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3 Basis of calculation, assumptions and preconditions

©1SO

3.1 The basis 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:

2025 2 Bt 2

The symbols are given in clause 5.

(1)

See [1] to [3], and [11] to [14] in annex B, for the derivation of Reynolds' differential equation and [4] to [6], [12] and

[13] for its nt

mericalsolution

3.2 The fo
sufficiently ¢
a) Thelub
b) All lubri
c) Thelub
d) Thelub
e) Thelub

depend
f) Inertia ¢
g) The con

are ideg
h) The rag

thicknes

) The lub

i) Fluctuations in pressure within'the lubricant film normal to the bearing surfaces (y-coordinate) are neg

k) There is
) Thelub

m) The lub
magnitu

lowing idealizing assumptions and preconditions are made, the permissibility of.'which
bnfirmed both experimentally and in practice.

icant corresponds to a Newtonian fluid.

ant flows are laminar.

icant adheres completely to the sliding surfaces.
icant is incompressible.

icant clearance gap in the loaded area is completely filled with lubricant. Filling up of the unlo
5 on the way the lubricant is supplied to the bearing.

ffects, gravitational and magnetic forces of the lubticant are negligible.

nponents forming the lubrication clearance gap are rigid or their deformation is negligible; the
| circular cylinders.

ii of curvature of the surfaces infelative motion are large in comparison with the lub
ses.

icant film thickness in the axial*direction (z-coordinate) is constant.

no motion normalto the bearing surfaces (y-coordinate).
icant is isoviscous over the entire lubrication clearance gap.

Ficant_iS_fed in at the start of the bearing liner or where the lubrication clearance gap is W
de.of the lubricant feed pressure is negligible in comparison with the lubricant film pressures.

has been

Aaded area

r surfaces

ricant film

igible.

idest; the

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(p1,2) =0

— atthe bearing rim: p(¢, z=+£B/2) =0

— at the trailing edge of the pressure profile: p[¢2(2), Z =0
— and dpldp[pa(2), Z =0

For some types and sizes of bearings, the boundary conditions may be specified.
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In partial bearings, if the following expression is satisfied:

2 —(m

T
‘ﬂ)<5

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

ple=¢,,2=0

3.4 The numerical integration of the Reynolds' differential equation is carried out — possibly
transformation of pressure as suggested in [3] [11] and [12] — by a transformatlon toa dlfferentlal eq
is applled G—a-grid .
J points is S|gn|f|cant to the accuracy of the numerlcal mtegratlon the use of a non- equxdl
] and [13] is advantageous. After substituting the boundary conditions at the trailing edge-of
egration yields the pressure distribution in the circumferential and axial directions.

given in [
profile, int

The appli
of similar
relative bg
required of Reynolds' differential equation (see ISO 7902-2). Other solutions may.also be applied, p
fulfil the cpnditions laid down in ISO 7902-2 and are of a similar numerical accuracy.

cation of the similarity principle to hydrodynamic plain bearing theory results in dimensionless
ty for parameters of interest such as load-carrying capacity, frictional bghaviour, lubrical

3.5 1S0O[7902-3 includes permissible operational parameters towardsywhich the result of the calculg
oriented in order to ensure correct functioning of the plain bearings.

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

4 Calculation procedure
4.1 By ¢alculation is understood determination. of correct operation by computation using actu
parametefs (see figure 1) which can be compared with operational parameters. The operating

determing
the opera

d under varying operating conditions' must therefore lie within the range of permissibility as ca
ional parameters. To this end, all eperating conditions during continuous operation shall be in

4.2 Fres
lubricant.
range, fo
generally

dom from wear is guaranteed only if complete separation of the mating bearing parts is ach

example starting~up’ and running down machines with plain bearings, is unavoidable a
result in bearingodamage. When a bearing is subjected to heavy load, an auxiliary
arrangement may be necessary for starting up and running down at a slow speed. Running-in and ada
compensate for deviatiens of the surface geometry from the ideal are permissible as long as they are li
and time and occur.without overloading effects. In certain cases, a specific running-in procedure may |
depending on thechoice of materials.

paring length, etc. The application of magnitudes of similarity reduces the_.number of numeric
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by applying
uation which
he number of
stant grid as
the pressure

magnitudes
nt flow rate,
al solutions
rovided they

tion shall be

plications.

al operating
parameters

mpared with

vestigated.

ieved by the

Continuous operation in the mixed friction range results in failure. Short-time operation in the ixed friction

nd does not

hydrostatic
btive wear to
mited in area
e beneficial,

deformatlons are perm|SS|bIe as long as they do not |mpa|r correct funct|on|ng of the plam bearmg

