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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The functioning of hydrostatic bearings is characterized by the fact that the supporting pressure of the
bearing is generated by external lubrication. The special advantages of hydrostatic bearings are lack
of wear, quiet running, wide useable speed range as well as high stiffness and damping capacity. These
properties are also the reason for the special importance of hydrostatic bearing units in different fields
of application such as machine tools.

The bases of calculation described in this document apply to bearings with different numbers of
recesses and different width/diameter ratios for identical recess geometry. In this document, only
beat:ings without oil drainage grooves between the recesses are taken into account. As.cqmpared to
beafrings with oil drainage grooves, this type needs less power with the same stiffness behayiour.

The oil is fed to each bearing recess by means of a common pump with constaht’pump pressure
(sygtem p,, = constant) and via preceding linear restrictors (e.g. in the form of capillaries).

The calculation procedures listed in this document enable the user to calgulate and ass¢ss a given
beafring design as well as to design a bearing as a function of some optionakparameters. Fufthermore,
thid document contains the design of the required lubrication system.including the calculgtion of the
res{rictor data.

© IS0 2019 - All rights reserved v
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Pl

ain bearings — Hydrostatic plain journal bearings

without drainage grooves under steady-state conditions —

Part 1:
Calculation of oil-lubricated plain journal bearings without

dr

1

Thi
gro
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rainage grooves

Scope

bves under steady-state conditions.

bplies to hydrostatic plain journal bearings under steady-state conditions.

In ghis document, only bearings without oil drainage grooves between the recesses are

acc

bunt.

Normative references

5 document specifies a calculation method of oil-lubricated plain journal bearings witho(it drainage

taken into

The following documents are referred to in the text'in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the reférenced document (including any amendments) applies.
[SO[12168-2:2019, Plain bearings — Hydrestatic plain journal bearings without drainage grqoves under
stedqdy-state conditions — Part 2: Chargsteristic values for the calculation of oil-lubricated plain journal
bealings without drainage grooves
3 |Terms and definitions
No terms and definitions-arelisted in this document.
[SOfand [EC maintain terminological databases for use in standardization at the following addresses:
— |ISO Online brewsing platform: available at https://www.iso.org/obp
— |IEC Electropedia: available at http://www.electropedia.org/
4 |Symbols, terms and units
Symbols, terms and units are shown in Table 1.
Table 1 — Symbols, terms and units
Symbol Term Unit
a Inertia factor 1
Apan Land area m?
* . * Alan
A Relative land area | 4, = 1
TXBxD

A, Recess area m?2

© IS0 2019 - All rights reserved 1
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Table 1 (continued)

Symbol Term Unit
b Width perpendicular to the direction of flow m
b,y Width of axial outlet |:bax = n;D ] m
b. Width of circumferential outlet (b, =B-1 ) m
B Bearing width m
c Stiffness coefficient N/m
p Specific heat capacity of the lubricant (p = constant) J/kg®y
Cr Radial clearance |:CR = ( Dy —D] )/2 ] ’q/%\
de, Diameter of capillaries ,'\ ‘m
D Bearing diameter (Dy: shaft; Dg: bearing; D ~ D) = Dg) '\Q) m
e Eccentricity (shaft displacement) ,\q/\ m
F Load-carrying capacity (load) ) N
F* Characteristic value of load-carrying capacity [F'= F/(B x D x p,,)] ) \‘0" 1
F:ff Characteristic value of effective load-carrying capacity < ) 1
F: £0 Characteristic value of effective load-carrying capacity for@Q)\ 1
h Local lubricant film thickness (clearance gap height) (,\\\.\ ) m
Rpin Minimum lubricant film thickness (minimum cleara@e\gap height) m
hID Depth of recess \%\ m
Kot Speed-dependent parameter ,‘0,@ 1
l Length in the direction of flow . > m
Ly Axial land length \L\U m
L. Circumferential land length ,&\0‘ m
Iy Length of capillaries . () m
N Rotational frequency [spg_e\@ ) s
Recess pressure, gener@-lp ) Pa
p Specific bearing lo’g@;?; F/(BxD)] Pa
Pen Feed pressure [,B\\;’\Qp pressure) Pa
p; Pressure 1r}@"s/s i Pa
Pio Pressure@,\@cess ,whene=0 Pa
P Powerxatio (P" = Py/P,) 1
P Ij{@%nal power \
P, _(@J\mping power W
Piot Total power (P, = P, + Py) w
Pt’;t Characteristic value of total power 1
Q Lubricant flow rate (for complete bearing) m3/s
Q" Lubricant flow rate parameter 1
R, Flow resistance of capillaries Pa-s/m3
12xnx1
Rian ax Flow resistance of one axial land [Rlan'ax = —;‘X ] Pa:s/m3
b, xCg
12xnx1
Riane Flow resistance of one circumferential land [Rlan,c ZTC"’C ] Pa-s/m3
c “CR

