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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the IS0 list of patent declarations received. www.iso.org/patents.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

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

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

ISO 7902 consists of the following parts, under the general title Hydrodynamic plain journal bearings
under steady-state conditions — Circular cylindrical bearings:

— Part 1: Calculation procedure
— Part 2: Functions used in the calculation procedure

— Part 3: Permissible operational parameters

iv © ISO 2013 - All rights reserved
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Hydrodynamic plain journal bearings under steady-state
conditions — Circular cylindrical bearings —

Part 1:
Calculation procedure

1 Scope

This part of ISO 7902 specifies a calculation procedure for oil-lubricated hydrodynamic plain bearings,
with complete separation of the shaft and bearing sliding surfaces by a film of lubricant, used for
designing plain bearings that are reliable in operation.

It deals with circular cylindrical bearings having angular spans, (, of 360°, 180°, 150°, 120°, and 90°,
the arc segment being loaded centrally. Their clearance geometry is constant except for negligible
deformations resulting from lubricant film pressure and temperature.

The calculation procedure serves to dimension and optimize plain bearings in turbines, generators,
electric motors, gear units, rolling mills, pumps, and other machines. It is limited to steady-state
operation, i.e. under continuously driven operating conditions, with the magnitude and direction
of loading as well as the angular speeds of all rotating parts constant. It can also be applied if a full
plain bearing is subjected to a constant force rotating at any speed. Dynamic loadings, i.e. those whose
magnitude and direction vary with time, such as can result from vibration effects and instabilities of
rapid-running rotors, are not taken into account.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 3448, Industrial liquid lubricants — ISO viscosity classification

[SO 7902-2:1998, Hydrodynamic plain journal bearings under steady-state conditions — Circular cylindrical
bearings — Part 2: Functions used in the calculation procedure

[SO 7902-3, Hydrodynamic plain journal bearings under steady-state conditions — Circular cylindrical
bearings — Part 3: Permissible operational parameters

3 Basis of calculation, assumptions, and preconditions

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:

0 3 ap 0 3 E)p oh

—|h" = |+ —|h"— |=6 +up|— 1
E)x( E)xj ax( () +up) @
The symbols are given in Clause 5.

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) 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 is completely filled with lubricant. Filling up of the
unloaded area depends on the way the lubricant is supplied to the bearing.

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

g) The components forming the lubrication clearance gap are rigid or their deformation is negligible;
their 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.

j) Fluctuations in pressure within the lubricant film normal to the bearing surfaces (y-coordinate)
are negligible.

k) There is no motion normal to the bearing surfaces (y-coordinate).
1) The lubricant is isoviscous over the entire lubrication clearance gap.

m) The lubricant is fed in at the start of the bearing liner or where the lubrication clearance gap is
widest; the magnitude of the lubricant feed pressure is negligible in comparison with the lubricant
film pressures.

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

— at the leading edge of the pressure profile: p(¢;,2z)=0;

— atthe bearing rim: p(¢,z=+B/2)=0;

— atthe trailing edge of the pressure profile: p[(pz (z),z] =0;

— 8p/8(p[(p2(z),z]:0.

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

In partial bearings, if Formula (2) is satisfied:

02— (n-B)<" 2)
then the trailing edge of the pressure profile lies at the outlet end of the bearing:

p(@=¢,,2)=0 (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
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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[S07902-2. Other
solutions may also be applied, provided they fulfil the conditions laid down in [SO 7902-2 and are of a
similar numerical accuracy.

3.5 [S07902-3includes permissible operational parameters towards which the result of the calculation
shall be oriented in order to ensure correct functioning of the plain bearings.

In special cases, operational parameters deviating from [SO 7902-3 may be agreed upon for specific
applications.

4 Calculation procedure

4.1 Calculation is understood to mean determination of correct operation by computation using actual
operating parameters (see Figure 1), 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.

4.2 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
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.

4.3 Thelimits 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.

4.4 The limits of thermal loading result not only from the thermal stability of the bearing material but
also from the viscosity-temperature relationship and by degradation of the lubricant.

4.5 A correct calculation for plain bearings presupposes that the operating conditions are known for
all cases of continuous operation. In practice, however, additional influences frequently occur, which
are unknown at the design stage and cannot always be predicted. The application 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 3
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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 [SO 7902-2, for which laminar flow in the
lubrication clearance gap is a necessary condition, can be applied:
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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

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.

All these factors are mutually dependent.

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

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

calculation sequence is possible.

