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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
rpes of ISO document 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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such pate
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the World
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hame used in this document is information given for the‘convenience of users and does
hn endorsement.

planation of the voluntary nature of standard$,*the meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles incthe Technical Barriers to Trade (TBT),
g /iso/foreword.html.
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methods for plain bearings and their applications.

edition cancels and replaces’ the second edition (ISO 12167-1:2016), which has b
revised.

hanges are as follows:

1se titles have beenhadded;

ls have been{éerrected and added in Table 1;
tion values in Annex B have been corrected;

neritsthave been made according to ISO/IEC Directives, Part 2:2021;
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A list of all
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parts in the ISO 12167 series can be found on the ISO website.

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

Hydrostatic bearings use external lubrication to support pressure on the bearings; thus, they are
less prone to wear and tear, run quietly, and have a wide useable speed, as well as high stiffness and
damping capacity. These properties also demonstrate the special importance of plain journal bearings
in different fields of application such as in machine tools.

Basic calculations described in this document may be applied to bearings with different numbers of
recesses and different width/diameter ratios for identical recess geometry.

0il
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Int
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stif

Equ
aga

STed To each bearing Tecess by Means of a COMMON pump witira constant pumping pressy
= constant) and through preceding linear restrictors, e.g. capillaries.

fompared to bearings without oil drainage grooves, this type needs higherjpewer wit
‘ness behaviour.

ivalent calculation procedures that enable operating conditions to™he” estimated ar
nst acceptable conditions may also be used.

re (system

his document, only bearings with oil drainage grooves between the recesses are taken infto account.

h the same

d checked

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=265af80610f7f0a3ac625ac77fd35b73



https://standardsiso.com/api/?name=265af80610f7f0a3ac625ac77fd35b73

INTERNATIONAL STANDARD

ISO 12167-1:2023(E)

Plain bearings — Hydrostatic plain journal bearings with
drainage grooves under steady-state conditions —

Part 1:
Calculation of oil-lubricated plain journal bearings with
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The following documents are referred to in the text in.such a way that some or all of th

con

undated references, the latest edition of the referenced document (including any amendmen

ISO

steqdy-state conditions — Part 2: Characteristic values for the calculation of oil-lubricated pl]

bea

rainage grooves

Scope
5 document specifies the calculation procedures to calculate and assess\a-“given bear

gn of the required lubrication system including the calculation of thesestrictor data.

5 document applies to hydrostatic plain journal bearings under steady-state conditions.
Normative references
Stitutes requirements of this document. For dated, references, only the edition cited 3

12167-2:2021, Plain bearings — Hydrostatic plain journal bearings with drainage gro

ings with drainage grooves

ng design,

vell as to design a bearing as a function of some optional parameters. This document c¢ntains the

bir content
pplies. For
[s) applies.

oves under
ain journal

3 |Terms and definitions
No terms and definitions are tisted in this document.
[SOJand IEC maintain tepminology databases for use in standardization at the following addfesses:
— [ISO Online browsing platform: available at https://www.iso.org/obp
— |IEC Electropgédia: available at https://www.electropedia.org/
4 (Symbols
Synibdls and units are defined in Table 1.
Table 1 — Symbols
Symbol Term Unit
a Inertia factor 1
Alan Land area m?
Al*an Relative land area 1
A, Recess area m?
b Width perpendicular to the direction of flow m
©1S0 2023 - All rights reserved 1
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Table 1 (continued)

Symbol Term Unit
b,y Width of axial outlet [bax _mxD_ (I +bg )} m
b Width of circumferential outlet (b, =B -1, ) m
b Width of drainage groove m
B Bearing width m

