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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 proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

lrawn to the possibility that some of the elements of this document may)be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO’s adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical Committee1SO/TC 123, Plain bearings, Subcommittegq SC 8,
Calculation njethods for plain bearings and their appli€ations.

Any feedback or questions on this document sheuld be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found\at www.iso.org/members.html.
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Introduction

The calculation procedure specified in ISO 7902-1:2020 is useful to calculate the performance of
hydrodynamic plain journal bearings with a circular cylindrical shape. This procedure, however,
does not specify the maximum bearing temperature, which is one of the most important bearing
characteristics. The reason for this is that ISO 7902-1:2020 is based on the Reynolds equation which
assumes a constant lubricant film temperature. Therefore, the calculation procedure requires some
numerical iteration before the effective dynamic viscosity in the lubricant film is converged.

This document prov1des a calculatlon procedure for the maximum bearlng temperature and the
effective e a oaded hydrodynamic
plain ournal bearmgs with a c1rcular cyhndrlcal shape, w1th0ut any compllcated numerical analysis and
iteratfive calculation. The basic formulae contain the energy equation and the formula of temperature-
viscosity of the lubricant to obtain the maximum bearing temperature. Since the results already satisfy
the efergy balance, no iterative calculation is required.

For the reason given above, the effective dynamic viscosity in the lubricant film obtained by the
procedure in this document can also be a good input data for ISO 7902-1:2020. Annex| A shows an
example of how the calculated results serve to provide input data for ISO-7902-1:2020.

© IS0 2022 - All rights reserved v
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Plain bearings — Thermo-hydrodynamic lubrication
design charts for circular cylindrical bearings under
steady-state conditions
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Symbols and units are defined in Figure 1 and Table 1. Abbreviated terms are defined in Table 2.
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Figure 1 — Illustration of symbols
Table 1 — Symbols and their designations
Symbol Designation Unift
B Bearing width m
B Width ratio (B* = B/D) 1
Cr Bearing radial clearance (Cg = R - R)) m
Cy Specific heat of the lubricant ]/ (kglK)
D Inside diameter of journal bearing m
Dy Journal diameter m
E, Function of relative dyfiamic viscosity of the lubricant 1
E; Function of relative dyhamic viscosity of the lubricant 1
e Eccentricity between journal and bearing axis m
ey Eccentricity imthe horizontal direction between journal and bearing axis m
e, Eccentricity/in the vertical direction between journal and bearing axis m
e; Relative heat energy of lubricant at the exit of the gap 1
F Bearing load N
Fy Function of relative dynamic viscosity of the lubricant 1
Fy Functiomrof retativedymamicviscosity of the tubricant T
F, Function of relative dynamic viscosity of the lubricant 1
Local lubricant film thickness m
h* Relative local lubricant film thickness (h" = h/Cg) 1
Rotational frequency of the rotor st

Og Centerline of circular cylindrical bearing 1
0, Centerline of journal 1

NOTE 1 S number is frequently referred to as Sommerfeld number. See References [4] to [6].

NOTE 2 InISO 4378-5,[11 Bis defined as the attitude angle or the temperature viscosity coefficient. In ISO 7902-1:2020, S is
defined as the attitude angle. However, in this document, the attitude angle and the temperature viscosity coefficient are
represented by ¢ and f, respectively, to avoid confusion due to duplication.

2 © IS0 2022 - All rights reserved
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Table 1 (continued)

Symbol Designation Unit
Pe Peclet number (Pe=C[2{ pc,®/ ) 1
p Local lubricant film pressure Pa
p Relative local lubricant film pressure [p* = p2/(n,w)] 1

Lubricant side flow rate leaking out of one of the bearing side ends due to 3

Qs hydrodynamic pressure m=/s

« Lubricant side flow rate parameter leaking out of one of the bearing side ends

Ost due to hydrodynamic pressure [():c =Q¢ /(RBCrm) ] 1

Q4 Lubricant flow rate at the entrance into the gap (¢ = ¢4) m3/s

Qs Lubricant flow rate at the exit of the gap (¢ = ¢3) m3/s

Q; Lubricant flow rate parameter at the exit of the gap [Q; =Q3 /(RBCxw)1 1

R Journal bearing inside radius (R = D/2) m

Ry Journal radius (R = D;/2) m

So S number formed with , and w [S, = BDnyw/(Fip?)] 1

T Lubricant temperature °C

T, Average temperature of lubricant film °C
AT Relative difference between average temperature‘of lubricant film and lubri- 1

ar cant supplying temperature [AT, . = lpzpcp(Ta <T0)/(Mow)]