4.4 The limits of thermal loading result from the thermal stability of the bearing material but al
viscosity-temperature relationship and by degradation of the lubricant.

t permanent

so from the

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.);
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Figure 1 — Outline of calculation
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— 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 Reynolds' number shall be used to verify that ISO 7902-2, for which laminar flow in the lubrication clearance
gap is a necessary condition, can be applied:

C C
pUJ R eff 7'L'DNJ F;eff 5
Re= = <41,3
n v CRreft
In the case of plain bearings with Re>413,/D/ Creff (for example as a result of high peripheral speed

coefficien
carried o(

s and bearing temperatures must be expected. Calculations for bearings,with turbulent flo
t in accordance with this part of ISO 7902.

.(2)
) higher loss

W cannot be

bwn bearing

e calculation

4.7 The|plain bearing calculation takes into account the following,factors (starting with the kn
dimensior)s and operational data):
— the rglationship between load-carrying capacity and lubricant film thickness;
— the fr|ctional power rate;
— the Iubricant flow rate;
— the heat balance.
All these factors are mutually dependent.
The solutipn is obtained using an iterative method; the sequence is outlined in the flow chart in figure 1.
For optinjization of individual parameters, parameter variation can be applied: modification of thg
sequence|is possible.
5 Symbols and.units
See figurg 2 and table 1.
Minimum [ubricant film thickness, Nmin:

ho =2 DI g5 Dy(1-¢)
where the relative eccentricity, &, is given by

= ©

D - D,
2
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then
hin =05 Dl//(l+ £ COS q)z)

6 Definition of symbols

6.1 Load-carrying capacity

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

=2
So= | " ef :30%,39@ )
DB7 ety D

Values of Spas a function of the relative eccentricity ¢, the relative bearing length B/D.and the angular span of
bearing segiment Q are given in ISO 7902-2. The variables oy, neff and e take jata.account thermal gffects and
the angular yelocities of shaft, bearing and bearing force (see 6.4 and 6.7).

The relative| eccentricity € describes, together with the attitude angle B_(see I1SO 7902-2), the magritude and
position of the minimum thickness of lubricant film. For a full bearing (€25.360 °C), the oil should be intfoduced at
the greatest [lubricant clearance gap or, with respect to the direction of rotation, shortly before it. For this reason it is
useful to kngw the attitude angle .

Figure 2 — lllustration of symbols
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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
CRreff Effective bearing radial clearance
do Oil hole diameter m
D Nominal bearing diameter (inside diameter) m
D, Nominal shaft diameter m
Dj,max Maximum value of D, m
DJ,min Minimum value of D, m
Dmax Maximum value of D m
Dmin 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
Fi Friction force in the loaded area of the lubricant film N
K Frictional force in the unloaded area of the lubricant film N
G Shear modulus 1
h Local lubricant film thickness m
hiim Minimum permissible lubricant film thickness m
hrnin Minimum lubricant film thickness m
hwav Waviness of sliding surface m
hwav,eff Effective waviness of sliding surface m
hwav,effin | Maximum permissible effective waviness m
Ka Outer heat transmission coefficient W/(m2-K)
I Length of oil groove m
Ip Length of oil pocket m
Ly Length of bearing housing m
Ng Rotational frequency of\the bearing m/s
Nk Rotational frequency.of the bearing force m/s
Nj Rotational frequency of the shaft m/s
p Local lubricant film pressure Pa
P Specific:bearing load Pa
Pen Lubricant feed pressure Pa
Piim Maximum permissible lubricant film pressure Pa
Piim Maximum permissible specific bearing load Pa
Pf Erictional power W
Pih Heat flow rate w
Pth,amb Heat flow rate to the ambient w
Pth f Heat flow rate due to frictional power w
Pth,L Heat flow rate in the lubricant w
Q Lubricant flow rate m3/s
Q1 Lubricant flow rate at the inlet to clearance gap m3/s
Qo Lubricant flow rate at the outlet to clearance gap m3/s
Q3 Lubricant flow rate due to hydrodynamic pressure m3/s
Q3 Lubricant flow rate parameter due to hydrodynamic pressure 1
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Symbol Designation Unit
Qp Lubricant flow rate due to feed pressure m3/s
[ Lubricant flow rate parameter due to feed pressure 1
Rz 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
Tg Bearing temperature °C
TB,0 Assumed initial bearing temperature °C
TB.1 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
Tex.1 Calculated lubricant temperature at bearing exit °C
T, Shaft temperature °C
Tiim Maximum permissible bearing temperature °C
T Mean lubricant temperature °C
Ug Linear velocity (peripheral speed) of bearing m/s
U; Linear velocity (peripheral speed) of shaft m/s
Va Air ventilating velocity m/s
X Coordinate parallel to the sliding surface in circumferential diréction m
y Coordinate perpendicular to the sliding surface m
z Coordinate parallel to the sliding surface in axial direction m
0B Linear heat expansion coefficient of the bearing K-1
03 Linear heat expansion coefficient of the shaft K-1
B Attitude angle (angular position of the shaft.eCeentricity related to the direction of load) °
83 Angle of misalignment of the shaft rad
£ Relative eccentricity 1
n Dynamic viscosity of the lubricant Pas
Neff Effective dynamic viscosity of thelubricant Pas
% Kinematic viscosity of the Jubricant Pas
& Coefficient of resistance-tarotation in the loaded area of the lubricant film 1
& Coefficient of resistanegto rotation in the unloaded area of the lubricant film 1
& Coefficient of resistance to rotation in the area of circumferential groove 1
&p Coefficient of-esistance to rotation in the area of the pocket 1
p Density of fubricant kg/m3
o} Angular.egordinate in circumferential direction rad
01 Angular coordinate of pressure leading edge rad
© Angular coordinate of pressure trailing edge rad
74 —Retative bearmgctearance 1
% Mean relative bearing clearance 1
Weff Effective relative bearing clearance 1
Wmax Maximum relative bearing clearance 1
Winin Minimum relative bearing clearance 1
wg Angular velocity of bearing -1
oh Hydrodynamic angular velocity =
) Angular velocity of shaft -1
Q Angular span of bearing segment °
Qg Angular span of lubrication groove °
Op Angular span of lubrication pocket °
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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/yet.