c Stiffness coefficient N/m

p Specific heat capacity of the lubricant (p is a constant) J/ke:K

Cr Radial clearance o
dep Diameter of capillaries ,\". “m
D Bearing diameter (D: shaft; Dg: bearing; D = D) ~ Dg) ﬁ/\’ C o0m
e Eccentricity (shaft displacement) n'\\o m
f Relative film thickness [f= h/Cg] NS 1
fonii Relative film thickness at ¢ =¢7 ; ‘O’O 1
foxi Relative film thickness at ¢ =5 A - 1
F Load-carrying capacity (load) A{( - N
F; Radial force in recess i % N
Fy Horizontal component of the resultant force of recesses ‘\X\ ) N
F, Vertical component of the resultant force of recesses 0:\V N
F* Characteristic value of load-carrying capacity \,\Qv 1
F:ff Characteristic value of effective load-carryin&@?acity 1
F:ff.O Characteristic value of effective load-car{@n\é capacity for N=0 1
h Local lubricant film thickness (clealjap\#gap height) m
hey Oil film thickness at entrance ed@\ﬁ'ecess m
hey Oil film thickness at exit edggw’r*ecess m
hin Minimum lubricant film E.}Q??h\‘ess (minimum clearance gap height) m
h, Depth of recess m
i (index) ||Consecutive numlz@;.,U 1
k Exponent AC_)\V 1
Kot Speed-depe@.\g?t parameter 1
Kot nom Normal}zq?@‘peed-dependent parameter 1
1 Len in'the direction of flow m
Ly Axialland length m
. Citcumferential land length m
L, Length of capillaries m
N Rotational frequency (speed) st
(ircl)(li);x) optimum 1
p Recess pressure, general Pa
p Specific bearingload [p = F/(B x D)] Pa
Pen Feed pressure (pumping pressure) Pa
p; Pressure in recess i Pa
p;* Pressure ratio in recess i 1
Pio Pressure in recess i, when =0 Pa

© IS0 2023 - All rights reserved
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Table 1 (continued)

Symbol Term Unit
Pmax Maximum pressure in recess Pa
Pmin Minimum pressure in recess Pa

P* Power ratio 1
P Frictional power w
Plan Frictional power in land area w
P, Frictional power in recess area w
Pf* Characteristic value for the frictional power 1
Pf*,lan Characteristic value for the frictional power in land area 1
Pf*,p Characteristic value for the frictional power in recess area r/\/ 1
P, Pumping power ny\‘O w
Piot Total power - '\V w
Ptt)t Characteristic value of total power \%U 1
Q Lubricant flow rate (for complete bearing) é\\ m3/s
Q* Lubricant flow rate parameter A{( 1
Q.x Lubricant flow rate from recess in the axial directio@v m3/s
Qcp, i Lubricant flow rate from capillary into recessi ‘\\\ ) m3/s
Qecn Inlet lubricant flow rate into recess in the circ&ih‘fverential direction m3/s
Qex Outlet lubricant flow rate from recess in the circumferential direction m3/s
R, Flow resistance of capillaries . O) Pa-s/m3
N\
R .x  |Flow resistance of one axial landxgblan ax = %] Pa-s/m3
' A ' bay xC3
_ il [ 12xnxI, ]
Rian ¢ |Flow resistance of one circumferential land | Ry, = — Pa-s/m3
<\ b. xCR
Rp Flow resistance pi@é‘recess, whene=0 Pa-s/m3
Re Reynolds nulpk\e\f) 1
Re., Reynolds Q@\ger in capillaries 1
Re, Reyno imber in recess 1
So SOH@G\/feld number 1
T perature °C
Ty BS Viean temperature in the bearings; see Formula (15) °C
;‘m’\‘ Temperature in capillaries °C
Z'Tg,{ Hlettemperature °C
u Flow velocity m/s
U Circumferential speed m/s
w Average velocity in restrictor m/s
Z Number of recesses 1
« Pgsition of first recess related to recess centre measured from load direction; see rad
Figure A.3
B Attitude angle of shaft °
y Exponent in viscosity formula 1
ADlan Pressure difference in land area Pa
AT Temperature difference K

© IS0 2023 - All rights reserved
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Table 1 (continued)

Symbol Term Unit
ATy Mean temperature difference in the bearings K
AT, Temperature difference in capillaries K