Ty Bearing temperature °C
T8 max Maximum bearing temperature °C
AT, Relative difference I_)et\zxveen bearingtemperature and lubricant supplying 1

, temperature [ATg . = Ypc, (T — Fy)/(now)]
y Relative difference between maximum bearing temperature and lubricant 1

"Bmaxr | supplying temperature [ATg max,r = ¥2PCp(Tmax = To)/ (o)

Logarithmic modified(relative difference between maximum bearing
temperature and lubricant supplying temperature [ 1

AITB max,r —_—
,max, *-0,154 5 1,75 p*8
ATB,max,r =logp (ATB,max,r B Pe B )]

Tos Effective lubrieant film temperature °C
Tex0 Assumed-initial lubricant temperature at bearing exit °C
Tex1 Calculated lubricant temperature at bearing exit °C

T, Journal surface temperature °C
AT Relative difference between journal surface temperature and lubricant sup- 1
Jr plying temperature [AT| . = ?pc,,(T; - Ty)/(now)]
AT Relative difference between lubricant temperature and lubricant supplying 1
r temperature [AT, = 2pc,(T - Ty)/(now)]

T, Lubricant supplying temperature °C

T, Lubricant temperature at the entrance into the gap (¢ = ¢) °C
AT Relative difference between lubricant temperature at the entrance into the 1

Lr gap and lubricant supplying temperature [AT,; . = 1,[12pcp(T1 - To)/(Mow)]
T3 Lubricant temperature at the exit of the gap (¢ = ¢3) °C
U Circumferential speed of the journal (U; = Rjw) m/s
u Velocity component in the circumferential direction m/s
u* Relative velocity component in the circumferential direction (u* = u/Up) 1

NOTE 1 S number is frequently referred to as Sommerfeld number. See References [4] to [6].

NOTE 2 InISO 4378-5,[11 Bis defined as the attitude angle or the temperature viscosity coefficient. In ISO 7902-1:2020, B is
defined as the attitude angle. However, in this document, the attitude angle and the temperature viscosity coefficient are
represented by ¢ and f3, respectively, to avoid confusion due to duplication.

©1S0 2022 - All rights reserved 3
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Table 1 (continued)

Symbol Designation Unit
1% Velocity component in the cross-film direction m/s
v Relative velocity component in the cross-film direction [v* = v/(Crw)] 1
w Velocity component in the axial direction m/s

w* Relative velocity component in the axial direction [w* = w/(Bw)] 1
y Coordinate across the lubricating film m

y* Relative coordinate across the lubricating film (y* = y/h) 1
z Coordinate in the axial direction m
z" Relative coordinate in the axial direction (z* = z/B) 1
a Contraction ratio of the lubricant streamlet 1
B Temperature viscosity coefficient of the lubricant [ = In(14¢/1100)/60] 1/°C
B Relative temperature viscosity coefficient of the lubricant [8" = nywf/(p¢,¥3)] 1

The first logarithmic relative coordinate variable in design chart for
Y, difference between maximum bearing temperature and lubricant sipplying 1
,max *1,54
temperature [yATB,max =logyp (50 B )]
The first logarithmic relative coordinate variable in design.chart for effective
Mgt relative dynamic viscosity in lubricant film [yneff ) =logg (50 B0 ) ] 1
£ Relative eccentricity (e = e/CR)
&, Relative eccentricity in the horizontal direction (&= e},/Cg)
£, Vertical eccentricity in the vertical direction (g,'= e, /Cy)
n Dynamic viscosity of the lubricant Pa-$
Average dynamic viscosity in lubricant{ilin corresponding to difference AT,
N, between average temperature of lubricant film and lubricant supplying tem- Pa-$
perature
Relative average dynamic viscosity in lubricant film corresponding to relative
Nar difference AT, . between ayerage temperature of lubricant film and lubricant 1
supplying temperature (B;}'=1,/7,)
Neff Effective dynamic viscosity in lubricant film Pa'$
Neftr Effective relative dynamic viscosity in lubricant film (1 = nege/M)
Nrel Relative dynamjeviscosity of the lubricant (1., = n/n,)
Mo Dynamic visgosity at the lubricant supplying temperature Pa‘$
M40 Dynamic¥viscosity of the lubricant at 40 °C Pa-§
N100 Dynamnitic viscosity of the lubricant at 100 °C Pa-p
Eogarithmic modified effective relative dynamic viscosity in lubricant film [
*~0,01 1,10 5*2,35 1
Mef r Neft r =l0g10 (neff,r B Pe ﬁ )]
The second logarithmic relative coordinate variable in design chart for
KaT, difference between maximum bearing temperature and lubricant supplying 1
e temperature [ip,  =logyg (Pe B ) ]
The second logarithmic relative coordinate variable in design chart for
effective relative dynamic viscosity of lubricant film [ 1
K:’)eff,r *1,95
Kilegr,» = 10810 (Pe B )]
A Thermal conductivity of the lubricant W/(m-K)

NOTE 1 S number is frequently referred to as Sommerfeld number. See References [4] to [6].