5 Symbols and units

See Figure 2 and Table 1.

Minimum lubricant film thickness, hAmin:

o =— L _e=0,5Dy (1-¢)

where the relative eccentricity, ¢, is given by

P e
B D-D,
2
If
T
¢, —(m-B)<—
2
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:

2
SO=M=SO S,E,Q 9)
DBn ggr 0y, D

Values of So as a function of the relative eccentricity, ¢, the relative bearing length, B/D, and the angular
span of bearing segment, (2, are given in [SO 7902-2. The variables wp, neff, and ¢eff take into account the
thermal effects and the angular velocities of shaft, bearing, and bearing force (see 6.4 and 6.7).

The relative eccentricity, ¢, together with the attitude angle,  (see , describes the magnitude
and position of the minimum thickness of lubricant film. For a full bearing (2 = 360°), the oil should be
introduced at the greatest lubricant clearance gap or, with respect to the direction of rotation, shortly
before it. For this reason, it is useful to know the attitude angle, 5.

| ———]— .'_.'_E_.. \
{ : | | '.’"
L | (
N | AN
) | o
. |
| | l.‘
II | |
J P ,
\.\\ | __l'.’.’
! A . s
/ L | ),/'/
S—
- ----f______ | 8
1
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 Dj m
Dmax Maximum value of D m
Diin Minimum value of D m
e Eccentricity between the axis of the shaft and the bearing axis m
E Modulus of elasticity 1
f Coefficient of friction 1
F Bearing force (nominal load) N
Fr Friction force in the loaded area of the lubricant film N
Ffl Frictional force in the unloaded area of the lubricant film N
G Shear modulus 1
h Local lubricant film thickness m
Nlim Minimum permissible lubricant film thickness m
Nmin Minimum lubricant film thickness m
hwav Waviness of sliding surface m
hwav,eff Effective waviness of sliding surface m
hwav,efflim Maximum permissible effective waviness m
ka Outer heat transmission coefficient w/(m2-K)
Ig Length of oil groove m
Ip Length of oil pocket m
Ly Length of bearing housing Rotational m
Np Frequency of the bearing Rotational s1
Np Frequency of the bearing force Rotational s1
Nj Frequency of the shaft s71
p Local lubricant film pressure Pa

p 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
Pih 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 1
Rzp Average peak-to-valley height of bearing sliding surface m
Rz Average peak-to-valley height of shaft mating surface m
Re Reynolds number 1
So Sommerfeld number 1
Tamb Ambient temperature °C
Ts Bearing temperature °C
Tg,0 Assumed initial bearing temperature °C
Tp1 Calculated bearing temperature resulting from iteration procedure °C
Ten Lubricant temperature at bearing entrance °C
Tex Lubricant temperature at bearing exit °C
Tex,0 Assumed initial lubricant temperature at bearing exit °C
Tex1 Calculated lubricant temperature at bearing exit °C
Ty Shaft temperature °C
Tlim Maximum permissible bearing temperature °C
TL Mean lubricant temperature °C
Us Linear velocity (peripheral speed) of bearing m/s
Uj Linear velocity (peripheral speed) of shaft m/s
Va Air ventilating velocity m/s
Coordinate parallel to the sliding surface in the circumferential direction m
y Coordinate perpendicular to the sliding surface m
z Coordinate parallel to the sliding surface in the axial direction m
alB Linear heat expansion coefficient of the bearing K-1
ar) Linear heat expansion coefficient of the shaft K-1
B Attitude angle (angular position of the shaft eccentricity related to the direction °
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
v 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
Y off Effective relative bearing clearance 1
YV max Maximum relative bearing clearance 1
Y min 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-dimensional characteristics of frictional power loss £and f /y/ ¢

__ Fiwes (10)
DB ¢ @y,

f_< (11)

Vetf SO

They are applied if the frictional power loss is encountered only in the loaded area of the lubricant film.
Itis still necessary to calculate frictional power loss in both the loaded and unloaded areas then the values
f’ Ff '51 L
Vet
are substituted by:
[
Veff

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

The values of f/y .4 and f’/y . for various values of &, B/D, and Q2 are given in [SO 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.

© ISO 2013 - All rights reserved 9
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The frictional power in a bearing or the amount of heat generated is given by:

D
szpth,f:fFEa)h (12)
P, =f'F§a)h (13)

6.3 Lubricant flow rate

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

Q3 =Dy 4,03 (14)

where Q3 =Q; (¢,B/D, €, ) is given in [S0 7902-2

There is also a flow of lubricant in the peripheral direction through the narrowest clearance gap into the
diverging, pressure-free gap. For increased loading and with a small lubrication gap clearance; however,
this proportion of the lubricant flow is negligible.