£ Relative eccentricity 1
n Dynamic viscosity Pa-s
N Dynamic viscosity for T =Ty Pa-s
Nep Dynamic viscosity in capillaries Pa's
M40 Dynamic viscosity at 40 °C Pas
K Resistance ratio I
'3 Restrictor ratio 1
" Relative frictional pressure 1
¢ opt Optimum relative frictional pressure 1
p Density kg/m
T Shearing stress N/m?
10 Angular coordinate measured from radius opposite to eccentricity, g; see Figure A.3 rad
o Angle of resultant force of recesses rad
o Angle between the centre of land and the centre of drainage groove rad
v Relative bearing clearance 1
Vopt Optimum relative bearing clearance 1
w Angular velocity (w =2 x 1t x N) sl

5 Baseg§ of calculation and boundary conditions

Calculatior} in accordance with this document'is the mathematical determination of the operati¢nal
parameterf of hydrostatic plain journal /bearings as a function of operating conditions, beafing
geometry gnd lubrication data. This meansthe determination of eccentricities, load-carrying capatity,
stiffness, required feed pressure, oil £low rate, frictional and pumping power, and temperature fise.
Besides th¢ hydrostatic pressure build up, the influence of hydrodynamic effects is also approximated.

Reynolds ¢quation furnishes_the‘theoretical basis for the calculation of hydrostatic bearings In
most practical cases of application, it is, however, possible to arrive at sufficiently exact result§ by
approximagion.

The approkimation used in this document is based on two basic formulae intended to describe|the
flow through the béaring lands, which can be derived from Reynolds equation when special boundary
conditions|are observed. The Hagen-Poiseuille law describes the pressure flow in a parallel cleargnce
gap and the Cauette formula the drag flow in the bearing clearance gap caused by shaft rotatioh. A
detailed prieséntation of the theoretical background of the calculation procedure is included in Anngx A.
An example of the calculation procedure is given in Annex B.

The following important premises are applicable to the calculation procedures described in this
document:

a) all lubricant 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;

4 © IS0 2023 - All rights reserved
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e) alubrication clearance gap completely filled with lubricant is the basis of frictional behaviour;

f) fluctuations of pressure in the lubricant film normal to the sliding surfaces do not take place;

g) Dbearing and journal have completely rigid surfaces;

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

i) the clearance gap height in the axial direction is constant (axial parallel clearance gap);

j) Athepressure overthe recess areais canstant;

k) |there is no motion normal to the sliding surfaces.

q

The bearing consists of Z cylindrical segments and rectangular recess of the sdme
supplied with oil through restrictors of the same flow characteristics. Each Segment co
cirqumferential part between two centre lines of axial drainage grooves. With the aid of
mentioned approximation formulae, all parameters required for the design pr calculation
can|be determined. The application of the similarity principle results in dimensionless simila
for Joad-carrying capacity, stiffness, oil flow rate, friction, recess pressures, etc.

The results indicated in this document in the form of tables and diagrams are restricted tq
ranges common in practice for hydrostatic bearings. Thus, &he range of the bearing e
(digplacement under load) is limited to € = 0 to 0,5.

Lintitation to this eccentricity range means a considerable simplification of the calculation
as the load-carrying capacity is a nearly linear function of the eccentricity. However, the a
of this procedure is hardly restricted as in practieé.eccentricities € > 0,5 are mostly unde
reasons of operational safety. A further assumption for the calculations is the approximate
res{rictor ratiol2] & = 1 for the stiffness behavioifr.

As for the outside dimensions of the bearing, this document is restricted to the range bear
ing diameter B/D = 0,3 to 1, whichds:common in practical cases of application. The rece
er than the clearance gap height by a factor of 10 to 100. When calculating the friction
Lion loss over the recess in relation to the friction over the bearing lands can generally b
hccount of the above premises. However, this does not apply when the bearing shall be
n regard to its total powetlosses.

To 1
ext

ake into account thé load direction of a bearing, it is necessary to distinguish betwe
‘eme cases, load in.the direction of recess centre and load in the direction of land centre.