NOTE 2 InISO 4378-5,[11 Bis defined as the attitude angle or the temperature viscosity coefficient. In ISO 7902-1:2020, B is
defined as the attitude angle. However, in this document, the attitude angle and the temperature viscosity coefficient are
represented by ¢ and f, respectively, to avoid confusion due to duplication.
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Table 1 (continued)
Symbol Designation Unit
T Circular constant (m = 3,141 592 ..)) 1
p Density of the lubricant kg/m3
0] Angular coordinate in the circumferential direction rad
P Angular coordinate at the entrance into the gap (¢, = 0) rad
o Angular coordinate at the end of the hydrodynamic pressure build-up rad
P53 Angular coordinate at the end of the gap (¢; = 2m) rad
— Attitude angle (angular position of the shaft eccentricity related to the direc- o
tion of load)
Y Relative bearing clearance () = Cy/R) 1
0 Angular span of bearing segment (2 = 360°)
Qg Angular span of lubricant pocket (2 = 0°) °
1) Angular speed of the rotor (w = 2nN) rad/s
NOTE|1 S number is frequently referred to as Sommerfeld number. See References [4] t0-[6].
NOTE2 InISO 4378-5,[11 Bis defined as the attitude angle or the temperature viscsity coefficient. In ISO 7902-1:2020, S is
defingd as the attitude angle. However, in this document, the attitude angle and the temperature viscosity|coefficient are
repregented by ¢ and f3, respectively, to avoid confusion due to duplication.

Table 2 — Abbreviated terms and-their designations

Abbreviated term Designation

isothermal condition at the journal surface (lubricant film-journal intefface) and

ISOADI adiabatic condition at the bearing surface (lubricant film-bearing interface)

THL thermo-hydrodynamiclubrication

5

5.1

Basis of calculation, assumptions, and preconditions

Assumptions and precenditions

The fpllowing idealizing assumptions and preconditions are made, the permissibility of which has been

suffidiently confirmed bgth-experimentally and in practice.

a)
b)

‘)
d)

e)

f)
g)

h)

e lubricant corresponds to a Newtonian fluid.
1l lubricantflows are laminar.

e lubricant is incompressible.

Imertia effects, gravitational and magnetic force of the lubricant are negligible.

The components forming the lubrication clearance gap are rigid or their deformation is negligible;
their surfaces are ideal circular cylinders.

The lubricant adheres completely to the sliding surfaces.

The lubrication clearance gap in the convergent clearance is fully filled with the lubricant. The
lubrication film in the divergent clearance ruptures and divides into multiple streamlets from
@ = ¢, where p* = dp"/0¢ = 0. The streamlet shrinks its width as the lubrication clearance gap
increases along the circumferential direction (¢-coordinate). The circumferential centerline of
each streamlet coincides with each of the circumferential computational grid lines. The density and
the thermal properties such as specific heat and thermal conductivity of the lubricant are uniform
in the streamlets. There exist stationary air cavities between the streamlets.

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

© IS0 2022 - All rights reserved 5
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i) The radii of curvature of the surfaces in relative motion are large in comparison with the lubricant
film thicknesses.

j)  Thereis

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

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

1) The viscous force due to the cross-film gradient of the circumferential and the axial velocity
components (¢- and z-coordinate) is significantly larger than the other viscous forces.

m) The temperature and viscosity of the lubricant film are two-dimensionally distributed within the
lubricatipm clearance gap (@y-plane). They vary little in the axial direction (Z-coordinate) an

be repre

n) The heat
the cros

0) Thevisc
velocity
gradient

p) The surf

sented by the distribution in the midplane of the bearing width.

flow due to heat conduction within the lubrication clearance gap is significantly lar
-film direction (y-coordinate) than in the other directions (¢- and z-coordiifate).

bus energy of the lubricant film dissipated by the cross-film gradientef the circumfer
component (¢-coordinate) is significantly larger than those due-to the other ve
S.