2 © IS0 2019 - All rights reserved
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Table 1 (continued)
Symbol Term Unit
Rpo Flow resistance of one recess, when € =0, (RP 0= O'SRlan ax ) Pa-s/m3
Re Reynolds number 1
So Sommerfeld number 1
T Temperature °C
AT Temperature difference K
u Flow velocity m/s
U Circumferential speed m/s
w Average velocity in restrictor m/s
Z Number of recesses 1
a Position of 1st recess related to recess centre rad
B Attitude angle of shaft °
y Exponent in viscosity formula 1
£ Relative eccentricity (¢ = e/Cy) 1
n Dynamic viscosity Pa-s
R L xb
K Resistance ratio | k= —an2 _ ax” ¢ 1
R I xb
an,c c ax
ch
& Restrictor ratio | £= 1
P,0
ngxo
¢ Relative frictional pressure | 7, = . 1
Pen XV
p Density kg/m3
T Shearing stress N/m?
10) Angular coordinate rad
2xCy
Y Relative bearing ¢learance | y = D 1
10) Angular velocity (0=2X1TxN) s1
5 |Bases ofiealculation and boundary conditions
Calgulation;within the meaning of this document is the mathematical determination of the ¢perational
parpméters of hydrostatic plain journal bearings as a function of operating conditions, bearing
geopmietry and lubrication data. This means the determination of eccentricities, load-carrying capacity,

stiffness, required feed pressure, oil flow rate, frictional and pumping power, and temperature rise.
Besides the hydrostatic pressure build-up, the influence of hydrodynamic effects is also approximated.

The Reynolds equation provides the theoretical bases for the calculation of hydrostatic bearings. In
most practical cases of application, it is, however, possible to arrive at sufficiently exact results by

approximation.

The approximation used in this document is based on two basic formulae for describing the flow via
the bearing lands, which can be derived from the Reynolds equation when special boundary conditions
are observed. The Hagen-Poiseuille law describes the pressure flow in a parallel clearance gap and
the Couette equation the drag flow in the bearing clearance gap caused by shaft rotation. A detailed
presentation of the theoretical background of the calculation procedure is included in Annex A.

© IS0 2019 - All rights reserved
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The following important premises apply to the calculation procedures described in this document:
a) alllubricant flows in the lubrication clearance gap are laminar;

b) the lubricant adheres completely to the sliding surfaces;

c) thelubricantis an incompressible Newtonian fluid;

d) in the whole lubrication clearance gap, as well as in the preceding restrictors, the lubricant is
partially isoviscous;

e) a lubrication clearance gap (‘nmplp‘rplv filled with lnbricant is the hasis for the frictional hehaviour;

f) fluctugtions of pressure in the lubricant film normal to the sliding surfaces do not take place;
g) halfbdaring and journal have completely rigid surfaces;

h) the radii of curvature of the surfaces in relative motion to each other are large in comparison tothe
lubricgnt film thickness;

i) the cleprance gap height in the axial direction is constant (axial parallel cléapance gap);
j) the pré¢ssure over the recess area is constant;
k) there is no motion normal to the sliding surfaces.

With the ajd of the above-mentioned approximation formulae, all.parameters required for the degign
or calculation of bearings can be determined. The application.of the similarity principle resultf in
dimensionless similarity values for load-carrying capacity,.stiffness, oil flow rate, friction as well as
recess pregsures.

The result$ indicated in this document in the form of\¥dbles and diagrams are restricted to operafing
ranges common in practice for hydrostatic bearings. Thus, the range of the bearing eccentricity
(displacemlent under load) is limited to € = 0 to 0,5:

Limitation|to this eccentricity range means aconsiderable simplification of the calculation procedure
as the load-carrying capacity is a nearly linear function of the eccentricity. However, the applicabllity
of this procedure is hardly restrictedsas in practice eccentricities € > 0,5 are mostly undesirablg for
reasons of|operational safety. A further assumption for the calculations is the approximated optimpum
restrictor fatiol2l & = 1 for the stiffne'ss behaviour.

As for the putside dimensignsof the bearing, this document is restricted to the range bearing width/
bearing digmeter B/D = 0,316 1 which is common in practical cases of application. The recess depth is
larger than the clearanCe’gap height by the factor 10 to 100. When calculating the friction losses,|the
friction logs over the recess in relation to the friction over the bearing lands can generally be negleg¢ted
on accounf of the abeve premises. However, this does not apply when the bearing shall be optimjzed
with regarfl to,its-total power losses.

To take intp dccount the load direction of a bearing, difference is made between the two extreme calses,
the load in the direction of the recess centre and the load in the direction of the land centre.

Apart from the aforementioned boundary conditions, some other requirements are to be mentioned for
the design of hydrostatic bearings in order to ensure their functioning under all operating conditions.
In general, a bearing shall be designed in such a manner that a clearance gap height of at least 50 % to
60 % of the initial clearance gap height is assured when the maximum possible load is applied. With
this in mind, particular attention shall be paid to misalignments of the shaft in the bearing due to shaft
deflection which can result in contact between the shaft and the bearing edge and thus in damage of
the bearing. In addition, the parallel clearance gap required for the calculation is no longer present in
such a case.