F
£= tY eff .4
DBneft®h
f
P _< ... (5)
Vet SO

They are ppplied if the frictional power loss is encounted only in the loaded area of the lubricant film.
It is still ngcessary to calculate frictional power loss in both the loaded and unloaded areas then thelvalyes

f
' Y eff

f, F|E

are substituted by

fl

f’) Ffl 6’1
Y eff

in equations (4) and (5). This means that the whole of the clearance.gap is filled with lubricant.
The valugs of flygg and f'/yes for various values of g B/D-and Q are given in ISO 7902-2. It al$o gives the
approximation equations, based on [15], which are used tg determine frictional power loss values in the bearings
taking acqount of the influence of lubricating pockets and grooves.

The frictignal power in a bearing or the amount of heat generated is given by
P = PRns = fF ... (6)

P =[fF ()

6.3 Lubficant flow rate

The lubrigant fed to the bearing forms a film of lubricant separating the sliding surfaces. The pressurg build-up in
this film ferces lubricantyout of the ends of the bearing. This is the proportion Q of the lubricant flow rfate resulting
from buildrup of hydradynamic pressure.

Qs =[Py eg0n Qs - (8)

where Q4 =0Q% (e, B/ D £) is given in ISO 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 pen forces additional lubricant out of the ends of the plain bearing. This is the amount Q,
of the lubricant flow rate resulting from feed pressure:

D3y 3p
Qp = LV etiPen )
Neff

where Q} = Q% (g, B/ D, ©2) is given in ISO 7902-2.
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6.3.1 Lubricant feed elements are lubrication holes, lubrication grooves and lubrication pockets. The lubricant feed
pressure pe, 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 apphed to each half bearmg However because of the bund up of hydrodynamlc
(see 6.4),
since the refurn into the lubrication groove pIays no part in dissipating heat. It is more advantageous for a full
bearing, to grrange the lubrication groove in the unloaded part. The entire lubricant flow amount Qp-gogs into the
heat balancg.

6.3.3 Lubri¢ation pockets are elements for distributing the lubricant over the length of the béaring. The recesses
machined into the sliding surface are oriented in the axial direction and should be &s short as possible in the
circumferengal direction. Relative pocket lengths should be such shall by/B < 0,7. Althpugh 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 morg true if the end webs are penetrated axially. For full bearings (£ = 360°), a lubrication pocket opposite
to the directjon 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 forthe dissipation of frictional hgat arising
from shearirjg, the lubricating pockets shall be fully taken into accountin“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
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

10
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The influence of the type and the arrangement of the lubricant feed elements on the lubricant flow rate are dealt with

in ISO 7902-2.

The overall lubricant flow rate is given by

Q=
for lubricant filling only the loaded area of the bearing.
Q= +Q

for lubricant filling the whole circular lubrication clearance gap including unloaded part, i.e. 27.