ace temperature of the rotating journal is uniform in theleircumferential and the

directions (¢- and z-coordinate).

q) The stat
r) Thevisc

s) Lubricary
The ang
lubrican
feeding 1
and the
into the

5.2 ISOAL

5.2.1 Geng

ISOADI THL
adopted to

onary bearing surface is adiabatic and does not allow heat flux to pass through.
bsity of the lubricant changes exponentially withdthe temperature.

t at a constant temperature is fed from the>single pocket located at the apex of be
1lar span of the lubricant pocket () is negligibly small (£2; = 0°). The magnitude
F feed pressure is negligible in comparison with the lubricant film pressure. The lub
ate is the same as the lubricant leakage rate from the bearing side ends. The fed lub
recirculating lubricant are fullymixed and form a uniform mixing temperature. It
ubrication clearance gap.

I THL model

bral

model, which4s)classified as one of simplified THL models in References [5] and
repare the design charts to read the maximum bearing temperature and the eff

viscosity in Jubricantfilim for the THL bearing design in the dimensionless form. The model ass

an isotherm
dimensionle
temperature

h] journal’surface (T constant) and an adiabatic bearing surface. The model use
s bearing design variables (S number S, width ratio B*, Peclet number Pe and re
Viscosity coefficient of the lubricant ) as input data. The model solves the gener

d can

ger in

ential
locity

axial

aring.
bf the
ricant
ricant
flows

[6], is
pctive
umes
5 four
lative
hlized

Reynolds eq

atfontZand the energy equation Simuitaneously, coupted withr Some Tetated for

ulae

such as lubricant film thickness, lubricant viscosity, etc. The maximum bearing temperature and the
effective dynamic viscosity in the lubricant film are calculated for a wide range of bearing specifications
and operating conditions in the dimensionless form.

5.2.2 Generalized Reynolds equation

The generalized Reynolds equation for a journal bearing with finite width is defined as Formula (1) in
the dimensionless form:

i|:;{“3
Ly

F, °_I, 1* a* h*3FZaL* 9B
00 | 4B 3z 0z el Ey

€y

© IS0 2022 - All rights reserved
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where
Fy=Ey(9,1),
F =E1(9,1),
1y2 . F
Fzzj BNV
0rlrel FO
as

*

N 1~ N
By (o.y )=I0y AL (0.y )=J0y %eldy

Formpila (1) is numerically solved, taking into account the boundary conditiong\for the generation of
presspre. See Reference [7] for the derivation of the generalized Reynolds equation.

5.2.3| Energy equation for lubricant film temperature distribution

The energy equation for the lubricant film temperature distribution(along the midplane of the bearing
widtH is defined as Formula (2) in the dimensionless form:

* * \2

Y P U S AR A @
9o p L) Jay dy | Peh © 9y h“\ay

where u* and v* are defined as shown by Formulae (3) and (4):

<

* * F * ap* EO(¢5y*)
=h?|E(@,y )-—LE, (o, —x— 3
u [1(¢y) 7 o(¢y):|a(p+ 7 3)
g v (ou" _y* oh™ ou’ |
v =-n"; [aq) W 99 oy de (4)

Formpila (2) is numerically solved, taking into account the simplified boundary condifions for the
lubridant film temperature distribution. See Reference [4] for the derivation of the energy pquation.

5.2.4| Formula forlubricant film thickness

The relative locallubricant film thickness of a circular cylindrical bearing is given in Formjula (5):

h| =1+g;cos@+gpsing (5)
where

£, =EC0S0Q,

& =€sing .

©1S0 2022 - All rights reserved 7
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5.2.5 Formula for axial contraction ratio of lubricant streamlet

The axial contraction ratio a of the lubricant streamlet is calculated based on the law of conservation
of mass and the assumption of uniform width in the cross-film direction (y-coordinate) as shown by

Formula (6):

(6)

In the case of

5.2.6 Tem

The relative

nrel =¢c

5.2.7 Zera

A uniform jo
which the to

2T %

oh

5.2.8 Forn

The uniform
the gap, is gi

where Qy,

J~2T
0

*

Qs =

perature-viscosity relationship

_ﬁ*

Hynamic viscosity of the lubricant is given as Formula (7) following the@xponential 1

AT,

r

net heat flow method for journal surface temperature

hrnal surface temperature AT . is determined by applyintg the zero net heat flow met

0
al heat flow exchanged between the journal and the surrounding lubricant film is eqllLal to
zero as Formula (8) in the dimensionless form:

JAT,
ay*

J dp=0
y' =1

hula for mixing temperature

mixing temperature, which eorresponds to the lubricant temperature at the entranc
en as Formula (9) in the dimensionless form:

*

)
3 + 2st

; and e; aregdefined as shown by Formulae (10) to (12):

1 * *
jo (h X )z*:1/2 dy

*

do

1/1

hodel:

(7)

din

(8)

e into

(9)

(10)

(1/ * * *

*

%=]

=[5,

1/2J0 \UCI'I u )(p:Zﬂ: ay dz

1 * x %
J.O (ah u AT, )¢=2n dy dz

As Formula (13):

*2

*

W =—7
4B™

*

dp
oz

1

o)1

0

E, ((Pay*)
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5.2.9 Balance of bearing load and lubricant film reaction force

The relative eccentricity € and the attitude angle ¢ are calculated so that the bearing load and the

lubricant film reaction force are balanced. The equations of the balance in the horizontal and vertical
direction are shown in Formulae (14) and (15), respectively.

1¢1/2 (21 & »

_EJ.—l/Z 0 p sinpdpdz =0 (14)
1¢1/2 (27 « « 1

_= = 1
5 -[—1/2 P cospdgdz 5. (15)

5.3 |Boundary conditions

5.3.1| Pressure distribution of lubricant film

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

— af the entrance into the lubrication clearance gap: p* ((pl Z ) =0y
— af the end of the lubrication clearance gap: p* ((p3 , z ) =04

[ the bearing side ends: p* (p,£1/2)=0;

|
QO

— af the end of the hydrodynamic pressure build-up: p* ((pz Z ) =0 and ap* /a(p(q)z Z |=0;

—e

1 the ruptured region of the lubricant film{from ¢ = ¢, to ¢ = @3: p* (go, z ) =0.

5.3.2| Temperature distribution of lubricant film

The Boundary conditions for the lubricant film temperature distribution along the midplane of the
bearipg width fulfil the following thermally simplified conditions in the ISOADI THL mode]:

— af the entrance into the lubrication clearance gap: AT, ((01 ,y*) = AT,

— af the interface of thelubricant film and the rotating journal surface: AT, (@,1) = AT} |
— af the interface.0f the lubricant film and the stationary bearing surface: dAT, /ay* ((p, O) =0.
NOTE Theboundary condition at the end of the lubrication clearance gap (¢ = ¢3) is not required because

there xists noreverse flow of the lubricant from the lubricant pocket into the lubrication clearjance gap, and
therefore£he€ lubricant pocket is always located on the downstream side.

5.4 Basis of calculation

By solving Formulae (1) to (15) under the related boundary conditions simultaneously and numerically,
the maximum bearing temperature and the effective dynamic viscosity of the lubricant are obtained as
ISOADI THL solutions.

The procedure is as follows:

a) After the values of four dimensionless bearing design variables S, B, Pe and " are given, the
uniform distributions of p*, AT, and ., are initially set to be 0, 0 and 1, respectively, and the initial
distribution of h™ is calculated from Formula (5) for the assumed values of e and ¢ .

b) The generalized Reynolds equation [see Formula (1)] is solved for p*.

©1S0 2022 - All rights reserved 9
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Then, relative velocity components in the circumferential, axial and cross-film directions and also

contraction ratio of the lubricant streamlet are calculated from Formulae (3), (13), (4) and (6),
respectively.

simultaneous solution of AT, AT . and AT ..

Next, ..

| is updated, utilizing AT, (see Formula (7)).

lubricant are repeated until the relative error resulting from the update is sufficiently small.

When Fd

g)
values o

The valu
all nume

h)

The may
A7bﬁnamr

6

6.1 Gener

A set of desig
maximum b
lubricant filn
Pe and ) th

The axes of t
Ko ), which

shown in Fig

point specifi

Moy, 1S Obt3
Figure 3.