As the shaft contacts the bearing lands when the hydrostatic pressure is switched off, it can be
necessary to check the contact zones with regard to rising surface pressures.

4 © IS0 2019 - All rights reserved
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It shall be assured that the heat originating in the bearing does not lead to a non-permissible rise in the
temperature of the oil.

If necessary, a means of cooling the oil shall be provided. Furthermore, the oil shall be filtered in order
to avoid choking of the capillaries and damage to the sliding surfaces.

Low pressure in the relieved recess shall also be avoided, as this leads to air being drawn in from the
environment and this would lead to a decrease in stiffness (see 6.7).

6 Method of calculation

6.1l General

Thif document covers the calculation as well as the design of hydrostatic plain jourhal bearings. In this
casg, calculation is understood to be the verification of the operational paraméters of a hydrostatic
beafring with known geometrical and lubrication data. In the case of a design caleulation, with the given
methods of calculation it is possible to determine the missing data for thejrequired bearing geometry,
the|lubrication data and the operational parameters on the basis of a fewinitial data (e.g. required load-
cartying capacity, stiffness and rotational frequency).

In both cases, the calculations are carried out according to an approximation method based on the
Hagen-Poiseuille and the Couette equations, mentioned in Clausg€ 5. The bearing parameterq calculated
accprding to this method are given as relative values in the form of tables and diagrams as alfunction of
different parameters. The procedure for the calculation ox:design of bearings is described i 6.2 to 6.7.
Thip includes the determination of different bearing patameters with the aid of the given falculation
formulae or the tables and diagrams. The following calculation items are explained in detail

a) |the determination of load-carrying capacity #ith and without consideration of shaft rotption;
b) |the calculation of lubricant flow rate and pumping power;

c) |the determination of frictional power with and without consideration of losses in the bearing
recesses;

d) [the procedure for bearing optimization with regard to minimum total power loss.

Forfall calculations, it shall be checked in addition whether the important premise of laminar{flow in the
beafing clearance gap, inthe bearing recess and in the capillary is met. This is checked by determining
the[Reynolds numbersiAurthermore, the portion of the inertia factor in the pressure differences shall
be ltept low at the cdpillary (see A.3.2.2).

If the boundary ¢onditions defined in Clause 5 are observed, this method of calculation yig¢lds results
with deviations which can be neglected for the requirements of practice, in comparison with an exact
calqulation-by solving the Reynolds equation.

Exalmples of calculation are given in Annex B.

6.2 Load-carrying capacity

Unless indicated otherwise, it is assumed in the following that capillaries with a linear characteristic
are used as restrictors and that the restrictor ratio is £ = 1. Furthermore, difference is only made
between the two cases “load in direction of recess centre” and “load in direction of land centre”. For this
reason, it is no longer mentioned in each individual case that the characteristic values are a function of

» o«

the three parameters “restrictor type”, “restrictor ratio” and “load direction relative to the bearing”.

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=8f929c121ef69c0f57168b6173b5429b

ISO 12168-1:2019(E)

Even under the above-mentioned premises, the characteristic value of the load-carrying capacity

= = (@8]

BXDXPep  Pen
still depends on the following parameters:
— the number of recesses Z;
— the width/diameter ratio B/D;
— the relptiveaxtattamdt-width IaX/IB,
— the relptive land width in circumferential direction I./B;
— the relptive journal eccentricity ¢;
— the relptive frictional pressure:

MpX@

pen Xl//
NOTE The Sommerfeld number, So, common with hydrodynamic plain jourhal bearings can be set up as
follows:

SO:P__‘// =—

ngxe
In ISO 12118-2:2019, Figures 1 and 2, the functions F*(g, m¢)vand f3 (g, r¢) are represented for Z =4, §|= 1,
B/D=1,1,|/B=0,16,1./B = 0,26, i.e. restriction by meafs of capillaries and load in the direction of|the
centre of bparing recess.
These figufes represent a comparison between the approximation and the more precise solutiof by
means of the Reynolds equation. Further, thelinfluence of rotation on the characteristic value of|the
load-carry|ng capacity and on the attitude @ngle can be realized.
For the calgulation of a geometrically similar bearing, it is possible to determine the minimum lubrigant
film thickrless when values are given,e.g. for F, B, D, p.,,, , ¥ and ng (determination of ng according to
6.6, if applicable).
All paramgéters are given for the determination of F* according to Formula (1) and 7; according to
Formula (4). For this geemetry, the relevant values for € and f can be taken from ISO 12168-2:2p19,
Figures 1 gnd 2 and thus;-4;, = Cg(1 - &).