6.4 Hedt balance

The thernpal condition of the plain bearing can be obtained from the heat balance. The heat flow, Py, s,
frictional power in the bearing, P:, is dissipated via the bearing housing to the environment and

emerging|from the bearing. In practice, one or other of the two types of heat dissipation. dominates. H
the other,|an additional safety margin is obtained during the design stage. The followinQ assumptions cag

a) Presgureless lubricated bearings (for example ring lubrication) dissipate heat-mainly through conv
envirpnment: Py, £ = Pth amb

b) Presgure-lubricated bearings dissipate heat mainly via the lubricant.Py.s = Py, |

6.4.1 Hept dissipation by convection

... (10)

... (11)

arising from
he lubricant
y neglecting
n be made:

ection to the

Heat disdipation 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]
be summed up by:

Ph,athb = kAA(-B - -Enmb)
where
Ka =[5 to 20 W/(m?2 K)
or, by ventilating the bearing housing with air at a velocity of v; > 1,2 m/s
ko =F +12,/v,

(See [3] and [14])

Should the area;of the heat-emitting surface, A, of the bearing housing not be known exactly, the follg
used as ah approximation:

transfer can

... (12)

... (13)

wing can be

— for cylindrical housings

AZZ%(Dﬁ - D2) + 7Dy By

— for pedestal bearings
A=nH @BH + g@

— for bearings in the machine structure
A=(15to 20)DB

. (14)

. (15)

. (16)

11
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where
By is the length of the axial housing;
Dy is the length of the outside diameter of the housing;
H is the 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:
Pt =PcQ &x ~ En) a7
For mineral |ubricants, the volume-specific heat is given by
pc =18|x 106 J/(m3 K) . (18)
From the hegt balance, it follows that
Pth.f = Ptnh,amb for pressureless lubricated bearings
Pih.f = Pn,L for pressure-lubricated bearings
This gives hearing temperature Tg (see [15]), and lubricant outlet tempeTature Tex (see [15]). The effective film
lubricant temperature with reference to the lubricant viscosity is
a) inthe case of pure convection: Tgs = Tg
b) in the cgse of heat dissipation via the lubricant: Test = T, =0,5 (Ten + Tex)
At high perigheral speed, it is possible to select, instead-0f'these mean values, a temperature which lieg nearer to
the lubricant{outlet temperature.
The values talculated for Tg and Ty shall be chécked for their permissibility by comparison with the permissible
operational parameters Tjiy, given in ISO 7902-3.
In the sequgnce of calculation, at first-Only the operational data Tymp or Ten are known, but not the effective
temperature| Tes, Which is required at the start of the calculation. The solution is obtained by first sfarting the
calculation using an estimated temperature rise, i.e.
a) Tgo—Thmp=20K
b) Texo—Ten=20K
and the corrgsponding operating temperatures Teg. From the heat balance, corrected temperatures Tg 1 Of Tex 1 are
obtained, wihich, By-averaging with the temperatures previously assumed (Tg g or Tey o), are iteratively|improved
until the diffgrence between the values with mdex 0 and 1 becomes negl|g|bly small for example 2 K. The condition
then attained—cc yen in 6.7

shall be taken mto account As a rule the |terat|on converges rapldly It can also be replaced by graphical
interpolation in which, for calculating Py,  and Py, amp Or Py 1, several temperature differences are assumed. If the
heat flows Py amp = f(Tg) or Py = 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=05 Dy (1+ € cos ¢) . (19)

starting with ¢ = ¢, in the widest clearance gap (see figure 1).
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The minimum lubricant film thickness
Amin =05 DWeﬁ(l_ 8)

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

The specific bearing load

pP=—

F

DB

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

... (20)

... (21)

6.6 Opd

Should th
they shall
the bearin

thermal case shall be investigated, which, as a rule, corresponds to an operating condition at high rotq

together
increasing
cannot be

If an oper
high speq

keeping the thermal condition from the preceding operating point.

The trans
for hjim sp|

Ey =

and a tran

Sq, 3

(see ISO

can be a
determing
determing
run-down
condition

rational conditions

b plain bearing be operated under several, varying sets of operating conditions over,lengthy g
be checked for the most unfavourable p, hmin, and Tg. First, a decision shall he reached 4
g can be lubricated without pressure and if heat dissipation by convection suffices." The most

vith heavy loading. If, for pure convection, excessive bearing temperatures occur, wh
the dimensions of the bearing or of the surface area of the housing-to their greatest po
lowered to permissible values, then force-feed lubrication and oil cqoling are necessary.

hting condition under high thermal loading (low dynamic lubrieant viscosity) is followed directly
ific bearing load and low rotary frequency, this new operating condition should be inves

tion to mixed friction is due to contact of the roughness peaks of the shaft and bearing undg

eriods, then,
s to whether
infavourable
ry frequency
ch even by
Esible extent

by one with
igated while

r the criteria

... (22)

