate shall be taken“into account when balancing heat losses (see 7.4), since the return intg
lubrication |groove-plays no part in dissipating heat. It is more advantageous, for a full bearin
arrange thd lubrication groove in the unloaded part. The entire lubricant flow amount, @, goes int
heat balancp

.

7.3.4 Lubrication pockets

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 as b,/B < 0,7. Although
larger values increase the lubricant flow rate, the oil emerging over the narrow, restricting webs at the
ends plays no partin 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
lubrication 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
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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.

Key
1 ubrication hole

2 |ubrication groove

Figure 3 — Lubricant film pressure in-béarings with lubrication groove

7.3.5 Lubricant flow rate

If th lubricant fills the loaded area of thé-bearing and there is no lubricant in the unloadefl part, then
the leat dissipation counts as lubricant\flow rate in the loaded part only.

The [nfluence of the type and theiarrangement of the lubricant feed elements on the lubricant flow rate
are dlealt with in ISO 7902-2.

The pverall lubricant flow-rate is given by

— for lubricant filling enly in the loaded area of the bearing:

Q=Q3 (11)

— for lubrieant filling in the whole circular lubrication clearance gap including unloaded part, i.e. 2m:

Q=0;+Q, (12)

7.4 Heat balance

7.4.1 General

The thermal condition of the plain bearing can be obtained from the heat balance. The heat flow,
Py, p 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 (e.g. ring lubrication) dissipate heat mainly through convection to
the environment: Py, ¢ = Py oy

© IS0 2020 - All rights reserved 11
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b) pressure-lubricated bearings dissipate heat mainly via the lubricant: Py, ¢= Py, | .

Calculation examples are introduced in Annex A.

7.4.2 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 transfer can be summed up by:

Pth,amb :kAA(TB _Tamb ) (13)

where

ky =(19 to 20) W/(m? K)

or, by ventilating the bearing housing with air at a velocity of V, > 1,2 m/s
ky =7+12,JV,

See Refererices [5] and [16].

Should the|area of the heat-emitting surface, 4, of the bearingthousing not be known exactly] the
following cdan be used as an approximation

— for cylipdrical housings:
A=2" (D% -D?)+xDyB,
4
— for pedpstal bearings:
A=nH (BH +g}

— for beafings in the machine strueture:

A=(]l5t020) DB

7.4.3 Heat dissipation via the lubricant

In the case pf foree-feed lubrication, heat dissipation is via the lubricant:

Pth,L =:E CpQ(TPY _Tpn ) (14)

For mineral lubricants, the volume-specific heat is given by:

pxc, =1,8x10°J/(m?3 K)

From the heat balance, it follows that Pth £ =P

th amb for pressureless-lubricated bearings and P s =P L

for pressure-lubricated bearings.

This gives bearing temperature, Ty (see Reference [17]), and lubricant outlet temperature, T,
(see Reference [17]). The effective film lubricant temperature with reference to the lubricant viscosity is

a) inthe case of pure convection: T ;= Ty, and
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in the case of heat dissipation via the lubricant: T = '1_"L =0,5 (T, + T,,)-

1:2020(E)

At high peripheral speed, it is possible to select, instead of these mean values, a temperature which lies
nearer to the lubricant outlet temperature.

The values calculated for Ty and T, shall be checked for their permissibility by comparison with the
permissible operational parameters, T);,, given in ISO 7902-3.

In the sequence of calculations, at first only the operational data T, or T,, are known, but not the
effective temperature, T, which is required at the start of the calculation. The solution is obtained by

first

starting the calculation using an estimated temperature rise, i.e.

a)
b)

and
Ty,

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

small, for example 2 K. The condition then attained corresponds to thé-steady condition.
iterdtive steps, the influencing factors given in 7.7 shall be taken intosaCcount. As a rule, t
converges rapidly. It can also be replaced by graphical interpolatiah'in which, for calculat
Py, ajp OF Py, 1, several temperature differences are assumed,<If the heat flows By . |
P 1 =f(Tex) are plotted, then the steady condition is given'by the intersection of the two
Figure A.1).
7.5 | Minimum lubricant film thickness and specific bearing load
The flearance gap, h, in a circular cylindrical jeiirnal bearing with the shaft offsetis a functi

h=0,5Dy ¢ (1+€cosg)
starfing with ¢=¢, , in the widest clearance gap (see Figure 1).
The minimum lubricant film thickness

nin =05 W og (1-€)
shal] be comparedawith the permissible operational parameter, hy;,, specified in ISO 7902-3.
The ppecific bearing load:

| F

D =+

DB

TB,O - Tamb = 20 K

lex0~ Ten=20K

pr T, 1, are obtained, which, by averaging with the temperatures previously’assumed (1

the corresponding operating temperatures, T, From the heat balance, corrected temperatures,