NOTE1 TH

NOTE 2
charts can be
lubrication m

Design|charts

The data_set.covers a wide range of calculated relative eccentricity € from 0,03 to 0,93. Two

Tmulae (14] and (15] are not satisiied, repeat the procedure (rom b) to 1) With cort
"eand ¢ until Formulae (14) and (15) are satisfied.

rical grid points in the lubricant film.

imum value of AT and the value of n, . corresponding to AT, . are saved as the val
and 1. , respectively.

al

n charts shown in Figures 2 and 3 are given as desigh tools for obtaining the dimensi
paring temperature ATg .., and the effective-relative dynamic viscosity 7y,
1, respectively, from the given values of four dimensionless bearing design variables
ht govern the steady-state characteristics-0f-circular cylindrical bearings.

ne design charts are the four dimensignless coordinate variables (¥, - Ky, > ¥y |

are defined using Sy, B", Pe and(B;Isotherms of AT} and isoviscous lines of 7] 4

max,r
ures 2 and 3, respectively. Awvalue of A/TB:;; is obtained corresponding to the

ed by the horizontal coprdinate ¥,,  and the vertical one k,; in Figure 2. A va

ined corresponding'to the cross-point specified by both coordinates ¥, . and K

e procedure foer-drawing the design charts based on a database is shown in Reference [6].

applied.in the design of small to large circular cylindrical bearings operated in the hydrodyj
de’

ml

The energy equation (see Formula (2)) is solved, coupled with Formulae (8) and (9), for the

The calculation steps from the Reynolds equation to the update of the dynamic viscosity of the

ected

e of AT,  is calculated as the arithmetic mean value of all temperature values calculated at

hes of

nless
the
Sor B,

and

are

5
[rOSS-

lue of

in

jeff ,r

Hesign
namic

NOTE3  The determination method of the formulae ATg ., - =logqg (ATB,max,r B 0% pel 7 ﬁ*g) and

Nefr r =10810 (neff,r B =001 peli10 ﬁ*2’35) from ATg ax » @nd 7oge . which are calculated by ISOADI THL with

consideration

10

of the dimensionless bearing design variables (S,, B, Pe and *) is shown in Reference [6].
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Figure 2 — Design chart for dimensionless maximum bearing temperature ZTTE’maX’r (
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Figurge 3 — Design chartfer dimensionless effective lubricant film viscosity 7, . (
logyo (Ney B P10 p7435))

6.2 Inputlof design charts

The four dinjensiopless bearing design variables S, B, Pe and 8" specified to the set of the two design
charts are dgfined as shown by Formulae (16) to (19):

Sy = Bg’/‘;“’ (16)
« B
B = (17)
pez GLPGO 18)
A
= l’%ﬁ (19)
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6.3 Axes of design charts

The four dimensionless coordinate variables shown in the design charts (Y., . Ky o ¥y,
K, ) are defined using the four dimensionless bearing design variables S, B, Pe and " spec1f1ed as
shown by Formula (20) to (23):

*1,54

VAT max = 10810 (50 B ) (20)

*4
KATg max = 10810 (Peﬁ ) (21)
Y] =lo (S B*1,90) (22)

leff - 810~0

_ *1,95
K%ff’r =logo (Peﬁ ) (23)
NOTE The manner in which the four dimensionless coordinate variablésyare determined from the four

dimersionless bearing design variables is shown in Reference [6].

6.4 |Read of design charts

Figurp 2 of double logarithmic coordinates shows the isotherms of logarithmic modified dymensionless
maximum bearing temperature A7y . = (=logyg (ATB'maX’r B 0154 pel.75 78 )) and repds AT,

B,max,r

correpponding to the cross-point specified by the“horizontal and vertical coordinates, Yar, (
*1,54 *4
=loglo(So B™**)) and k. (=logyo(Pe B4)Y

Similarly, Figure 3 of double logarithmic copordinates shows the isoviscous lines of logarithmic modified
relatiye effective dynamic viscosity inJddbricant film 1., = (=logyg (neff,r B"0.01 pel 10 157235 )) and

—_—

reads| 1), , corresponding to the cross-point specified by the horizontal and vertical coordlinates, 7,
*1,90 *1,95
(=logqo (50 B )) and K e (¥logqg (Pe B )).

6.5 [Conversion of medified dimensionless values from design charts to dimepnsional
ones

The values of diménSional maximum bearing temperature Tg .. and dimensional effe¢tive relative
dynapnic viscosity in lubricant film 7. are both obtained by a simple algebraic calculatipn. First, the

valuep of AR and ncff,r are converted into the relative values of ATg ... . and 7. repectively as

B,max,r

showh by~Formulae (24) and (25):

ATy e _p*0,154 p,-175 [3*_8 10278 max ¢ o

Mot r =B"‘O,Ol Pe—1,10 ﬁ*—2,35 Xloneff,r (25)

Then, the relative values are converted into the dimensional values of Ty .., and n. respectively as
shown by Formulae (26) and (27):

AT,
:nO Bmaxr+72) (26)

y’ pe,

B,max

©1S0 2022 - All rights reserved 13
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Nete = NN et

(27)

By applying the effective dynamic viscosity in lubricant film 7.4 to the isoviscous hydrodynamic
lubrication model in accordance with ISO 7902-1:2020, the other operating parameters excluding the
maximum bearing temperature Tg ... are calculated.