The lubricant feed pressure, pep, forces additional lubricant out of the ends of the plain bearing. This is
the amount @, of the lubricant flow rate resulting from feed pressure:

3 3
Q, :Dw—effpenQ; (15)
T eff
e

where Q, =Q, (¢,B/D,Q)is given in [S0 7902-7

6.3.1 Lubricant feed elements are lubrication holes, lubrication grooves, and lubrication pockets. The
lubricant feed pressure, pen, should be markedly less than the specific bearing load, p, to avoid additional

hydrostatic loads. Usually, pen lies between 0,05 MPa and 0,2 MPa. The depth of the lubrication grooves
and lubrication pockets is considerably greater than the bearing clearance.

6.3.2 Lubrication grooves are elements designed to distribute lubricant in the circumferential direction.
The recesses machined into the sliding surface run circumferentially and are kept narrow in the axial
direction. If lubrication grooves are located in the vicinity of pressure rise, the pressure distribution
is split into two independent pressure “hills” and the load-carrying capacity is markedly reduced (see
Figure 3). In this case, the calculation shall be carried out for half the load applied to each half bearing.
However, because of the build-up of hydrodynamic pressure, @3, only half of the lubricant flow rate shall
be taken into account when balancing heat losses (see 6.4), since the return into the lubrication groove
plays no part in dissipating heat. It is more advantageous, for a full bearing, to arrange the lubrication
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.

Key
1  lubrication hole
2 lubrication groove
Figure 3

The influence of the type and the arrangement of the lubricant feed elements on the lubricant flow rate
are dealt with in [SO 7902-2.

The overall lubricant flow rate is given by:

Q =Q3 (16)

for lubricant filling only the loaded area of the bearing;

Q=03+0, (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 = Pih,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 transfer can be summed up by:

Pinamb =k aA(Tg = Tamp ) (18)
where

k ,=15t020W /(m? -K)
or, by ventilating the bearing housing with air at a velocity of V3> 1,2 m/s

ky=7+12V, (19)

(See References [3] and [14].)

Should the area of the heat-emitting surface, 4, of the bearing housing not be known exactly, the following
can be used as an approximation:

— for cylindrical housings
A:Z%(DHZ ~D?)+nDyBy (20)

— for pedestal bearings

A=7‘L’H(BH +%) (21)
— for bearings in the machine structure

A=(15 to 20)DB (22)
where

By is the length of the axial housing;
Dy is the length of the outside diameter of the housing;

H isthe length of the total height of the pedestal bearing.

6.4.2 Heat dissipation via the lubricant

In the case of force-feed lubrication, heat dissipation is via the lubricant:
Pth,L:pCQ(Tex_Ten) (23)
For mineral lubricants, the volume-specific heat is given by:

pc=1,8x10%]/(m3 K) (24)

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

12 © IS0 2013 - All rights reserved
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for pressureless-lubricated bearings and

Py =Py,

for pressure-lubricated bearings.

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) inthe case of pure convection: Teer= Tg
b) in the case of heat dissipation via the lubricant: Teff= TL =0,5 (Ten + Tex)

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 Tg and Tex shall be checked for their permissibility by comparison with the
permissible operational parameters, T}im, given in [SO 7902-3.

In the sequence of calculations, at first only the operational data T,y or Tep are known, but not the
effective temperature, Tefr, 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) TB’O - Tamb = 20 K
b) TeX,O - Ten = 20 K

and the corresponding operating temperatures, Tefr. From the heat balance, corrected temperatures,
Tg1 or Tex 1, are obtained, which, by averaging with the temperatures previously assumed (7,0 or Tex,0),
are iteratively improved until the difference between the values with index 0 and 1 becomes negligibly
small, for example 2 K. The condition then attained corresponds to the steady condition. During the
iterative steps, the influencing factors given in 6.7 shall be taken into account. As a rule, the iteration
converges rapidly. It can also be replaced by graphical interpolation in which, for calculating Ptp f and
Pth,amb or Py L, several temperature differences are assumed. If the heat flows Pih,amb = f(TB) or Pth,1. = f
(Tex) are plotted, then the steady condition is given by the intersection of the two curves (see Figure A.1).