... (23)

pcified in 1ISO 7902-3, whereby deformation is alseyto be taken into account. A transition eccentricity
__ Mim
L D
E‘I/eﬁ
sition Sommerfeld number:
2
Fy“eft  _ f%ug’gg
DBneﬁa)h D
7902-2)
5signed to this value. Thus, the individual transition conditions (load, viscosity, rotary sp

d. The transition condition can be described by just three coexistent parameters. In order {
one ofithem, the two others have to be substituted in the manner appropriate to this conditi
of Ahe machine, the thermal state corresponds mostly to the previous continuously-driv
bf-high thermal loading. If cooling is shut off immediately when the machine is switched off, th

bed) can be
0 be able to
bn. For rapid
N operating
is can result

in an acc
machine r

mulation of heat in the bearing, so that a yet more uniavourable value has 1o be selected 1
uns down slowly, lowering of the temperature of the lubricant or bearing is to be expected.

6.7 Further influencing factors

r nesr. If the

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

h =

w0y +og

.. (24)
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The calculation procedure, however, also applies for the case of a constant load which rotates at an angular velocity
or. In this case, the angular velocity is given by

Oh=wy +og — 20

For an out-of-balance force rotating with the shaft (o = ;), then

Op =~

D +COB

... (25)

... (26)

The absolute value of wy shall be used to calculated the Sommerfeld number. It shall be borne in mind that in the

case where

wh < 0, the shaft eccentricity is at the angle — 3 (see figure 4).

NOTE — All

The dynami
dependence
determined

temperature

The dynami
and under
neglecting o

For non-NeV
Viscosity ocq
effects are ir
The operatig
the installed

Ymax =

Ymin =

v =05

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

C viscosity is strongly dependent on temperature. It is thus necessary to know'the te

of the lubricant and its specification (see ISO 3448). The effective dynamic wiscosit
by means of the effective lubricant film temperature, Tef; that iS 7neg results from
5 Ten and Ty and not from averaging the dynamic viscosities 1(Ten) and 1(Tgy)-

L viscosity is also pressure-dependent, but to a lesser degree. For bearings in steady-state
he usual specific bearing loads p, the pressure dependence can;~"however, be negle
pressure dependency represents an additional design factor of safety.

ur as a function of the shear loading within the lubricantClearance gap and of the service |
vestigated only for a few lubricants and are not taken into.account in 1ISO 7902. [7]

n bearing clearance results from the fit and the thermal expansion behaviour of bearing an
condition (20 °C), the relative bearing clearance-is‘given by

_ I:)max - DJ,min

D

Dmin - D.],max
D

Wmax + Wmin)

The deciding factor in the calculation is the effective relative bearing clearance, we¢, at the effective lub

temperature
bearing and

Tefr, Which caf ‘be regarded — subject to the assumptions of 3.5 — as the mean temp
shaft. Insofdr{as the coefficients of linear expansion ¢ j of the shaft and ¢4 g of the beari

differ, the clg

liner with hg
account [se

For coeffici
clearance is

arance when cold (20 °C) is equal to the clearance when hot (Tef). Should shaft and bearin
using).show different temperatures (T;, Tg) due to external influences, then this shall be
equation (31)]. The linear expansion of the thin bearing layer can be neglected.

Mmperature

Y, Teff, IS
averaging

conditions
cted. This

vtonian lubricants (intrinsically viscous oils, multi-range oils) reversible and irreversible flucfuations in

fe. These

 shaft. In

given by

Ay = (O‘I,B - al,J)(Teff -20°C)

Ay =a

18(Ts —20°C) -0 4(Ts - 20°C)

Veif =V + Ay

Permissible operational values for the bearing clearance are given in ISO 7902-3.
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Figure 4

15


https://standardsiso.com/api/?name=0b93b1db9e44210f152d01a4b42ac66d

ISO 7902-1:1998(E)

Annex A
(normative)

Calculation examples

A.1 Example 1

©1SO

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 N; 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 sh
bearing line
ISO 3448-3)
lubrication. |
and the max

Should Tjim
of Ten =58 °
Dimensions

Bearing forc
Rotational fr
Rotational fr
Angular spa
Maximum bg
Minimum bo
Lubrication K
Maximum di
Minimum dig
Relative bea
Mean peak-1
Mean peak-{
Coefficient 0
Coefficient g
Lubricant oil

C.