© ISO 2019 - All rights reserved
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According to the approximation method described in Annex A, this results in a dependence of the
characteristic value of the effective load-carrying capacity formed with the so-called “effective bearing
width” B -,

. F
Fofr = (3)
ef (B-1,)xDxp,,

on lesser parameters. In the case of this definition, the width/diameter ratio B/D can be dropped as
parameter. Maintained are the number of recesses Z, the resistance ratio

e (L)

_X L

K‘—Rlan'ax :IaXXbc :(B )szx B B 4)
I.xb,, T Ie

D

the|relative journal eccentricity € and the speed dependent parameter determining the ratio of

hydirodynamic to hydrostatic pressure build-up:

D

R

lan,ac

IC IC
K. =7tfx1<x§B=—><K><éjE (5)

If, in addition, advantage is taken of the fact that the function F:ff (€) is nearly linear for € £/(0,5, then it

is practically sufficient to know the function Fe*ff (e=0,4)= f(Z;x,K__. ) for the calculation ¢f the load-

rot
carrying capacity.

In |SO 12168-2:2019, Figure 3, the function Fe*ff,0(8=0’4)=F:ff(8=0’4);(Krot =0)= f(Z,k) and in

F*
Figlire 4 the function f—ff: f(Z=4,x,K
eff,0
cenfre”. The hydrodynamically conditioned increase of the load-carrying capacity can be fecognized
wel| when presented in such manner.

ot Jave presented for the case “load in directiop of recess

If, for example, Z and all parameters are given for the determination of F:ff according to Foimula (3), k

accprding to Formula (4) and/K;y; according to Formula (5), then the minimum lubricant film thickness
developing during operation ¢an be determined.

After having calculated 'k and K, F:ffo (€=0,4) is taken from ISO 12168-2:2019, Figure 3 and
(Foff / Foge )(€ =04 from 1SO 12168-2:2019, Figure 4, F.g is calculated according to Fprmula (3)
and with
_ 0,4X F of
g=——— i
(Feff /Feff’o )(e =0,4)xFy(€=0,4)

the minimum lubricant film thickness h_, =Cg (1—¢) is obtained.

6.3 Lubricant flow rate and pumping power
The characteristic value for the lubricant flow rate is given by

* anB
S enu
CR ><pen

(6)

It depends only slightly on the relative journal eccentricity ¢, the load direction relative to the bearing
and the relative frictional pressure m; or the speed dependent parameter K.

© IS0 2019 - All rights reserved 7
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By approximation, the lubricant flow rate can be calculated as follows (see also A.3.3):

Q" (£<0,5)=Q (¢=0)=

where

R
Vb2 —4ac =

R

The flow rg

ch

with the n

1,0
a=

P,0 ~|

| =

1 T 1
X X
1+¢ 6(B/D) IaX/B

cp

)

RP,O

(7)

XTg X1
3
b, xCq
bsistance of the capillaries according to A.3.2.2 is given by
28xn . xI
#X (1 + a)
nxdcp
dn-linear portion (inertia factor):

BX 4xQxp

32

By convert

B/D,and I,

For optimi
considerin

P,=Q

According

characterij

ncpxlcpxan

ing Formula (6), the lubricant flow rate can be calculated when the parameters ng, Cy, p{
/B are given.

ved bearings, Q" shall be taken from ISO 12168:2:2019, Table 1. The pumping power, with
b the pump efficiency, is given by Formula (8);
2 3
* Pen ><CR
U

Lo the approximation method, Q1s again determined according to Formula (7), thus it is
tic value of both the flow rate:and the pumping power.

pen :Q

(8)

the

© ISO 2019 - All rights reserved
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6.4 Frictional power
The characteristic value for the frictional power is given by

N B xCq
[ 9)
Ng XU*XBxD

Friction is generated in the lands as well as in the recess area. The land area related to the total surface
of the bearing m x B x D is given by

[ L.

1 zZ 1
—IX X x| 1 = X ==
B m® D L BJ

A

lan
Accprding to the approximation method, the characteristic value for the frictional power |n the land
area is given by

P* . T
flan —
V1 —¢g?

and|in the recess area by

*
X Alan

* CR *
Prp =n><4><h—><(1—Alan)
p

Thys, the characteristic value for the total amount of friction is given by

* * 4xC
P :nxAlanx|: L p RX[A} —1J] (10)

1—52 p lan

The actual frictional power is obtained by converting Formula (9) as follows
. xU?%xBxD
Cr

6.5 Optimization

When optimizing according to the power consumption, the total power loss, i.e. the sum ¢f pumping
and| frictional power,.is-minimized. According to 6.3 and 6.4, the total power is given by

. pi xC3 xUZxBxD
P, =P, +B=Q ><p°m—R+Pf BT ZERT
R Ub:! Cr

With Fermulae (1) and (2), the following formula can be written:

* [ p
°f

2 x|1+-L (11)
4x(B/D)XF" Xm; p,

B

ot :an)xCRx

Following a proposal of Vermeulen[3], the ratio of frictional to pumping power is introduced as an
optional parameter P* and designated with (P* = P¢/P;). Thus, using Formula (11), the characteristic
value for the total power loss is given by:

pr P Q@ x(+P7) (12)
tot *
FxoxCy  4x(B/D)xF" xm;

Serial calculations have shown that the power minimum which can be obtained in the relatively wide
range P* = 1 to 3 depends only slightly on the chosen power ratio P*. It is proposed to carry out an
approximated optimization with the mean value P* = 2.