7 Calculation procedure

The value of maximum bearing temperature Tg ., and the value of the effective dynamic viscosity
in the lubricant film n_ shall be obtained from the set of the two design charts (see Figures 2 a

nd 3)

according to

the following steps a) to e).

a) The vallles of four dimensionless bearing design variables S, B", Pe and 8" shall be calculated

the give

b) The vali
bearing

c) The logarithmic modified dimensionless value of AT,

given in
value of
d) Then thg
dynamid
e) The log3

obtained
value of

f) If the op
viscosity

The sequenc
above calcul

bearing specifications and operating conditions.

les of two dimensionless coordinate variables shown in the design @hart of max
femperature (¥, and K, ) shall be calculated.

B.maxr Shall be obtained from the design
Figure 2. The value shall be converted into the dimensionalalue of Ty ..., via the re
ATB max,r

values of two dimensionless coordinate variables shewn in the design chart of eff
viscosity in lubricant film (7, . and K, . ) shall be, calculated.

Irithmic modified relative effective dynamigwiscosity in lubricant film 74 . sh
from the design chart given in Figure 3. The value shall be converted into the dimen
er Via the relative value of nyg .

erating parameters excluding Tgy5¢ are required, nqe should be applied to the eff
of the isoviscous hydrodynamic lubrication analysis model (e.g. ISO 7902-1:2020).

e is outlined in the flow chart\given in Figure 4. For optimization of design paramete}
htion sequence should be repeated.

from

imum

chart
lative

bctive

hll be

5ional

pctive

s, the

14
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Input dimensions and parameters:
CoB.R,N,F, Ty, ¢, A 1,0 N0 P

Calculate dimensionless numbers:
S, B, Pe, f*

:

Dimensionless coordinates:
y D111 2 KATL)

AL,

Read AYF‘;maX’r from design chart Figure 2

:

Convert Af; toT
,max,r

B,max

by Formulae (24) and (26)

Acceptable T,  ?

B,max

Rédimensioning

Dimensionless coordinates:
Y

and k
Meff,r Meff,r

!

Read @’r from design chart Figure 3

:

Convert nf. t01,,
by Formulae‘’(25) and (27)

Othef operating parameter needed?

no

Hydrodynamic lubrication
calculation (e.g. ISO 7902-1:2020)

/ Results output /

End

Figure 4 — Flow chart
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Annex A

(informative)

Calculation examples

A.1 Calculation based on the design charts

A.1.1 General

In A.1, a serjies of calculations based on the flow chart (see Figure 4) is to be made.for the

characterist

First values
film n.¢and

Next, static
procedure of
calculated n{
result, this c
by ISO 7902-

A.1.2 Inpu

A statically loaded full circular cylindrical bearing is_to-be investigated. Dimensions and opera
en in Table A.1. An employed lubricant (an oil of viscosity grade I1SO VG 32) h3
dependence shown in Table A.2. The lubricant is supplied via a single pocket located

data are giv
temperature
apex of beari

cs of bearings.

1:2020 (see A.2).

t data for calculation

ng.

bf the maximum bearing temperature Ty .., the effective dynamic-viscosity in lub
Lhe effective lubricant film temperature T are calculated based ob-the design chart

characteristics of bearing are calculated based on ISO 7902:1:2020. In the calcu
ISO 7902-1:2020, values of the n,¢ and the T, are converged by iterative calculatio]
s and T,¢ by the design charts are adopted as initial valdesfor iterative calculations
alculation converges with fewer iterations than the recommended calculation proc

Table A.1 — Dimensions and operational data

static

ricant

b.

lation
. The

.Asa

edure

tional

s the

at the

Designation Unit Value
Bearing load f N 3000
Rotational fr¢quency of the roter'iy sl 33,33
Angular span|of bearing segrhent 2 ° 360
Maximum digmeter of the-journal m 100,040 x 10-P
Minimum diameter of\the journal m 99,960 x 103
Maximum ingide digmeter of the bearing m 100,240 x 10P
Minimum insfde-diameter of the bearing m 100,160 x 10}
Bearing width B m 75,0 x 10-3
Lubricant supplying temperature T, °C 40
Width of lubrication pocket (for force-feed lubrication) m 50 x 103
Lubrication feed pressure (for force-feed lubrication) Pa 0,2 x 106
Dynamic viscosity of the lubricant at T, (17,) Pa-s 27,0 x 103
Dynamic viscosity of the lubricant at 100 °C (11,) Pa:s 4,37 x 103
Density of the lubricant p kg/m3 0,9 x 103
Specific heat of the lubricant ¢, ]/(kgK) 2 x103
Thermal conductivity of the lubricant A W/(m-K) 0,13
Linear heat expansion coefficient of the bearing K1 23 x 1076
Linear heat expansion coefficient of the journal K1 11 x 106