and operational data
pguency of shaft
bquency of bearing
S

re of bearing

re of bearing

ole diameter

hmeter of shaft

meter of shaft

ring length

0-valley height of bearing
0-valley height of shaft

ft bCiIIU Uf atcc:. OI: ib oupp“cd via [} :IU:C vvith dL - 5 LILLLLA R d;alllctl |\.,a”y UppUD;tC t:lc :uadcd
r, as shown in figure 1. The lubricant employed is an oil of viscosity grade ISOA/G
First of all, an investigation is to be made as to whether the bearing can perform without
N this case, heat dissipation occurs only by convection. The ambient temperature is to be Ty
mum permissible bearing temperature Tjj,, = 70 °C.

e exceeded, then force-feed lubrication with external oil cooling is to be provided. In such a
assumed that the lubricant is fed to the bearing at an overpressure of pep, =5 x 105 Pa.and an oil inlet te

F =36 000N

N; =33,33s-1

Ng=0s-1

0Q=360°

Dpmax = 120,070 x 10-3 m
Dmin = 120,050 x 10-3 m
d. =5x10-3m

D max = 119,950 x 10-3 m
Dy, min = 119,930 x 10-3 m
B/D=0,5

Rz =2x106m
Rzz=1x106m

rea in the
100 (see
orce-feed
b =40 °C

case, it is
mperature

Heat transfer coefficient

Ambient temperature

f linear expansion.of bearing o =23x10°6 K-1
f linear expansion, of shaft 0 3=11x10-6K1
ISO VG 100
Test Nefi(Ter)
°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
ka = 20 W/(m2-K)
Tamb =40 °C
Lubricant inlet temperature for force-feed lubrication Ten =58 °C

Lubrication feed overpressure for force-feed lubrication
Specific heat by volume of the lubricant

16

Pen =5 % 105 Pa
pc=1,8 x 106 J/(m3-K)


https://standardsiso.com/api/?name=0b93b1db9e44210f152d01a4b42ac66d

©1S0 ISO 7902-1:1998(E)

Limiting values

Maximum permissible specific bearing load Pjim =10 x 106 Pa
Maximum permissible bearing temperature Tjim=70 °C
Minimum permissible lubricant film thickness hjim =9 x 106 m

Calculation based on the flow chart  (see figure 1)

Check the laminar flow [see equation (2)] at an assumed bearing temperature Tg o =60 °C and an assumed
lubricant density p = 900 kg/m3:

Re=|" x 120 x 1073 x 33,33 x 1,48 x1073 x 120 x1073 x 900 = 2714
2x0,037

<41

-3
s\/ 120 x 10 -10735

148 x 1073 x120 x 103
Re=[2714 <1073,5

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

From equption (21)

p= 36 000 =5x106 Pa
120 x 103 x 60 x 103

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

Heat dissjpation by convection

Assumed [initial bearing temperature
Tso F Tess =60 °C

Effective dynamic viscosity of the lubrieant at T = 60 °C from the input parameters
Neft T 0,037 Pals

Relative Hearing clearances{see equations (27), (28) and (29)]

_ (120,070:>119,930) x 103

170 x 103 =11667 x1073

Y ma

(120,050 - 119,950) x 103
120 X102

=0,833 x10-3

Y minl=

v =05 (11667 +0,833)x10~3 =1073

Thermal change of the relative bearing clearance [see equation (30)]

Ay =(23-11) x 106 x (60 - 20) = 0,48 x 103

Effective relative bearing clearance [see equation (32)]

Wi =(1+048) x10-3 =148 x 10-3

17
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Effective angular velocity [see equation (24)]

— Angular
N
— Angular
wp

Wh

velocity of the shaft:

=2xmxNj=20942s-1

velocity of the bearing:
=0

=209,42 +0=209,42 s71

Sommerfeld

So=

L L 44 L2\]
NMuUImutcT 1oTT TYUAUUTT (V)]

2 -6
36 000 x1,48< x 10 ~1408

12p x 1073 x 60 x 1073 x 0,037 x 209,42

Relative eccgntricity (see ISO 7902-2)

£=f%

Minimum [ul

Pmin =

Specific coe
f T
Y eff

Coefficient g

fr=—
Y4

Heat flow du

Pt =9

q%, Q@z 0773

ricant film thickness [see equation (20) and figure 1]
5 %120 x1073 x 148 x 1073 x (1-0,773) = 20,2 x 106 m
ficient of friction [see equation (4) and ISO 7902-2]

B
fgs —,QQ: 3,68
D

f friction

i X Weff = 3,68 x148 x 1073 =545 x 103

ff

e to frictional power in bearing-[see equation (6)]

120 x10-3

,45 x 1073 x 36 000 x x 209,42 =2 465,3Nn/s=24653W

Heat flow rate via bearing housing and shaft to the environment [see equation (12)]

F)th,amb

From Py, ¢ =

-

4

=20 x 0,3 x{T51 — 40)

Pth anip-t follows that

4553 +40=4509°C

Tg1=

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

Improved as

20 x0,3

sumption of the bearing temperature 1):

Tho+1=Tho +02 (T, ~ T,0)=60+02 x (4509 - 60) = 13818

1) The assumption may be presented in alternative ways.