© IS0 2019 - All rights reserved 9
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The relative frictional pressure in Formula (12) cannot be chosen freely as it is linked to the chosen
power ratio P*:

*

P

— 72
=T§

di

B
X4X—X— or e =
D

(13)

When P*, B/D, ¢, h,/Cg and § are given, the characteristic value of total power according to Formula (12)

becomes a

function of Z, I, /B, and I./B.

In ISO 12168-2:2019, Figures 5 and 6, P:\f forP"=2,7Z=4,§=1,B/D =1, € = 0,4 with or without friction

in the rece

In ISO 12168-2:2019, Figures 7 to 12, Pt:)t forP"=2,é=1,=0,4, hp =40 x Cy is presented for diffe

B/D and Z
l,./Band

The optimyim land widths and the associated values for B/D = 1 to 0,3 as well as thé'nimbers of rece

fromZ=4

With decre
and a give

bearing width.

In the case
to 3 can nq
and thus r
Reynolds €

For a beari
according

— 1y/BS
1./B =

F=0,
Q" =1,

In ISO 12168-2:2019, Figures’13 to 18, the characteristic value of effective load-carrying capacity F]

is given ac
K as the pa

bs (h,/Cy = 40) is presented as a function of the geometrical parameters [,,/B and [./B!

hs a function of [,,/B and /B, taking into account friction in the recesses. The land wig
/B, where the total power is reduced to a minimum, result from these figures:

Lp to 10 obtained by this are given in ISO 12168-2:2019, Table 1.

asing width, Pt* and thus the total need of power, increase. Forthigh rotational frequen

ot’
n wide diameter, it can, however, be advantageous to use/a plain bearing with sma

where the shaft is at a standstill or rotating very slowly, the optimization method with P

longer be applied, see Reference [3]. In this case the pumping power has to be minim
blatively wide lands are obtained. Therefore, the ‘approximation method also fails and
quation is to be solved by means of a finite method.

hg withZ=4, B/D =1 and € = 0,4, the following values are obtained under optimum condit
o Reference [7]:

0,25;
A;
p02;
DO3.

ording to thé.results of Reference [2] for various numbers of recesses as a function of € y
rameter for'load on centre of recess and centre of land.

Fent
Iths

bSES

cies

ller

=1
zed
the

ons

"
bff ,0
vith

10
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Temperatures and viscosities

When € = 0, the heating in the capillaries due to dissipation (heat exchange between lubricant and
environment is not considered here) is given by:

AT :pen_p: Pen X 5
P CoXP  CyXp 1+&

that in the bearing, again with € = 0, as follows:

Thy

and

Itis

can

Urx
be 4

whg

a) Pc D / 1 L\
ATp=——+— 1 —=—"" +P
CpXP  CyXPXQ €y Xp L1+£§ J

s, the mean temperature in the capillaries is given by

1
Tp=Ten + EXATcp (14)
that in the bearing by
Ty =T,, +ATCp +EXATB (15)
assumed for the effective viscosities in the capillaries and bearing, respectively, that:
Nep = M(Tep);
ng =n(Tg).

If thhe dependence of the viscosity on temperattre is not completely known, the viscosities{., and ng
be approximated following the statement of Reynolds. A precondition is that two viscosjties n; and
re known at two temperatures T; and ¥, which should be close to the temperatures T}, and Ty to
xpected.

Nep =N xexp[=yX(Te, =Ty )] 5 ng=nxexp[-yx(Ty ~T; )] (16)
bre Y= xIn kL :

T2=T1 A2
hly the viscosity_elass according to ISO 3448 is known, then the course of viscosity for common

If o
lubi
Visd

ication oils having a viscosity index of about 100 can be calculated only on the basis of t
osity 1,0 (dynamic viscosity at 40 °C):

M 40 1 1
T)=1n 49xexp| 160xIn X -
MK 40 p[ [0,18><10‘3J (T+95 135

he nominal

(17)

Temperature T1s to be taken in °C. The dynamic VISCOSIty 74, 1S obtained by multiplying the kinematic
viscosity v, based on the viscosity classes, by the density p. If this value is not exactly known, it can be
calculated by approximation with p = 900 kg/m3.

Formula (17) is based on the statement of Vogel and empirically determined constants of Cameron and

Ros

6.7

t and was transposed by Rodermund[#] to the nominal viscosity at 40 °C.