6.5 Minimum lubricant film thickness and specific bearing load

The clearance gap, h, in a circular cylindrical journal bearing with the shaft offset is a function given by:

h=0,5Dy ¢ (1+€ cos @) (25)

starting with ¢ =¢, in the widest clearance gap (see Figure 1).

The minimum lubricant film thickness

h=0,5Dy o (1—¢) (26)

shall be compared with the permissible operational parameter, hjip, specified in [SO 7902-3.
The specific bearing load:

F
D=—o 27
P DB (27

shall be compared with the permissible operational parameter, pjim, specified in [SO 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 operating condition under high thermal loading (low dynamic lubricant viscosity) is followed
directly by one with high specific bearing load and low rotary frequency, this new operating condition
should be investigated while keeping the thermal condition from the preceding operating point.

The transition to mixed friction is due to contact of the roughness peaks of the shaft and bearing under
the criteria for hjjy, specified in [SO 7902-3, whereby deformation is also to be taken into account. A
transition eccentricity:

hy;
e,=1- D 1m (28)
El//eff
and a transition Sommerfeld number:
Fy? o B
Soy=—"—=fl¢e,,—, Q2 (29)
DBT’effwh D

(seellSO 7902-2

can be assigned to this value. Thus, the individual transition conditions (load, viscosity, and rotary
speed) can be determined. The transition condition can be described by just three coexistent parameters.
In order to be able to determine one of them, the two others have to be substituted in the manner
appropriate to this condition. For rapid run-down of the machine, the thermal state corresponds mostly
to the previous continuously driven operating condition of high thermal loading. If cooling is shut off
immediately when the machine is switched off, this can resultin an accumulation of heat in the bearing,
so that a yet more unfavourable value has to be selected for hefr. If the machine runs down slowly,
lowering of the temperature of the lubricant or bearing is to be expected.
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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:

oy, =0 + g (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:

W, =0 +0p—20; (31)

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

o, =—0) +0p (32)

The absolute value of wp shall be used to calculate the Sommerfeld number. It shall be borne in mind that
in the case where wp < 0, the shaft eccentricity is at the angle -f5 (see Figure 4).

NOTE All rotary motions and angular directions are positive with respect to the direction of shaft rotation.

The dynamicviscosityisstrongly dependenton temperature.Itisthusnecessarytoknow the temperature
dependence of the lubricant and its specification (see . The effective dynamic viscosity, nef, is
determined by means of the effective lubricant film temperature, Teff; that is nefrresults from averaging
temperatures Tep and Tex and not from averaging the dynamic viscosities 17 (Ten) and 1 (Tex)-

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
of the service life. These effects are investigated only for a few lubricants and are not taken into account
in ISO 7902 [Z].

The operation bearing clearance results from the fit and the thermal expansion behaviour of bearing
and shaft. In the installed condition (20 °C), the relative bearing clearance is given by:

D -D; .
W max :%me (33)
D_ .. —D
¥ imin :mmT],rmax (34)
¥=0,5 (Wmax 'H//min) (35)

The deciding factor in the calculation is the effective relative bearing clearance, efr, 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.
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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:

Ay =(0y5-0ty) (Teg =20 °C)

(36)
Ay =0, (T -20°C) e (T —20°C) (37)
Vetf =Y +AY (38)

Permissible operational values for the bearing clearance are given in [SO 7902-3,.

v | |
- |
Yan a |
i J v N
/':z\‘- \\\ \\ I/ /'/ 7 N
/ ./ ."II \ \‘\ f II"\ / / _,»""!. ) \
/ I',I f." \'\__\ \’ ( f__.-"i I,-'I | \\\
[ Ay ! / i |
/{ | \ / \\, / I."I || \\
/ | \ ,-'I | \‘\\
/ Vi II / \ IIIII- \ I|III ™,
' y N ) X
’<\ k\ // . B /} -
S R —— 1 -
Figure 4

16

© ISO 2013 - All rights reserved


http://dx.doi.org/10.3403/30318845U

BS I1SO 7902-1:2013
ISO 7902-1:2013(E)

Annex A
(normative)

Calculation examples

A.1 Example 1

A full bearing (2 = 360°) with dimensions D = 120 mm and B = 60 mm, operated under 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 area A = 0,3 m2, and the
solid liner are made of aluminium alloy, the shaft being of steel. Oil is supplied via a hole with d, = 5 mm,
diametrically opposite the loaded area in the bearing liner, as shown in Figure 1. The lubricant employed
is an oil of viscosity grade ISO VG 100 (see ISO 3448-3). 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 ambient temperature should be Ty, = 40 °C and the maximum permissible
bearing temperature should be T}y, = 70 °C.