Ap4d
the
Ing
60

rt from the aforementioned boundary conditions, some other requirements are to be me
design of hydrostatic bearings in order to ensure their functioning under all operating
eneral, @&bearing shall be designed in such a manner that a clearance gap height of at le
o of the initial clearance gap height is ensured when the maximum possible load is ap

ize and is
nsists of a
the above-
bf bearings
rity values

operating
ccentricity

procedure
bplicability
sirable for
d optimum

ing width/
ss depth is
losses, the
e neglected
optimized

bn the two

htioned for
conditions.
st 50 % to
plied. With

thid
sha

imind, particular attention shall be paid to misalignments of the shaft in the beai

ing due to

ft-deflection which may result in contact between shaft and bearing edge and thus in dainage of the

bearing. In addition, the parallel clearance gap required for the calculation is no longer pres
a case.

ent in such

In the case where the shaft is in contact with 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.

It shall be ensured 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).

© IS0 2023 - All rights reserved
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6 Method of calculation

6.1 General

This document covers the calculation, as well as the design, of hydrostatic plain journal bearings. In
this case, calculation is understood to be the verification of the operational parameters of a hydrostatic
bearing with known geometrical and lubrication data. In the case of a design calculation, with the given
methods of calculation, it is possible to determine the missing data for the required bearing geometry,
the lubrication data and the operational parameters on the basis of a few initial data (e.g. required load-
carrying capacity, stiffness, rotational frequency).

In both cafes, the calculations are carried out according to an approximation method based~on|the
Hagen-Poigeuille and the Couette formulae, mentioned in Clause 5, see also A.2.2 and A.2.3. The'béaring
parameterf calculated according to this method are given as relative values in the form of tables pnd
diagrams gs a function of different parameters. The procedure for the calculation or design of bearings
is describdd in 6.2 to 6.7. This includes the determination of different bearing pardmeters with|the
aid of the given calculation formulae or the tables and diagrams. The following calculation items|are
explainedr]\n detail:

a) determination of load-carrying capacity with and without taking into account shaft rotation;
b) calculgtion of lubricant flow rate and pumping power;
c) determination of frictional power with and without consideration*of losses in the bearing recesyses;

d) procedure for bearing optimization with regard to minimutm’total power loss.

For all calgulations, it is necessary to check whether thelimportant premise of laminar flow in|the
bearing cldarance gap, in the bearing recess and in the capillary is met. This is checked by determii
the Reynolds numbers. Furthermore, the portion of thé’inertia factor in the pressure differences shall
be kept low at the capillary (see A.3.1).

If the bour]dary conditions defined in Clause 5'are observed, this method of calculation yields resplts
with deviafions which can be neglected for-the requirements of practice, in comparison with an ekact
calculation by solving the Reynolds equation.

6.2 Load-carrying capacity

Unless ind]cated otherwise, itiis-assumed in the following that capillaries with a linear characteristic
are used ap restrictors and-that the restrictor ratio is £ = 1. Furthermore, the difference is only
between the two cases, “load’in direction of recess centre” and “load in direction of land centre”. For this
reason, it i$ no longer.néentioned in each individual case that the characteristic values are a functi

» o«

the three parameters,{'restrictor type”, “restrictor ratio” and “load direction relative to the bearin

Even undé¢r the~abovementioned premises, the characteristic value of load carrying capafity
[Formula (L}

" BXDXPey  Pen
still depends on the following parameters:
— number of recesses, Z;
— width/diameter ratio, B/D;
— relative axial land width, [, /B;
— relative land width in circumferential direction, I./D;

— relative groove width, b;/D;

6 © IS0 2023 - All rights reserved
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— relative journal eccentricity, ¢;

— relative frictional pressure when the difference is only made between the two cases, “load on recess
centre” and “load on land centre”:

N Xw

e = > (2)
Pen XY
NOTE The Sommerfeld number, So, common with hydrodynamic plain journal bearings can be set up as
follows:

— VA *
N X0 7¢

In IFO 12167-2:2021, Figures 1 and 2, the functions F*(g, m¢) and f(¢, m¢) are represented forf/ =4, =1,
B/D=1,1,/B=01,1/D=0,1,bg/D = 0,05, i.e. restriction by means of capillaries, load in direction of
centre of bearing recess.