Minimum pressure in recesses

With high rotational frequencies and high K, values according to Formula (5), the pressure in the
recess p,;, on the no-load side of the plain bearing may decrease to zero, whereas the pressure in the

© IS0 2019 - All rights reserved
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recess p,,,, on the load side may become greater than p,,,. The minimum recess pressure as well as F*
depends on several variables. For the ratio, the following applies:

M(ZKK

en

rot )

InI1SO 12168-2:2019, Figure 19, the minimum relative recess pressure over K., is shown forZ=4, = 0,4
and 3 k-values.

12 © IS0 2019 - All rights reserved
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Annex A
(informative)

Description of the approximation method for the calculation of

hydrostatic plain journal bearings

A1

The

A.2

General

calculation is based on an approximation method leading to rather exact results eSpeci
cases where small lands are provided (e.g. shaft rotating at high speed). In case’ of wider
Reymnolds equation shall be solved, e.g. by means of numerical difference formulae.

Fundamentals

A.2l1 General

Thd

approximation method assumes laminar flow and free ef.nertia and uses two basic fd

thelflows via the lands (see Figures A.1 and A.2).

Key]

bearing

shaft

hlly in such
lands, the

rmulae for

Figure A.1 — Pressure flow between parallel plates

© IS0 2019 - All rights reserved
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Key
1 bearing
2 shaft

Figure A.2 — Drag flow due to shaft rotation

A.2.2 Hagen-Poiseuille equation

The pressu

Qz(pz

re flow between parallel plates (b >> h) is given by:

—p; )Xbxh3

A.2.3 Co

12xnxl

ette equation

The drag flow due to shaft rotation is given by:

[/ h

Q= bx-T

A.2.4 Further assumptions

a) The prlessure is constant over ‘the recess area.

b) The vigcosity in the bearing and in the restrictors is constant.

c) The shaft and bearing are rigid, their axes always parallel.

d) For the calculation of the lubricant flow rates, the outlet width extends up to the centre of|the
adjacent lands-and the pressure drop over the outlet length is linear.

e) For th¢ caleulation of the load effects, the pressure in the recesses spreads up to the centre of{the
adjacehtiands

A.3 Calculations

A.3.1 General

At first, the pressures in the recesses are calculated with the aid of the continuity formula for a certain
shaft position, defined by

— ée=ecC

entricity,

— e=¢/Cy,

— [ =attitude angle.

14
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All other parameters are derived from the pressures in the recesses.

The calculation is iterative as the attitude angle f is not known in the beginning. This angle is to
be varied until the result of the pressures in the recesses and the load have the same direction (see

Figure A.3).

B
AN
lax Lax
SN

Figure'A.3 — Bearing geometry
In principle, a vertical load is assuined for the calculation. However, this is no restriction| as we can
assyme the bearing is to be mounted appropriately for other directions of load.
Therecessi(i=1,2, ... Z) starts at the angle ¢, ; and ends at the angle ¢, ;.

The centre of the first recess is situated at a. The initial angle and the end angle are:

Thafilm-thickness h changesinthe land areaaccordingtoh=C. (1 + ¢ x cos @)
5 5 RT N i)
A.3.2 Pressures in the recesses

A.3.2.1 General

The continuity principle is used for each recess. A formula covering the three pressures p,_4, p; and p;,4
applies to each recess i. This results in a system of formulae furnishing all pressures (see Figure A.4).

© IS0 2019 - All rights reserved 15
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A.3.2.2 Flow resistance of the capillaries

The lubricant flow rate via pre-resistance (¢ = 0) is given by

Q_(p

Z

k

en_p)

ch

where k =1 corresponds to a linear resistance law.

For example, a capillary with laminar flow is given below

, be
the

VI_/Z

WX dC Xp
Re, =—1 <2300
p r,cp
and with a|negligible portion of the term of inertia BXVTIZ.
k=1/2 corfesponds to a square-law dependency, for example, of an orifice, the flow deefficient of which
can be regarded as independent of the Reynolds number.
When dim¢nsioning a capillary, the portion of the term of inertia shall be keptlow and, if applicablg
taken into Jaccount. According to the theory of Schillerl2], the pressure drop necessary to generate
velocity w ¥ % ataproperly rounded inlet (rounding offradiu$>0,3 xd ) is Ap,,=2,16 ><§>
X TTX
cp
The flow r¢sistance of the capillaries is then:
A Ap 128xm, xl 216xExw?
R _HYen~Pi_APlan Pen _ nCP ., 2
cp - - 4
Z Z Z 4 P
128xn . xI
ch——#x(l +a)
nxd o
where
R 4xQxp
ecp =l
Zxmxdxn op
d
3 - 32 ancpxlcpxn
The portioph of the'non-linear term a (inertia factor) has the effect that the exponent k < 1 in the abgve-
mentioned|fermula for Q/Z. Exponent k can be calculated by approximation as follows:
_ 1+a
1+2xa

Without greater errors, it is permitted to take a = 0,1 to 0,2 and to calculate with exponent k = 1. With
regard to the different lubricant flow rates in the particular recesses (¢ # 0), a Reynolds number of

Regy =100

16

0 to 1 500 shall not be exceeded.
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.2.3 Volume flow rate in the axial direction

The volume flow from recess i in the axial direction is

his
If

the

A3

Wh
plat

For

whyd

By :

Q..;=2x —
axt J‘ 12xng L,

not constant due to the shaft eccentricity.