Should T, be exceeded, then force-feed lubrication with external oil cooling is to be provided. In such
a case, it is assumed that the lubricant is fed to the bearing at an overpressure of pen = 5 x 105 Pa and an
oil inlet temperature of T = 58 °C.

Dimensions and operational data

Bearing force F=36000N

Rotational frequency of shaft Nj=33,33s71

Rotational frequency of bearing Ng=0s"1

Angular span 0 =360°

Maximum bore of bearing Dmax = 120,070 x 10-3 m
Minimum bore of bearing Dmin =120,050 x 10-3m
Lubrication hole diameter d,=5x10"3m
Maximum diameter of shaft Dj max = 119,950 x 103 m
Minimum diameter of shaft Dj,min = 119,930 x 10-3 m
Relative bearing length B/D=0,5

Mean peak-to-valley height of bearing Rzg=2x10-6m

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
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Tetf neff (Teff)

°C Pa-s

40 0,098

50 0,057

60 0,037

70 0,025
Area of heat-emitting surface of the bearing housing A=0,3m2
Heat transfer coefficient ka =20 W/(m2-K)
Ambient temperature Tamb =40 °C
Lubricant inlet temperature for force-feed lubrication Ten = 58°C
Lubrication feed overpressure for force-feed lubrication Pen =5 x 105 Pa
Specific heat by volume of the lubricant pc=1,8x106]/(m3-K)
Limiting values
Maximum permissible specific bearing load Plim = 10 x 106 Pa
Maximum permissible bearing temperature Tiim =70 °C
Minimum permissible lubricant film thickness hlim =9 x 10-6m

Calculation based on the flow chart (see Figure 1)

Check the laminar flow [see Formula (4)] atan assumed bearing temperature Tgo =60 °Cand an assumed
lubricant density p = 900 kg/m3:

. x120x1073%33,33x 1,48 x 1073 x 120 x 10> x 900

Re =27,14
2x0,037
-3
<41,3 120; 10 -=1073,5 (A1)
1,48x10 3% 120x 10~

Re =27,14 <1073,5
From Formula (27):

p= 36000 =5x10°Pa (A.2)

120x103x60x 1073

The specific bearing p is permissible, since p <pj;,,

Heat dissipation by convection

Assumed initial bearing temperature

TB,0 = Tefr= 60 °C

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

netf= 0,037 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 120x1073
120,050 — 119,950)x1073 _
l//max=( 3) =0,833x107°
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®x (60-20) = 0,48 x 107>

Effective relative bearing clearance [see Formula (38)]

Ve = (1+0,48)x1073=1,48x 107

Effective angular velocity [see Formula (30)]

— Angular velocity of the shaft:

@) =2x 7 x N = 209,42 st

— Angular velocity of the bearing:

a)B =0
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0, =209,42+0=209,42 s * (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 [SO 7902-2):
B
EZf[So,E,QJ: 0,773 (A.10)

Minimum lubricant film thickness [see Formula (26) and Figure 1]:

i =0,5%120x 120 % 1,48 x 10 >x (1-0,773) = 20,2x 10 ° m (A.11)

Specific coefficient of friction [see Formula (10) and [SO 7902-2]:

L:f[&;,%,ﬁ]:&@ (A.12)
WV off
Coefficient of friction:
A =3,68x1,48x 103 =5,45x1073 A13
f_y/ XY =3,68x 1,48 X =9, %0X (A.13)
eff

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

-3
Py s =5,45x10 3% 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 = 20 x 0,3 x (TB,l - 40)
From Py f = Pth,amb it follows that

_2465,3

b1 =0 o +40=45097C (A.15)

Since Tg,1 > T,0, the assumption of a bearing temperature of Tg,o = 60 °C has to be corrected.
Improved assumption of the bearing temperature:

Tigo+ 1=Tigo+0,2(Tig1 - Tigp) = 60 + 0,2 x (450,9 - 60) = 138,18

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, Tg, 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 0,974 09738 0,973
Rmin m 20,2 x 10-6 3,3x10-6 3,72x10-6 | 3,73 x10-6 3,82 x10-6
S/ 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)
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Assumed initial lubricant outlet temperature:

T

e

0 =Ten +20°C=78°C (A.16)

Effective lubricant film temperature (see 6.4):

Ty = 0,5x(58 + 78) = 68 °C (A.17)