TB,O or Tex,O)r
s negligibly
During the
he iteration
ng Py, ¢ and

=f(Tg) or

curves (see

bn given by:

(15)

(16)

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

In partial bearings, if the follow formula is satisfied:

0, ~(n-p)<7

then

h i =0,5Dy (1+€ecose, )

© IS0 2020 - All rights reserved
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7.6 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, h

mine and Tg. First, a decision sha

11 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 a rule, 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

SOu :B

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 cdond
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 hy;,, specified in ISO 7902-3, whereby deformation is also to be taken)into accou
ccentricity:

hlim
D
o Vet
tion Sommerfeld number:
F 2
[Vetf  _ f(gu B g )
B Oy D

(see ISO 7

viscosity, aind rotary speed) can be determined. The transition condition can be described by just t
coexistent parameters. In order to be able to determine one of them, the two others shall be substit
in the manher appropriate to this condition. For rapid run-down of the machine, the thermal ;
correspondk mostly to the previous continueusly driven operating condition of high thermal loadij
cooling is shut off immediately when the machine is switched off, this can result in an accumulati

heat in the
down slowl

7.7 Further influencing factors

The calcula
magnitude
speed. The

@y =

02-2) can be assigned to this value. Thus;"the individual transition conditions (

pearing, so that a yet more unfavourable value shall be selected for h.. If the machine
y, lowering of the temperdture of the lubricant or bearing is to be expected.

Fion procedureapplies to steady-state operation, in particular for loading that is consta
hnd directiofiaiid in which it is possible for the shaft and the bearing to rotate with uni
pffective angular velocity is given by:

+ 0

wed
tion

nder
nt. A

oad,
hree
uted
tate
ng. If
n of
runs

nt in
form

(17)

The calculation procedure, however, also applies 1or the case oI a constant load which rotates a

angular velocity wyg. In this case, the angular velocity is given by:

“n =9

+ay —Za)F

For an out-of-balance force rotating with the shaft (wp = w)), then:

@, =—0y +0y

t an

The absolute value of w), shall be used to calculate the Sommerfeld number. It shall be borne in mind
that in the case where w), < 0, the shaft eccentricity is at the angle -f (see Figure 4).

NOTE

14
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The dynamicviscosity is strongly dependent on temperature. Itis thus necessary to know the temperature
dependence of the lubricant and its specification (see ISO 3448). The effective dynamic viscosity, 1., is
determined by means of the effective lubricant film temperature, T, that is 1. results from averaging
temperatures T, and T, and not from averaging the dynamic viscosities n(7,,,) and n(T,,).

The dynamic viscosity is also pressure-dependent, but to a lesser degree. For bearings in steady-state
conditions and under the usual specific bearing 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 (intrinsically viscous oils, multi-range oils), reversible and irreversible
fluctuations in viscosity occur as a function of the shear loading within the lubricant clearance gap

and pf'the service life. These effects are investigated only for a few TubricantslZI'and are ng
account in all parts of ISO 7902.
The [operation bearing clearance results from the fit and the thermal expansion behdviou
and phaft. In the installed condition (20 °C), the relative bearing clearance is giver by:
_ Dmax _D],min
/' max — D
_ Dmin _D],max
// min = D
F:O'S (Wmax ¥ hmin )
The [deciding factor in the calculation is the effective relative bearing clearance, ., at t
lubrjcant film temperature, T, which can be regarded (subject to the assumptions in 5.5)

temperature of bearing and shaft. Insofar as thecoefficients of linear expansion of the sh

of th
(Tege
to ej
the

For (
bear

e bearing, a;g, do not differ, the clearance when cold (20 °C) is equal to the clearang
. Should shaft and bearing (bearing liner with housing) show different temperatures
ternal influences, then this shall be'taken into account [see Formula (22)]. The linear ¢
hin bearing layer can be neglected:

oefficients of linear expansion which differ for shaft and bearing, the thermal change of]
ing clearance is given by:

ty=(0y -0 ;) (T 20 °C)

T,-20°C

Aw=aUBU§—20%ﬂ—au(]

)

V oir =V PAY

t taken into

" of bearing

(18)

(19)
(20)

he effective
hs the mean
aft, a;, and
e when hot
(T], Tg) due
xpansion of

the relative
(21)

(22)

(23)

Per

hissible npprqfinn:ﬂ values for the hpnring clearance are given in ISO 7902-3
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.