1SO|12167-2:2021, Figures 1 and 2 show the influence of rotation on the, characteristic value of load-
carrying capacity and the attitude angle.

Forfthe calculation of a geometrically similar bearing, it is possible fo'determine the minimuin lubricant
filn] thickness when values are given, e.g. for F, B, D, p,,, w, ¥ ,and ng (determination of ng agcording to

6.6/|if applicable).
All parameters are given for the determination of F*‘according to Formula (1) and m; adcording to
Formmula (2). For this geometry, the relevant values_ for € and f can be taken from ISO 12167-2:2021,
Figyires 1 and 2 and thus, h;, = Cx(1 - &).

min

Accprding to the approximation method described in Annex A, it transpires that the chgracteristic
valye of effective load-carrying capacity is no longer a function of the ratio B/D.

*

P F _ F
e b X ZXbyy X P,y be  ZXbgy
D B

3

If the resistance ratio

_ Rlan, ax [,y X be
Rlan, c Ic X bax

k (4)

and|the speed dépendent parameter

Exkoxme I,

Krot S D

K
Krot,nom = 1 —ri_olt( (5)

are introduced, there remains a dependence on the following parameters:

Feff (Z'(pG 'k'Krot '8)

If, in addition, advantage is taken of the fact that the function Fe*ff (&) is nearly linear for £ < 0,5, then it

is practically sufficient to know that the function Fe*ff (e=0,4)=f(Z,pg ,k,K,, ) for the calculation of
the load carrying capacity.

©1S0 2023 - All rights reserved 7
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For K., = 0, i.e. for the stationary shaft, the characteristic value of effective load-carrying capacity for

€ =0,4 only depends on three parameters:

Fu (€=0,4)= f(Z,9 k)

Thus, in ISO 12167-2:2021, Figure 3, F:ff,o (¢=0,4) for Z =4 and 6 can be given via k for different ¢

values.

The influence of the rotational movement on the characteristic value of load-carrying capacity is taken

into accoupt by the ratio — = £ (Z,¢5 .k, K,y )

*

Feft0
For Z =4, the ratio Fe*ff /Fe*fﬂ o0 isshowninISO 12167-2:2021, Figure 4. The hydrodynamically.conditioned
increase off the load-carrying capacity can be easily recognized when presented in such’amanner.

If, for exanyple, Z and all parameters are given for the determination of Fe*ff according to Formula (3),
according fo Formula (4) and K., according to Formula (5), then the minimum(ubricant film thicknpess

developing during operation can be determined.
After hav:L,:g calculated ¢, k and Ko, o, the value for Fe*ff,o (€=0,4) 4s taken from ISO 12167-2:2921,

Figure 3 and the value for F;ff /F;ff,o (¢=0,4) from ISO 12167-2;2021, Figure 4, Fe*ff is calculgted
according fo Formula (3) and then the relative eccentricity is obtained as follows:

e 0,4% Flge
Fh x
—H(£=0,4)xFefz o (£=0,4)
Fef,O

and the mipimum lubricant film thickness is h 3= Cr x (1 - €).

6.3 Lubricant flow rate and pumpingpower
The charadteristic value for the lubricant flow rate is given by
* ZXT]
g Sall - (6)

CR ><pen

It depends|only slightly’an/the relative journal eccentricity &, the load direction relative to the beafing
and the relptive frictignal pressure m;, or the speed dependent parameter K. ..

By approximatien;.the lubricant flow rate can be calculated as follows (see also A.3.4):

l

ax

B ><k+1
Ie k
D

A
X
6(1+¢)

Q' (e<05)=Q’ (e=0)= L (7)

8 © IS0 2023 - All rights reserved
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2 R 6xng X1
Lz_l’(g =0) with &=—" and Rpy =#
1+&  Pen Ry, by XCi (1+k)
flow resistance of the capillaries according to A.3.2.2 is given by
128xn., X1
Repo —————2-x(1+a)
mxd,

with the non-linear portion (inertia factor)

B/D

For
con

Acc
cha

6.4
The

Frid
the

Acc
are

a= 1,08>< AXQXp
32 MepXlep xXMXZ

fonverting Formula (6), the lubricant flow rate can be calculated when the parameters n
and [,,/B are given.

optimized bearings, Q* shall be taken from ISO 12167-2:2021, Table 1. The, pumping pow
sidering the pump efficiency, is given by

2 3
* P xC
Pp =QXPe, =0Q wen 7 ~R
B

racteristic value of both flow rate and pumping power.