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

N =0,027Pa-s (A.18)

Thermal modification of the relative bearing clearance [see Formula (36)]:
Ay =(23-11)x107® x (68-20) = 0,576 x 10> (A.19)
Effective relative bearing clearance [see Formula (38)]:

=(1+0,576)x 103 =1,576 x1073 A.20
W eft

Sommerfeld number [see Formula (9)]:

36 000 x 1,576%x 107°

So= 3 3 =2,196 (A.21)
120x 10 °x60x10 "% 0,027 x 209,42
Relative eccentricity (see [SO 7902-2):
B
£:f(50,5,!2):0,825 (A.22)

Minimum lubricant film thickness [see Formula (26) and Figure 1]:

i =0,5% 120 X107 x 1,576 x 10> (1-0,825) = 16,35x 10 °m (A.23)
Specific coefficient of friction [see Formula (11) and [SO 7902-2]:

L—L(So,g,QJ:ZJS (A.24)

Vet Weff

Coefficient of friction:

f':y/ny/eff:2,78><1,576><10‘3:4,881><10‘3 (A.25)
eff

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

-3
Py¢ = 4,881 x 1073 x 36 000 x % 209,42 =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 7902-2:1999]:

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

. 7 (1+0,825)°

sz_x
48 ln(650 x 1,228

=0,1304 (A.29)

120 x1077 x1,576% x 107 x 5 x 10°

x0,1304 =16,33x10"°m?3 /s A.30
Qp 0.027 / (A.30)
Lubricant flow rate [see Formula (17)]:

Q=(5521+16,33)x10"° =71,54x10°m3 /s (A.31)

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

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

"~ 1,8x10%x71,54x107°
Since Tex,1 < Tex,0, the assumption of a lubricant outlet temperature of Tex o = 78 °C has to be corrected.

Improved assumption of the lubricant outlet temperature:

Tex0 = 0,5 (78 +73,4) = 75,7°C (A.34)

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

Table A.2
Variable Unit Step of the calculation
1 2 3

Ten °C 58 58 58
Tex,0 °C 78 75,7 74,9

Teff °C 68 66,85 66,45
Neff Pa:s 0,027 1 0,028 3 0,0287
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

[/ efe 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 third step of the calculation, the difference between the assumed initial lubricant outlet
temperature, Tex 0, and the calculated lubricant outlet temperature, Tex 1, is smaller than 1 °C. The
lubricant outlet temperature, Tex, has therefore been calculated to a sufficient degree of accuracy.

Since Tex < Thim, the lubricant outlet temperature is permissible.
Since hpin > hyim, the minimum lubricant film thickness is permissible.

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

In Table A.3, all intermediate results for the case of heat dissipation via the lubricant (force-feed

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

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 0,0287
Yeff 1 1,48 x 10-3 1,6 x 10-3 1,72 x 10-3 1,557 x 10-3
So 1 1,408 2,429 3,934 2,023
£ 1 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 10-6
Pq w 414,2 3 259,87 7 844,76 2 087,06
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Figure A.1

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 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, as a result of
generation of internal pressure. The oil inlet temperature is Tep, = 24 °C. There is no difference in the
thermal expansion between shaft, bearing liner, and bearing housing.

Dimensions and operational data

Bearing force F=106N
Rotational frequency of shaft Nj=1,4283s1
Angular velocity of shaft w; =y, =8974 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 Neff (Teff)
°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 heat by volume of the lubricant
Limiting values

Maximum permissible specific bearing load
Maximum permissible bearing temperature

Minimum permissible lubrication film thickness

Figure A.2

Calculation based on the flow chart (see Figure 4)

pc=1,8 x106]/(m3-K)

P lim = 10 x 106 Pa
T1im =70 °C
him =9 x 10-6 m

Check the laminar flow [see Formula (4)] at an assumed effective lubricant film temperature Tegr = 40 °C

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

Re

_ Ax1010x1073x1,4283x 10 >x 1 010X 10™>x 900

2x0,043

1073

<41,3 =1306

Re =47,9 <1306

Flow is laminar. Thus, ISO 7902 is applicable in this case.

From Formula (27):

10°
785x 1073 x1010x 1073

p= =1,306 x 10° Pa

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

26

=47,9

(A.35)

(A.36)
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Heat dissipation is via the lubricant.

Table A.4 gives the intermediate results in the individual steps of the calculation. In the fourth step
of the calculation, the difference between the assumed initial lubricant outlet temperature, Tex 0, and
the calculated outlet temperature, Tex 1, is less than 1 °C. The lubricant outlet temperature, Tex, has
therefore been calculated to a sufficient degree of accuracy.