Figure 4 — Definition of the attitude angle
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Annex A
(informative)

Calculation examples

A.1 _Example 1

1:2020(E)

A full bearing (2 =360°) with dimensions D =120 mm and B = 60 mm, operated under alo6ad |
at a fotational frequency, N}, 33,33 s71is to be investigated. It is assumed that this operatir
is thie critical one for the heat balance. The bearing housing, of surface area A = 0,3 m?, a

=36 000N
g condition
hd the solid

lineq are made of aluminium alloy, the shaft being of steel. Oil is supplied via.@hole with|d; = 5 mm,
dianpetrically opposite the loaded area in the bearing liner, as shown imFigure 2. The lubricant
employed is an oil of viscosity grade ISO VG 100 (see ISO 3448). The lubricant has the temperature
depgndence shown in Table A.1. First of all, an investigation is to be made as to whether the bearing
can perform without force-feed lubrication. In this case, heat dissipation occurs only by |convection.
The pmbient temperature should be T, ,, = 40 °C and the maximum permissible bearing temperature
shoyld be T};,,, = 70 °C.

Shoyld T);,, be exceeded, then force-feed lubrication with extérnal oil cooling is to be provigled. In such
a cage, it is assumed that the lubricant is fed to the bearingsat an overpressure of p,, =5 x 10> Paand a
lubr{cant inlet temperature of T, = 58 °C.

Dimjensions and operational data

Bearing force F=36 000N

Rotdtional frequency of shaft N] =33,33s71

Rotdtional frequency of bearing Ng=0s71

Angplar span 0 =360°

Maxjmum bore of bearing D, .x =120,070 x 1073 m

Minjmum bore of bedring D, i, = 120,050 x 1073 m

Lubtication hole‘diameter d =5%x10"3m

Maxjmum diameter of shaft Dj max = 119,950 x 1073 m

Min1mum diameter of shaft Dy imin = 119,930 x 1073 m

Relative bearing length B/D=0,5

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

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

Coefficient of linear expansion of bearing  a;p =23 x 10" K1

Coefficient of linear expansion of shaft a;;=11x 1076 K1

Lubricant oil [SO VG 100

© IS0 2020 - All rights reserved 17
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Table A.1 — Temperature dependence of ISO VG 100

Area of heat

Tege Nefr (Tefr)
°C Pa-s
40 0,098
50 0,057
60 0,037
70 0,025
-emitting surface of the bearing housing A=0,3m?

Heat transfer coefficient

Ambient teIlperature
1

Lubricanti

Lubrication

et temperature for force-feed lubrication

feed overpressure for force-feed lubrication

Specific hedt by volume of the lubricant

Limiting vqlues

Maximum f

Maximum f

ermissible specific bearing load

ermissible bearing temperature

Minimum permissible lubricant film thickness

Calculation based on the flow chart (see Figure-2)

k, = 20 W/(m%K)
T

a

T, =58°C

mp =40°C

Pen =5 x 10 Pa

p % ¢, =1,8 x106]/(m3K)

Dyo~ 10 x 106 Pa
Ty = 70 °C

hyiy =9 x 1070 m

Check the laminar flow [see Formula (3)]%at an assumed bearing temperature Tg, = 60 °C anfl an
assumed lupricant density p = 900 kg/m;

Re =

TK120x103%x33,33x 1(48% 1073 x 120 x 1073 x 900

=27,14

<41,3x%

Re =27

2Xx0,037

=1073,5

120 xA0=3
1,48 x 10=3120 x 1073

,14 < 1.073,5

ula{16):

Using Form

36000 =5x 100 Pa

p=

120x103x60x 1073

The specific bearing p is permissible, since p<py; ..