@' 3 ©'
a; = I g—gd(p: j (1+&cosp)®xde
€0'1,i R 90'1,1'

3
=[((p'2—(p'1)><(1+;><32 J+(singo’2—sin(p’1)><(3£ +g3 )+%><£2 x(sinZ(p’Z—sinZ(p'l)—%x(sin3

i

3
CRxD

Caxi = 12xng X1,

Xa; X p;

2.4 Volume flow rate in the circumferential direction

en the volume flow rate in the circumferential dirgétion is calculated, then a flow betwg
es with a film thickness of h, =h (¢, ;) is assumed as an approximation.

the volume flow from recess i to recess i +1the following results are obtained:

i_zi3><b Uxhixb

< (pi—pis1)+

L =— X
Ceina 12xnpxI,

bre
i_li =Cq ><(1+8><cosg02_i);
U=nxDxXN.

inalogy, the following applies to the flow rate from recess i — 1 to recess i:

Ei:j‘—leC ( )
L X . .—D:) +
QC,I—l 12XTIBXIC Pi17P;

Uxh_; Xb,
2

§0’2 —sin3 (0’1)}

en parallel

A.3.275 Lontnuity equdtion Ior recess

According to Figure A.4, the continuity equation for recess i results in

Qri=Qaxi T Q¢ it17CQ¢ i1

© IS0 2019 - All rights reserved
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bax

0,50,

it
JALLIIAY /
Qci/l 0,‘5 Qax. C\Icm

Figure A.4 — Volume flows for one recess

If f;=1+gxcosp,;

O=2XpExXN= 2xU
x P
P¢n
) X OX&E X KX,
K. = = speed dependent parameter
Pon XW2 XD
where
24Cp . )
v =—1— =relative bearing-learance;

RPlax 1axXb . .
K =—1 — ="3" 7€ Orasistance ratio;

Rl,c [cXbax

R P,ax
Rp0=] 3
P,0 2

N 3
Rep Rep~Dax €R

= = = restrictor ratio.
Rp,0 6><11B><IaX

Then, the formula system is

* KX& 3 * ai
—p.  X—= 7 +p. X| 1+——ZXE+
Pi—1 2 fl—l p; |: 2% 5

« _kx&

e ) | X K XU )

2

Thus, the relative pressures in the recesses and all further bearing parameters are determined by:

a) restrictor ratio &;

18 © IS0 2019 - All rights reserved
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b)

c)
The

bearing geometry:

— number of recesses Z,

— form and position of recesses (k, a),
— position of journal (g, £);

speed dependent parameter K. ;.

angle (8 is determined iteratively in the course of the calculation.

ISO 12168-1:2019(E)

A.3
Thd

.3 Load F, attitude angle f, stiffness c

radial load effect on recess i in accordance with Figure A.5 is given by
r
Z

F, =bh_ % J.pl. cos¢‘)‘><§><d6:bC XpiXDXSin(%)

T

Figure A.5 — Application of load to one recess

© IS0 2019 - All rights reserved
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The directi

01

on of F; is given by

_ P1itPy;

i

2

The horizontal component is the sum of all horizontal projections of F; as given by

Fh:bc

Z
xstin[g jx;pi xsin(@;+f)

Correspon

The total |

— 21
F=\F2+]

The angle of the resulting force is

pp=arctar

In case of ¥
load-carry
results for

The stiffne

Here the fo

A3.4 Lu

The total 1
restrictors,

27
Fa+—x(i-1
7 <(i—1)

pad is

lingly for the vertical component

Z
b1
X DXsin| — |X .xcos(@;+
i (zj gl,p, (@;+8)

2
\

Fn
Fy
ertical load, the attitude angle for each ¢ should be modified in such a way that ¢ = 0. If
ng capacity F is not applied verticallyxbut at an angle ¢y to a perpendicular line, then

ss ¢ can generally be defined in different ways.
llowing definition is used;

F
exCR

bricant flow; rate and pumping power

ibricant{flow rate can be calculated on the basis of the sum of the flow rates through

Qcp,i:

vertical direction of load can be applied when mounting the plain bearing at the angle ¢4

_pran_ZDi

Z
Q=>q

i=1

cp,i
p ch

The lubricant flow rate can also be approximated according to Formula (7).

The pumpi

ng power is given by Pp =QXpgy, -

A.3.5 Frictional power

The frictional power is composed of

a) friction in the land area, and

b) friction in the recesses due to secondary flow.