Since Tex < Tlim, the lubricant outlet temperature is permissible. Since hpyin > hiim, the minimum lubricant
film thickness is permissible

Table A.4
Variable Unit Step of the calculation
1 2 3 4
Ten °C 24 24 24 24
Tex,0 °C 44 38,5 36,2 35,1
Teff °C 34 31,3 30,1 29,55
Neff Pa-s 0,058 0,07 0,074 0,077
So 1 2,507 2,079 1,967 1,89
£ 1 0,798 0,767 0,758 0,75
hmin m 102,01 x 10-6 117,67 x 10-6 122,21 x 10-6 126,25 x 10-6
AN 1 1,65 1,822 1,87 1,92
P¢ w 7 477,6 8 248 8338,6 8701,2
Q3 m3/s 46,04 x 10-5 46,60 x 10-5 46,69 x 10-5 46,88 x 10-5
Tex,1 °C 33 33,83 34,08 34,31
Tex,0 °C 38,5 36,2 35,1

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.

The upper half has a circumferential groove. Two lubricating pockets are located at the joint face at + 90°
to the application of the load; one of the pockets is a feeding one.

Heat is dissipated via the lubricant and, according to 6.4, overall lubricant flow rate is to be calculated from
Formulae (16) and (17). There is no difference in expansion between shaft, bearing, and bearing housing.

© ISO 2013 - All rights reserved 27



BS ISO 7902-1:2013
ISO 7902-1:2013(E)

fig

Figure A.3

Dimensions and operational data
Bearing force

Rotational frequency of shaft
Angular velocity of shaft

Angular span

Bearing bore

Mean relative bearing clearance
Thermal modification of the relative bearing clearance
Relative bearing length

Width of a 180° lubricating groove
Depth of a lubricating groove
Width of the lubricating pocket

Depth of the lubricating pocket

F=18000N
Nj=25s1

wy = wp = 157s71
0=150°
D=200x10-3m

v =2x103
Ay =0
B/D = 0,5

bg=30x10-3m
hg=2,5%x10-3m
bp=60x10-3m
hp=2,5x103m

Lubricant oil ISO VG 32
Teff Neft (Tefr)
°C Pa:s
40 0,031
50 0,022
60 0,014
70 0,009 4
Lubricant inlet temperature for force-feed lubrication Ten =40°C

Lubricant feed overpressure for force-feed lubrication

28

Pen = 0,5 x 105 Pa
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Specific heat by volume of the lubricant pc=1,8x10-6]/(kg-K)
Limiting values

Maximum permissible specific bearing load p1im = 10 x 106 Pa
Maximum permissible bearing temperature T1im = 80 °C
Minimum permissible lubrication film thickness hijim = 20 x10-6m
Calculation based on the flow chart (see Figure 4)

Check thelaminar flow [see Formula (4)] atan assumed bearing temperature 7,0 = 60 °C and an assumed
lubricant density p = 900 kg/m3:

_ wx200x107x 25 x 2 x 10 ®x 200 x 10~°x900

Re =201,96
2x0,014
-3
<41,3 2030 x 10 - =9235 (A.37)
2x 10 °x200x10"

Re =201,96 <923,5
Flow is laminar. Thus, ISO 7902 is applicable in this case.
From Formula (27):

_ 1

p= 8 000 =0,9%10°Pa (A.38)

0,5%200x 10 3% 200x 1073

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

Heat dissipation is via the lubricant. Table A.5 gives the intermediate results in the various steps of
the calculation.

Table A.5
Variable Unit Step of the calculation
1 2 3 4
Ten °C 40 40 40 40
Tex,0 °C 60 52,1 48,6 47,3
Teff °C 50 46,1 44,3 43,7
Neff Pa-s 0,022 0,024 0,027 5 0,028
So 1 1,042 09554 0,8338 0,8189
€ 1 0,734 0,725 0,7 0,698
hmin m 53,2 x 10-6 55 x 10-6 60 x 10-6 60,4 x 10-6
[/ et 1 4,6 4,8 5,4 5,45
Ps w 1966,3 2229 25199 2535,6
Q3 m3/s 109,27 x 10-6 109,02 x 10-6 108,52 x 10-6 108,5 x 10-6
Qp m3/s 153,72 x 10-6 139,84 x 10-6 119,49 x 10-6 117,15 x 10-6
Q m3/s 262,99 x 10-6 248,86 x 10-6 228,01 x 10-6 225,65 x 10-6
Tex,1 °C 44,2 45 46,1 46,3
Tex,0 °C 52,1 48,6 47,6
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The specific feature of this calculation is the determination of frictional power and lubricant flow rate based
on the flow in the lubricating pockets and grooves. The first step of the calculation is given as an example.