Frictional power
characteristic value for the frictional powefis given by

Pf* _ Pf XCR

Ng XU xBxD
tion generates in the lands as well as in the recess area. The land area related to the tota|
bearing m x B x D is given by

- A l l I Ly b
Ajgy =——28 _ 2y zle o[ 1o axiax | gylax 26
nxBxD mn~|B D B B D

prding to the approximation method, the characteristic value for the frictional power
h is given by

*
X Alan

P =
flan = F——
an. 1_82

i CR' Pen E'

er, without

(8)

brding to the approximation method, Q* is again determined according to Formula (7), thus it is the

9

I surface of

n the land

an

in-the recess area

Pffp :n><4><i—R><(1—Afan ) :

p

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

* x 4xC
P :nxAlanx|: ! + R x 3 -1 }
V1—82 hp Alan

The actual frictional power is obtained by converting Formula (9):

* xU?xBxD
Pf :Pf X—nB
R

© IS0 2023 - All rights reserved
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6.5 Optimization

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

2 3 2
Prot =Py +P; _0"x Pen XCR +Pf* LU XU xXBxD
) Cr
With Formulae (8) and (9), this can be written as follows:
a* [ p
Prot =F x0xCy X xL1+—fJ [11)
* P
AX—XF X7¢ p
D
Following § proposal of Vermeulen,[3] the ratio of frictional power to pumping power is ifttroducefl as
an optiona| parameter and designated with P*. Thus, the characteristic value for the total power lo$s is
given by
* Ptot Q x (1 +P )
o=t oxen B 12)
R 4><5><F X T¢

Serial calcy
range, P* s

with the mean value P* = 2 may be carried out.

The relatiy

ilations have shown that the power minimum which can be‘obtained in the relatively v
1 to 3, depends only slightly on the chosen power ratig, P*. An approximated optimiza

e frictional pressure in Formula (12) cannot be chiosen freely, as it is linked to the chg

Fide
fion

sen

power ratip, P*:
. P P
p :—'—:nf2x4><£>< f* 13)
Iz D

When P*, H/D, ¢, ng/Cg and & are given, the ¢haracteristic value of total power according to Formula {12)
to be minimpized remains only a function of Z, I, /B, I./D and b/D.
In ISO 12167-2:2021, Figures 5 to 12, Pt’;t for P*=2,b;/D =0,05,&=1, £ =0,4is presented for diffefent
B/D and Z|as a function of I,4/B,-l./D and I./B respectively, taking into account the friction in|the
recesses. The land widths, [,//8and I./B [I./D = (I./B) x (B/D)], where the total power is reduced fo a
minimum, fesult from thesefigures.
The optimyim land widthsand the associated values for B/D =1 to 0,3, as well as the numbers of rece$ses

Z=4t010

With decrd

obtained by this, are given in ISO 12167-2:2021, Table 1.

asiigwidth, P.:;t and thus, the total need of power increases. For high rotational frequen|

and a give

cies

h ‘diameter, it may, however, be advantageous to use a plain bearing with smaller bea

[ing

width.

In the case where the shaft is at a standstill or rotating very slowly, the optimization method with P* =1
to 3 can no longer be applied; see Reference [3]. In this case, the pumping power has to be minimized
and thus, relatively wide lands are obtained. Therefore, the approximation method also fails and the
Reynolds equation has to be solved by means of a finite method.

For a bearing with Z = 4, B/D = 1 the following land widths are recommended as being optimal
L,./B=1,/B=0,25.

For € = 0,4, the following values can be used for the calculation, F* = 0,174 and Q* = 1,48.