16
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Table A.2 — Temperature dependence of ISO VG 32

Lubricant temperature T Dynamic viscosity of the lubricant i
°C Pa-s
40 27,0 x 10-3
60 14,7 x 10-3
80 8,02 x 10-3
100 4,37 x 103

A.1.3 Calculation of T ..., n..sand T .. based on the design charts

The fJ)ur dimensionless constant numbers [see Formulae (16), (17), (18) and (19)]:

¢ _75,0x1073%100,2x1073 x27,0x107> %209, 4
-

=3,55
312
3000><(1,996><10 )
. 75,0103

=0,749
100,2x1073

—6)\2 3 3
(100><10 ) x0,9%x10° x2x10° x209,4
Pe= =29,0
0,13

3 -3
- 27,0x107°%x209,4x30,4x10 ~=0,0240

0,9%x103 x2x103 x(1,996x10‘3 )

wherg

a]=2x1x33,33=209,4rad /s

A (100,240+100,160)x10>

=100,2x103 m
2
-3
R:M:50,1x10‘3 m
(100,04-0+99,960)><10_3 _3
D] = 5 =100,0x10 " m
-3
R :M:50,0x10—3 m

Cr =(50,1-50,0)x107> =100x10"° m

-6
W _ 100x10 7 4 996x1073

50,10x1073

©1S0 2022 - All rights reserved 17
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-3
B=in| 22910~ L1 50 4x10731/°c
4,37x1073 | 60

Values of the horizontal coordinate y,r,  and the vertical coordinate K,  in the design chart for

m [see Formulae (20) and (21)]:

VATg max =logqg (3,55x0,7491r54):0,357

K ATy max =19810 (29,0x0,0240%)=-5,02

Read a value|of the A/TB'\m;; in the design chart (see Figure 2):

AT max 4 =—9,10

ATg max r [seq Formula (24)]:

AT max o =0,749%1%* 29,0775 %0,024 078 x107%1% = 19,0

Maximum bdaring temperature Ty ., [see Formula (26)]:

27,0103 %x209,4x19,0

Th max = +40=55,0°C

2
(1,996><10‘3) x0,9%x10% x2x103

Values of th¢ horizontal coordinate Viless and the vertical coordinate Kot in the design chdrt for

Nege r [See Fgrmulae (22) and (23)]:

1,90
Mer r =1'0‘('310(3,55><0,749 )=0’312

18 © IS0 2022 - All rights reserved
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_ 195\ _
_ =logy(29,0x0,0240"%%)=-1,70

Read a value of the ﬁ;f_/r in the design chart (see Figure 3):

Nefr r =—2,30

Neftr [S€€ Formula (25)]:

Nege r =0,749%01%29,07110 x0,024 022> x 107230 = 0,788

Effect

n

ive dynamic viscosity in lubricant film 1. [see Formula (27)]:

¢ =27,0x107>x0,788=0,0213Pa-s

A valye of the effective lubricant film temperature T is obtained by modifying Formula (

2
Ve (Tege=To)

Teft _ o Mo®

Mo
therefore

No® Neff M@
R =To———, ln[ - J:To_fln(neff,r):
By pc, \ Mo B v pc,
-3
ap— 27,0x10 ;209’4 xIn(0,788) = 47,83 °C.
0,0240x(1,996x107% )" x0,9x10¥x2x10?

A.1.4 First step in the iterative calculation based on ISO 7902-1:2020
ISO 7902-1:2020 recommends the-following procedure to calculate initial values of the 1

ISO7
a) C
b) C
c C

On th
initia

D02-1:2020, 7.4):
plculating initial lubrieant outlet temperature (T, ): Tex o =Tp +20.

alculating initiah Toep T,

i =0,5%(Tex 0 +Tp) -

alculatinguwitial ¢ at initial T, from the given parameters.

values of n grand Ty

/):

-and T ¢ (see

e otherhand, in this calculation, calculation results based on the design charts are adlopted as the

Nefr =0,0213Pa-s

© IS0 2022 - All rights reserved
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