Frictional power in the lubricating pockets and grooves (see [SO 7902-2)):

-3 -3
£p=2x0,5x | 440,001 2| 200X157x2,5x10 “x200x10 g, |_ 74 (A.39)
6 2x0,022
-3 -3
Ec =0,5x 7| 4+ 0,001 2| 200X 157X 25x10 7 x200x10 7 15 g4 1 _g 57 (A.40)
2x0,022
Friction force in the whole lubricant film:
. 0,022x157x 100 103%x200x 1073
2x1073
I 60x 1073 m 2x1073%x200x 1073
1,042 x 4,6— - 2,74 |- A4l
100x 1073 | 3% 24/1-0,7342 2x2,5%1073 (A41)
30x107° T 2x107°x200x107°
100x1073| 2./1_0,7342 2x2,5x1073 '
Heat flow rate due to frictional power in bearing:
-3
Py ¢ = 125,24 x 20010 7 | 157 -1966,3 N-m/s=1966,3 W (A.42)
Lubricant flow rate due to generation of internal pressure [see Formula (14)]:
Q3 =200%x107 x2 x 1073 x 157 x 0,043 5= 109,27 x 10 ® m3 /s (A.43)

Lubricant flow rate due to feed pressure [see Formulae (15) and (16) of [SO 7902-2:1994] is the sum of
flow rates from lubricating pockets and grooves:

2 3
-3 -3 -3
Q,=1,188 + 1,582[&]— 2,585(&] + 5,563[&J =2,4082  (A44)

100x 1073 100x 1073 100x 1073
Q*_n 1 N 1 7t(1+1><5><0,7342)+6><0,734+1><33><0,7343_10568
P76 (100x1073 48 100x103-30x10 3 '
In| — =" {2,408 2 -
60x 1073 200 % 10
(A.45)
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- 2003% 1077 x 23 x 1077 0,5% 10°

o 1,0568 = 153,72x 10 °m3 /s
0,022

Lubricant flow rate [see Formulae (16) and (17)]:

Q= (109,27 + 153,72) x 107 = 262,99 x 10 ™® m3 /s

Heat dissipation via lubricant [see Formula (23)]:

P =1,8x10°x 262,99 x 10° (Ty; — 40)

Pth f = Pt 1 yields:

22221

T 6 6
1.8x10x262,99x10"

ex,1=

+40=44,7 °C
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(A.46)

(A.47)

(A.48)

(A.49)

Table A.6 gives the results of the calculation, taking account of the lubricant flow rate via a lubricating pocket.
As before, it is assumed that lubricant fills both the loaded and unloaded areas of the lubricating clearance.

In this case, in the first step of the calculation, lubricant flow rate from the pocket is

Q,=2,408 2
Q, =% 100><1o}3 = 0,4254 (A.50)
In| ———— [x2,4082
( 60x1073 J
% _200°x10?x2%x1077%x0,5x 10° 0,4254 = 61,88 105 m® /s
0,022
Table A.6
Variable Unit Step of the calculation
1 2 3 4
Ten °C 40 40 40 40
Tex.0 °C 60 53,9 51,1 50
Totf °C 50 47 45,5 45
Neff Pa-s 0,022 0,0235 0,025 2 0,026 3
So 1 1,042 0,957 7 0,909 9 0,8819
£ 1 0,734 0,727 0,717 0,71
Amin m 53,2 x 10-6 54,6 x 10-6 56,6 x 10-6 59 x 10-6
[/ ett 1 4,6 4,75 5 5,18
Ps w 2419,7 2494,6 2 625,8 2722,9
Q3 m3/s 109,27 x 10-6 109,15 x 10-6 109,02 x 10-6 108,77 x 10-6
Qp m3/s 61,88 x 10-6 57,93 x 10-6 54,02 x 10-6 49,86 x 10-6
Q m3/s 171,15 x 10-6 167,08 x 10-6 163,04 x 10-6 158,63 x 10-6
Tex,1 °C 479 48,3 489 49,5
Tex,0 °C 53,9 51,1 50
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[14]
[15]

[16]
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