10 © IS0 2023 - All rights reserved
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Temperatures and viscosities

With € = 0, heating in the capillaries due to dissipation is calculated as follows (heat exchange between
lubricant and environment is not considered here):

S

_pen_p: Pen %
cpXp  cpxp 148

AT,

and heating in the bearing, again with ¢ = 0, as follows:

PF Pen ( 1 * \
ATg= ¥ = X TP
CpXpP  CpXPXQ cpXp L1+§ J
Thys the mean temperature in the capillaries is given by

and

Itis

1
Tep =Tep + ExATCp
the mean temperature in the bearing
1
Tg =Tep + ATy + ExATB

assumed for the effective viscosities in the capillaries and bearing that n., = n (T;) and

If the dependence of the viscosity on temperature is not.eompletely known, the viscosities,

can

M2,
and|

If o
con

re known at two temperatures, T; and T,, which-should be close to the estimated tempe
TB-

Nep=11%exp[ =rx(Tep =T1 ) |; ng=n,x€xp[-yx(Tg = T1)]

! ><1r1ﬂ
T2=T1 1y
nly the viscosity class in_accordance with ISO 3448 is known, then the course of vi
mon lubrication oils haying a viscosity index of about 100 can be calculated only on the

withy =

nonpinal viscosity, 14, (dynamic viscosity at 40 °C):

Thd
clas

p=

11
T +95 135

M40
0,18x1073

n(T):n4O><exp[160><ln( )x( H

dynamigwiScosity, 14, is obtained by multiplying the kinematic viscosity, n,,, based on t}

D00-kg/m3.

(14)

(15)

g = 1(Tp)-

ncp and N

be approximated, following the statement of Reyn@lds. A precondition is that two viscosities, n; and

Fatures, TCp

(16)

scosity for
basis of the

(17)

e viscosity

ses, by-the density, p. If this value is not exactly known, it can be calculated by approxinmation with

For!
Ros

6.7

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

Minimum pressure in recesses

Cameron and

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 recess

© IS0 2023 - All rights reserved
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pressure, 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 applies

p .
ﬂ(Z'QDG'k'Krot)

en

In [SO 12167-2:2021, Figure 13, the minimum relative recess pressure over K, . is shown for Z = 4,
£=0,4,k=1to 2 and two ¢ values.

12 © IS0 2023 - All rights reserved
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Description of the approximation method for the calculation

of hydrostatic plain journal bearings

A.]I General

The

cas

bs where small lands are provided (e.g. shaft rotating at high speed). In the case of wide

Reynolds equation shall be solved by means of differential formulae.

A.2 Fundamentals

A.2l1 General

Thd

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

Key]

P,

bearing

calculation is based on an approximation method leading to an almost exact xéesalt, egpecially in

" lands, the

approximation method assumes laminar flow, free of in€xtia, and uses two basic formylae for the

2

SiTaft

Figure A.1 — Pressure flow between parallel plates

© IS0 2023 - All rights reserved

13


https://standardsiso.com/api/?name=265af80610f7f0a3ac625ac77fd35b73

ISO 12167-1:2023(E)

Key
1  bearing
2 shaft

Figure A.2 — Drag flow due to shaft rotation

A.2.2 Hagen-Poiseuille formula

Pressure flow between parallel plates: (b >> h)
0= (p4-p1)xbxh’
12xnxl1
A.2.3 Copette formula

Drag flow glue to shaft rotation:

Q=bx

A2.4 Fu

U x h

(2

rther assumptions

essure is constantever the recess area.

scosity in thebearing and in the restrictors is constant.
nd bearingiare rigid, their axes always parallel.

 calculation of the lubricant flow rates, it is assumed that the outlet width extends up to
ofthe adjacent lands and that the pressure drop over the outlet length is linear.

a) The pr
b) Thevi
c) Shaft3
d) For thg

centre
e)

the centre of the adjacent lands.

A.3 Calculations

A.3.1 General

the

For the calculation of the load effects, it is assumed that the pressure in the recesses spreads up to

At first, the pressures in the recesses are calculated with the aid of the continuity formula for a certain
shaft position, defined by ¢, f where € = e/C

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

14

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=265af80610f7f0a3ac625ac77fd35b73

IS0 12167-1:2023(E)

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 has the same direction (see

Figure A.3).