18
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Heat dissipation by convection
Assumed initial bearing temperature:

Tg o= Tee=60°C

Effective dynamic viscosity of the lubricant at T ¢ = 60 °C from the input parameters:

Negr = 0,037 Pa-s

Relagive-bearing elearances{see Formutae 385 (49 and 20—
(120,070 - 119,930) x1073

=1,1667x1073
f max 120x 1073
_ (120,050 - 119,950)x10 _ oo 103
Vmin 120 x 10_3 ’

7=0,5%(1,1667+0,8333)x1073 = 1073

Thegmal change of the relative bearing clearance [see Formulai(21)]:

Ay =(23-11)x1070x(60-20)=0,48x1073

Effeg¢tive relative bearing clearance [see Formula (23}]:

Vo =(1+0,48)x1073 =1,48x1073

Effe¢tive angular velocity [see Formula (17]]:

— Angular velocity of the shaft:

@ =2xmxN; =209,42 srt

— Angular velocity ofthe’bearing:
@ =0
@, =209,42+0=209,42 s71

Sompierfeld number [see Formula (4)]:

S0 36 000 x 1,482 x 107°
120x103x60x 1073x 0,037 x 209,42

=1,413
Relative eccentricity (see ISO 7902-2):
B
ezf[So,E,Q ]: 0,773

Minimum lubricant film thickness [see Formula (15) and Figure 2]:

hin =0,5x120x10 ~3x1,48x1073x(1-0,773)=20,2x10° m
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Specific coefficient of friction [see Formula (5) and ISO 7902-2]:

f’
L%

B
=f| So,—,Q
f( 7

J=3,68

Coefficient of friction:

f’_ f

=X o =3,68x1,48x1073 =5,45x 103
eff

Heat flow due to frictional power in bearing [see Formula (7)]:

Pth,f =5

Heat flow r:

Pth,amb T

From Py, ¢ =

TB,l -

2
2

Since Tpg ;1 >

Improved a

i+1 _ T}
TB,O _Ti

NOTE T

120x 1073

45x1073x36 000x %x209,42=2465,3N-m/s =2465,3W

ite via bearing housing and shaft to the environment [see Formula (13)]

20 x 0,3 x (Tg; - 40)

Py, amp it follows that

th,am

465,3
D)< 0,3

)

+40=450,9°C

Ty, the assumption of a bearing temperature of T4= 60 °C shall be corrected.

ssumption of the bearing temperature:

Ti

,0+0,2( i

T} o) = 60+0,2x(450,9-60)=138,18

he assumption can be presented in alternative ways.

The furtherjsteps of the iteration are given in.Fable A.2. In the sixth step of the calculation, the difference
between the assumed bearing temperature, Tg o, and the calculated bearing temperature, Tg 4, i less
than 1 °C. The bearing temperature, Tz, has thus been calculated to a sufficient degree of accuracy.
Since Ty > T;,,,, heat dissipation by, convection does not suffice. This bearing has therefore to be cdoled
by the lubrirant (force-feed lubrication).
Table A.2 — Results of iterative calculations for heat dissipation by convection
i . Step of the calculation
Variable | Unit
1 2 3 4 5 6
Tgo=Togr | (€ 60 138,2 135,8 134,7 134 133,8
Nett Pas 0,037 0;0036 ;0038 09,0039 0;00% 0,004
Yerr 1 1,48 x1073 | 2,418 x1073 | 2,39x1073 | 2,376 x 1073 | 2,368 x 1073 | 2,365 x 1073
So 1 1,413 38,78 35,89 34,3 33,47 32,57
€ 1 0,773 0977 0,974 09738 0,973 0,972
hpin m 20,2 x 106 3,34 x 107 3,73 x 1076 3,74 x 1076 3,84 x 1076 3,97 x 1076
f/ s 1 3,68 0,47 0,501 0,508 0,52 0,528
P¢ W 2465,3 515,7 542,8 546 556,4 565,4
Tg1 °C 450,9 126,0 130,5 131 132,7 134,2
Té% °C 138,2 135,8 134,7 134 133,8
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Heat dissipation via the lubricant (force-feed lubrication)
Assumed initial lubricant outlet temperature:

T

ex,0

=T,,+20°C=78°C
Effective lubricant film temperature (see 7.4):

T, =0,5%(58+78)=68°C

Effective dynamic viscosity of the lubricant at T ¢ = 68 °C from the given parameters:

Noff =0,0271 Pa-s

Thermal modification of the relative bearing clearance [see Formula (21)]:

Ay =(23-11)x1070%(68-20)=0,576x1073

Effe¢tive relative bearing clearance [see Formula (23)]:

o =(1+0,576)x1073 =1,576x1073

Sommerfeld number [see Formula (4)]:

. 36 000 x 1,5762x 107°
120x 1073 x60x 1073% 0,027 1 x 209,42

= 2188
Relafive eccentricity (see ISO 7902-2):