18
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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 Tg o and the calculated bearing temperature Tg 1 is less than 1 °C. The bearing
temperature Tg has thus been calculated to a sufficient degree of accuracy.

Since Tg > Tjim, heat dissipation by convection does not suffice. This bearing has therefore to be cooled by the
lubricant (force-feed lubrication

Table A.1
Variable Unit Step of the calculation
1 2 3 4 5
Tro = [Teff °C 60 138,2 135,5 134,4 133,8
Nef Pa-s 0,037 0,003 6 0,003 9 0,003 95 0,004
Ve 1 1,48 x 103 2,392 x 10-3 2,386 x 10-3 2,373 x 10-3 4,36 x 10-3
So 1 1,408 37,95 34,85 34,04 33,24
£ 1 0,773 0,977 0,974 0,973 8 0,973
hrmidh m 20,2 x 10-6 3,3x10-6 3,72 x 10-6 3,73 x10-6 3,82 x 10-6
f'/l// Lt 1 3,68 0,47 0,501 0,508 0,52
P+ w 2 465,3 508,55 540,7 545,3 558,18
Tg °C 450,9 124,8 130,1 131,2 133
Tg, °C 138,2 135,5 134,4 138,8

Heat dissijpation via the lubricant (force-feed lubrication)

Assumed initial lubricant outlet temperature
Tex0[= Ten +20°C=78°C

Effective lubricant film temperature (see 6.4)
Terf 0,5 % (58 +78)=68°C

Effective dlynamic viscosity of the lubricant at Tes = 68 °C from the given parameters
Nef T 0,027 Pal$

Thermal modification of-the’relative bearing clearance [see equation (30)]

Ay 3 (23 - 1)*106 x (68 — 20) = 0,576 x 10~3

Effective felative bearing clearance [see equation (32)]

v - (Y+ 0576)x10-3 =1576 x10-3
eff A% T 7 il

Sommerfeld number [see equation (3)]

36 000 x 1,5762 x 1076

So=
120 x10-3 x60 x10~3 x 0,027 x 209,42

=2196

Relative eccentricity (see ISO 7902-2)

g=f %q %, Q@z 0,825

19
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Minimum lubricant film thickness [see equation (20) and figure 1]

hin = 0,5 x120 x 1073 x 1576 x1073 x (1-0,825) =16,35 x 106 m

Specific coefficient of friction [see equation (5) and ISO 7902-2]

f'
Y eff

Coefficient o

fr=

f Eso B ng 278
eff D

f friction

[

X Yo = 2,78 x1576 x 1073 = 4,881x 103

Y4

Heat flow ra
Pt =4

Lubricant flo
Q3 =12

Lubricant flo

q. =12

e
Qp 48

TT
—t X

ff
e due to frictional power in bearing [see equation (6)]

120 x10-3

,881x 1073 x 36 000 x x 209,42 =1981,7Nn/s=1981,7 W

v rate due to generation of internal pressure [see equation (8) and 1ISO ,7902-2]

03 x 1079 x 1576 x 1073 x 209,42 x 0,096 8 = 55,21x 10~6 m3/s

v rate due to feed pressure [see equation (4) of ISO 7902-2:1998]

D4 +0,368 x > — 1046 x @gg +1942 x @gg = 1228
60 0 0

| (1+0825)°
0
In @%@x 1228

03 x1079 x 15763 x 1079 x5 x 105

=01304

x 0,130 4 = 16,33 x 10~6 m3/s

Heat flow ra
Pl =1

Since Py, s =

0,027

WV rate [see equation (11)]

21+16,33) x 1076 =7454 x 1076 m3/s

e via the lubricant [see equation (17)]

8 x 106 x 7154 x 1076 x (T, — 58)

Pth,e

19817

Tex,1 =

Since Tex 1 < Tex 0, the assumption of a lubricant outlet temperature of Tex g = 78 °C has to be corrected.