20

the
the

the
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The land area is given by

A, =2XTx, XD+ Z X1 X(B-2XL,, )

o Alan
lan = o BxD

The shearing stress at the shaft surface is in general given by

As an approximation, the shearing stress t is calculated as follows without takingjinto gccount the
pressure flow rate.

T—gxn
no B

The result for the land friction finally is given by

2
Pflan= jTXUXdAZUXU X j d4
’ Cr 1+excos@
Alan Alan

Ifitfis assumed that the lands are uniformly distributed overthe periphery, it can be simplified as follows

_T]XUZX Alan
CrR ~1-¢2

Although the depth of recess h, >> h, according to Shinkle and Hornunglé! the friction |due to the
secpndary flow in the recesses shall be included in the calculation for shafts running at high $peed. This
applies especially to wide recesses andsmall lands.

P

flan —

WhEn the flow in the recesses is stillfaminar, i.e.

Uxh_ xp
Re. =———P2 <1000
P n
B

then the friction in the.recesses is calculated as follows:

2
nxy
><Ap

whére

A=< BxD_A
D Tamn

When Rep > 1 000, the flow is turbulent and the friction increases correspondingly. In that case, the
preceding formula for 7 can no longer be used.

A.3.6 Formulae for dimensioning

The following formulae can be used to determine the dimensions when stiffness c is given:
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DZXpen=
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(informative)

Examples of calculation

1ISO 12168-1:2019(E)

B.1—Example1 Calculation of 2 hvdrostaticiournal bearing
J—Exampiet Calculation-efa-hydrestaticjournal bearing
B.141 General
A bearing with four recesses with given dimensions and operational data is-to be examined. The

lubj
pow

B.1

.2 Dimensions

Bearing diameter, D

Bearing width, B

Axial land length, [,
Circumferential land length, /.
Depth of recess, h,,

Number of recesses, Z
Diameter of capillaries, d,
Length of capillaries, [ ¢

Relative bearing clearance, ¥

Radial cleararice, Cy

.3 Operational data

[load-carrying capacity (load), F

Width of circumferential outlet, b,

=0,12m
=0,12m
=0,102 m
=0,018m
=0,018 m
=40 x Cgm
=4

=0,002 38 m
=0,74m
=1,6 x10-3

= 1,/><§=96><10-6 m

=40000N

icant oil ISO VG 46 and the temperature in front of the bearing are also stated. The am
ber, stiffness and film thickness are to be calculated. The following parameters are given

ount of oil,

B.1

Rotational frequency (speed), N
Inlet temperature, T,

’ ~en

Feed pressure, p,,

.4 Lubricant data

Table B.1 is given for 0il ISO VG 46.

© IS0 2019 - All rights reserved

=16,66s7! (w=104,7 s71)
=41°C

=116 bar=11,6 x 106 Pa
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— Volume specific heat, ¢-p

— Densitly, p =900 kg/m3
414

Exponent, falculated on the basis of the lubricant data, 7/:i><lnM :i lnL =0,044 3

Mgy 10 0,026 58
These data are used to calculate the parameters listed in B.1.5 to B.1.18.
B.1.5 Temperatures and dynamic viscosities
The first falculation is carried out with the following approximate temperatures and dynagmic
viscosities|(without frictional powers P;and with § = 1).

Table B.1 — Values of Tand n

T n

°C Pa-s
40 0,041 4
50 0,026 58
60 0,018 07

=1,75 x 106 W-s/m3-K

6
AT, = Pen ¢ :11'6X106x L _33x
CpXp 1+& 1,75x100 1+1
6
ATy = Pen [ 1 ,pr|o1L6XI02 (1 =3;3K
) X P 1+¢& 1,75x10° 1+1
AT 33
_ cp _ 200 o
Tcp_Tn+ 5 =41+ 5 =42,65°C
AT, 3,3
— B_ [ o
TB—Te]+ATcp+ 5 _41+3,3+7_46 C
The dynanjic viscosities are then given by
Nep =Tho X€XP [—j/(TCp —40)}=0,041 4xexp[-0,044 3%x(42,65—-40)]=0,036 8Pa-s

Mg =4 Xexp[~7(T3=40)]=0,041 4xexp[-0,044 3x(46 - 40)]=0,031 8 Pa-s

B.1.6 Flow resistances
128x%n . X1, 128x0.036 8x0.74 i .
R =—""—X([T+a)= X(1+0,2]=4,I5XI0"VNs/m”
P nxdg nx32,1x10712

The inertia factor a cannot yet be calculated in this place, as the oil flow rate is not known. Therefore,
it should be started with an estimated value and the exact value of a determined iteratively. Here, the
value has been taken from the following calculation.

R

_ Tlax,0

6XMng X1
RP'O — 2 ax

6x0,031 80,018
CRXDX(T/Z)  (96x1076 ) x0,12x(r/4)

=4,12x10'9 Ns/m°®
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