B
3=f(50,5,9j= 0,825

Minimum lubricant film thickness [see Formula (15) and Figure 2]:

ho =0,5x120x1073x1,576x1073x(1-0,825)=16,55x10"° m

Spedific coefficient of friction [see Formula (6) and ISO 7902-2]:
‘f—:L(So,E,Q ):2,78
Vet Vet D

Coeffficient of friction:

’
Y " 2 701 E7os.10=3
ey 1O L,J7'J LU

=
L%i;

Heat flow rate due to frictional power in bearing [see Formula (7)]:

120x 1073
P, £ =4,381x1073x36 000x%x209,42:1 981,7N-m/s=1981,7W

Q3 =1203x1079x1,576x1073x209,42x0,096 8=55,21x1075 m3 /s
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Lubricant flow rate due to feed pressure [see ISO 7902-2:2020, Formula (6)]:
5 5 Y 5V
q;,=1,204+0,368x—-1,046X| — | +1,942x| — | =1,229
60 60 60

. m_ (1+0,825)°

Q) =——x
P
48 ln(6—;j>< 1,229

=0,1303

1203 x107% x1,5763 x 1079x 5x 10°

%0,1303=16,26x10"° m3 /s

p 0,027t
Lubricant flow rate [see Formula (12]]:

Q=(55,p1+16,26)x1070=71,47x107° m3 /s

Heat flow rate via the lubricant [see Formula (14)]:

— 6 —6
Py, 1 =1,8x10°x71,47 x10~°x(T,, ~58)

Sll’lce Pth,f = Pth,L

1981,7
1 8% 106% 71,47 x 10°6

+58=73,4°C

ex,0» the assumption of a lubricant outlet temperature of T, ,

=78 °C shall be corrected.

Since Ty 1 4 T

Improved apsumption of the lubricant outlet temperature:
Tox o =P5X (78 +73,4)=75,7°C
The further|steps of the iteration are given inrTable A.3.
Table A.3 | Results of iterative calculations for heat dissipation via the lubricant in full bea
. . Step of the calculation
Variable)|” Unit
1 2 3
. °C 58 58 58
Toxo °C 78 75,7 74,9
T °C 68 66,85 66,45
Nefs Pas | 0,0271 0,028 3 0,028 8
Yeogr 1 | 1,576 x10-3 | 1,562 x 10-3 | 1,557 x 103
So 1 2,196 2,058 2,01
£ 1 0,825 4 0,824 6 0,818
oo m | 16,55 x 106 | 16,49 x 10-6 | 17 x 10-6
e 1 2,78 2,84 2,9
P w 1981,7 2006,6 2042,3
Qs m3/s | 55,21 x 1076 | 54,55 x 10-¢ | 54,2 x 10-6
Q, m3/s | 16,32 x 1076 | 15,14 x 1076 | 14,58 x 106
Q m3/s | 71,53 x 1076 | 69,69 x 106 | 68,78 x 10-6
T °C 73,4 74 74,5
Too °C 75,7 74,9

22
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In the third step of the calculation, the difference between the assumed initial lubricant outlet
temperature, T, o, and the calculated lubricant outlet temperature, T, 1, is smaller than 1 °C. The
lubricant outlet temperature, T,,, has therefore been calculated to a sufficient degree of accuracy.

Since T, < T);,,, the lubricant outlet temperature is permissible.

Since h > hy;p,, the minimum lubricant film thickness is permissible.

min
Instead of the iteration calculation, it is possible to use graphical interpolation. This is done by
performing the calculation for a series of assumed temperatures, Ty or T,,, expected (which cover the
range of the expected solution).

In Thble A.4, all intermediate results for the case of heat dissipation via the lubricant| (force-feed
lubrjcation) are given. The fourth step of the calculation gives the same values as the graphical solution
shown in Figure A.1.