Improved as

18 x 106 x 71,54 x 106

e ¢]

22 A 0
ro,= o

|
L) 3

sumption of the lubricant outlet temperature

Tex0 =05 % (78 +734)=757°C

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

20

©1SO


https://standardsiso.com/api/?name=0b93b1db9e44210f152d01a4b42ac66d

© SO ISO 7902-1:1998(E)
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
Tetf °C 68 66,85 66,45
Neff Pas 0,027 1 0,028 3 0,028 7
Veff 1 1,576 x 10-3 1,562 x 10-3 1,557 x 10-3
So 1 2,196 2,057 2,023
3 T 0,825 4 U,8246 0,918
Nmin m 16,55 x 106 16,87 x 10-6 17 %[10-6
/v est 1 2,78 2,84 2f9
P¢ W 1981,7 2 006 x 65 2 03B,96
Q3 m3/s 55,21 x 10-6 54,49 x 10-6 54,09 k 10-6
Qp m3/s 16,33 x 10-6 15,04 x 10-6 14,64 K 10-6
Q m3/s 71,54 x 10-6 69,53 x 1076 68,73 k 10-6
Tex.1 °C 73,4 74 745
Tex,0 °C 75,7 749

In the thirfl step of the calculation, the difference between the assumetinitial lubricant outlet temperatyire Tey o and
the calculated lubricant outlet temperature Tey 1 is smaller than 1.2C. The lubricant outlet temperafure Tey has
therefore peen calculated to a sufficient degree of accuracy.

Since Tex|< Tiim. the lubricant outlet temperature is permissible;

Since hmid > hjim, the minimum lubricant film thickness is\permissible.

Instead of the iteration calculation, it is possible to use graphical interpolation. This is done by pdrforming the
calculation for a series of assumed temperatures Tg or Tox expected (which cover the range of the expected

solution).

In table A.3, all intermediate results forthe case of heat dissipation via the lubricant (force-feed lufrication) 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 dnit Step of the calculation
1 2 3 4
Te °C 58 58 58 58
Te °C 62 82 102 74,87
Te °C 60 70 80 56,44
Neff Pas 0,037 0,025 0,018 0,028 7
Veff 1 1,48 x 103 1,6 x 10-3 1,72 x 103 1,557 x 10-3
So 1 1,408 2,429 3,934 2,023
£ 1 0,771 0,838 3 0,880 1 0,818
hrnin m 20,34 x 10-6 15,52 x 10-6 12,37 x 106 17 x 10-6
f'/l//eﬁ 1 3,65 2,572 1,89 2,895
P¢ W 2 443,58 18615 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 106
Po 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 bedring with dimensions D =1 040'mm and B = 758 mm (£ = 150°) lubricated via a lubrication pocket, as
shown in figlire A.2, with slight overpressure. According to 6.3, the oil flow rate Qp plays no part in the hegt balance.
Heat dissipation is thus due to the lubricant flow rate, Qs, alone, as a result of generation of internal pregsure. The
oil inlet temperature is Tgn, = 24 °CLThere is no difference in the thermal expansion between shaft, bearing liner and
bearing housing.
Dimensions fand operational data
Bearing forcg F=106 N
Rotational frequency of shaft N;=1,4283s1
Angular velgcity,of shaft 3= owh=8,974s1

Angular span
Bearing bore

Mean relative bearing clearance

Relative bearing length

Lubricant oil,

Q=150°
D=1010x10-3m
W = 10—3
Thermal modification of the relative bearing clearance Ay =0

B/D = 0,75
ISO VG 46

Teft Nett(Teff)

°C Pa-s

20 0,132 4

30 0,072 1

40 0,043
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Lubricant inlet temperature for force-feed lubrication Ten=24°C
Specific heat by volume of the lubricant pc=1,8x 106 J/(m3-K)

Limiting values

Maximum permissible specific bearing load Pjim =10 x 106 Pa
Maximum permissible bearing temperature Tiim=70°C
Minimum permissible lubrication film thickness hiim =9 x 106 m

Figure A.2

Calculatign based on the flow chart  (see figure 4)

Check theg laminar flow [see equation (2)] at an assuméd effective lubricant film temperature Tes =40 °C and an
assumed Jubricant density p = 900 kg/m3:

-3 -3 -3
Re:7r><1010><10 x 1428 3 x1073 x 101010 ><900:47!9

2x0,043
-3
<4], 31/% =1306

Re=K47,9 <1306

Flow is laminar. Thus 1SO-7902 is applicable in this case.

From equption (21):

— 106
= =1306 x 106 Pa
P 1854 10-3 x1010 x 1073 -

The specific bearing load p is permissible, since p < pjiy,.

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 Tey o and the calculated outlet temperature
Tex 1 is less than 1 °C. The lubricant outlet temperature Tey has therefore been calculated to a sufficient degree of
accuracy.

Since Tegx < Tjim, the lubricant outlet temperature is permissible.

Since hmin > hjjm, the minimum lubricant film thickness is permissible
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