T4ble A.4 — Second results of iterative calculations for heat dissipationyvia the lubricant in
full bearing

. . Step of the calculation
Variable | Unit
1 2 3 4
Ten °C 58 58 58 58
Toy °C 62 82 102 74,87
T °C 60 70 80 66,44
Neff Pa:s 0,037 0,025 0,018 0,028 7
Yegr 1 1,48 x 103 1,6:%.10-3 1,72 x10-3 | 1,557 x 1073
So 1 1,413 2,445 3,920 2,02
€ 1 0,773 0,838 3 0,880 1 0,818
Rnin m 20,2 x 1058 | 15,6 x 1076 | 12,4 x 10-6 17 x 106
f/ Ve 1 3,68 2,572 1,89 2,895
P w 2.465,3 1863,7 1470,13 2 040,09
Q m3/s 1\57,94 x 1076 | 76,05 x 1076 | 98,91 x 10-6 | 69,13 x 10-6
Py 1, W 417,2 3 285,36 7 833,7 2 099,2
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Figure A.1 — Graphical solution for heat dissipation via lubricant in full bearing

A.2 Example 2

A partial bearing with dimensions D =1 010 mm and B = 758 mm ({2 = 150°) lubricated via a lubrication
pocket, as shown in Figure A.2, with slight overpressure. According to 7.3, the lubricant flow rate Q,
plays no part in the heat balance. Heat dissipation is thus due to the lubricant flow rate, Q5, alone, as
a result of generation of internal pressure. The lubricant inlet temperature is T,, = 24 °C. There is no
difference in the thermal expansion between shaft, bearing liner, and bearing housing. The lubricant
has the temperature dependence shown in Table A.5.
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Dimensions and operational data

Bearing force F=10°N
Rotational frequency of shaft Ny=1,4283 sl
Angular velocity of shaft o =0, =8,974 s71
Angular span 0=150°

Bearing bore D=1010x 103 m
Meah relative bearing clearance 1,7:10—3

Thefmal modification of the relative bearing clearance Ay =0

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

Table A.5 — Temperature dependence ofISO VG 46

Tes Nefr (Tetr)

°C Pa-s

20 0,132 4

30 0,0721

40 0,043
Lubticant inlet temperature for force-feed lubrication T,,=24°C
Spedific heat by volume of the lubricant pxc,=18x 106 J/(m3-K)
Limjting values
Maxfmum permissible specifit bearing load Dy, = 10 x 106 Pa
Maxjmum permissible‘bearing temperature Tim=70°C
Minimum permissible lubrication film thickness Rjim =9 x 1076 m

Figure A.2 — Partial bearing lubricated via pocket
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Calculation based on the flow chart (see Figure 2)

Check the laminar flow [see Formula (3)] at an assumed effective lubricant film temperature T, =40 °C
and an assumed lubricant density p = 900 kg/m3:

_ wx1010x1073x1,4283x1073x 1010 x 1073x 900
2x0,043

3
<41,3x | L010X10°  _,55¢
103x1010x103

Re

=47,9

Re =47,9 <1306

Flow is lam|nar. Thus, all parts of ISO 7902 are applicable in this case.
From Formyla (16):

106

=1,306x10° Pa
758x1073x1010x1073

p=

The specifi¢ bearing load p is permissible, since p<p ;.
Heat dissipqtion is via the lubricant.

Table A.6 gjves the intermediate results in the individual steps;of the calculation. In the fourth |step
of the calcylation, the difference between the assumed initiallubricant outlet temperature, T, of and
the calculaged outlet temperature, T, 4, is less than 1 °G. The lubricant outlet temperature, T, has
therefore bgen calculated to a sufficient degree of accuracy.

Since T, < 1);,, the lubricant outlet temperature is permissible. Since h,;, > h);,,,, the minimum lubrjcant
film thickngss is permissible

Table A.6 — Results of iterative calculations for heat dissipation via the lubricant in partipl

bearing
. . Step of the calculation
Variable | Unit
1 2 3 4
Tn °G 24 24 24 24
Tox 0 °C 44 38,5 36,2 35,2
Teoge °C 34 31,3 30,1 29,6
N3¢ Pa:s 0,058 0,07 0,074 0,077
S0 1 2,507 2,079 1,967 1,89
€ 1 0,798 0,767 0,758 0,75
hin m | 102,01 x 106 | 117,67 x 1076 | 122,21 x 1076 | 126,25 x 10
F/ s 1 1,65 1,822 1,87 1,92
P¢ w 7 477,6 8248 8 474,6 8701,2
Qs m3/s | 46,04 x1075 | 46,60 x 1075 | 46,69 x 10-5 | 46,88 x 10>
Tox1 °C 33 33,8 34,1 34,3
Tox 0 °C 38,5 36,2 35,2

A.3 Example 3

A partial bearing with angular span 2 = 150° is to be investigated; the lubricant is supplied to the loaded
area of the bearing under overpressure via the upper half, as shown in Figure A.3.
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