@D

Figure A.3—~— Bearing geometry

In grinciple, a vertical load is assumed-for the calculation. However, this is no restriction gs it can be
assymed that the bearing is to be mounted appropriately for other directions of load.

The segment, i (i = 1, 2, ... Z), starts at the angle ¢, ; (centre of drainage groove) and ends gt the angle
@, j|(centre of next drainage-groove), as shown in Figure A.3. Angles ¢, ¢, ;,and ¢, ; are meagured from
radjus opposite to eccentricity, e, as shown in Figure A.3.

The centre of the firstrecess is situated at o. The initial angle and the end angle are

The film thickness, h, changes in the land area according to h = Cx(1 + € x cos ).
A.3.2 Pressures in the recesses

A.3.2.1 General

The continuity principle is used for each recess. The separate recesses are decoupled by axial grooves
so that the determination of pressure in the recesses does not depend on the pressure of the adjacent
recesses. The grooves themselves are pressureless.

© IS0 2023 - All rights reserved 15
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A3.22 L

ubricant flow rate via preresistance

The lubricant flow rate via preresistance (& = 0) is given by

Z

Q (pen_p)k

where k =1 corresponds to a linear resistance law.

Example of capillary with laminar flow:

R6cp:‘

and with n

k:1 corr
2
can be regs

When dimj{
taken into

necessary

>(0,3 % dcp)

W X oy X
4P 5300
poligible portion of the term of inertia ngTJZ .

irded as independent of the Reynolds number.

bnsioning a capillary, the portion of the term of inertia shall be kept low and, if applicable

The flow r¢sistance of the capillaries is then
P -2
2,16 X =X
R zlen_pi :Aplan +Apen :128XnCPXICP + 2 v
Ccp 4
Q e @ nxde; x B d?
A A A 4 P
128x%xn., X1
Rep =+———x(1+a)
TXdp,
where Rec :M
ZXTXd ey X
1 dgy.~ 1 4
and a= '(?XRECP SR _ ,08>< XQxp
32 cp 32 ZXTXIpy X,
The portign of the non-linear term, a (inertia factor), has the effect that the exponent k < 1 in
abovementlighed formula for Q/Z. Exponent k can be calculated by approximation as follows:
_ 1+4a
1+2xa

bsponds to a square-law dependency, for example, of an orifice, the flow~coefficient of which

, be

account. According to the theory of Schiller given in Reference [5], the pressure drop

to generate the velocity, w= 4xQ 5 ata properly founded inlet (rounding off radlius
Zx7mXdg,

: _ p. 2

is Apen, _2'16XEXW .

the

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

Reg, =100

16

0 to 1 500 shall not be exceeded.
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A.3.2.3 Axial lubricant flow rate

The volume flow from recess i in the axial direction is

IS0 12167-1:2023(E)

where ¢ =

his

If, fpr the initial angle 90'1,1’ =@q ;T or for the end angle §0'2,,' =@, ;—¢g and

92,i~%c

an‘i=2>< _[
?1,itPc

lcthg
D

3 .
h xﬂxgxdgo
12xng lax 2

notconstantduetothe shaft nrrnnfr‘ihify

3

o = (P,z'i h—d(p = J-(P,Z'i (1 +£c05(p)3 xde
1, Cﬁ P,
’ ’ 3 2 . ’ . ’ 3 3 2 . 3 . ’
=| (p; —7 )X 1+E><e +(sing, —smq)l)x(Se +e )+ZX8 X (sin2¢; —singq)
e 3 3
—?x(sm ¢, —sin qol) i
then
Qui= Cﬁ xD X o X
ax,I _12><773><lax i XDj
A.3{2.4 Circumferential lubricant flow rate
When the volume flow rate in the circumferéntial direction is calculated, a flow between pai]
with film thicknesses of hy, ; = h(‘P1,i) OF hey ; = h(goz',-) is assumed as an approximation.
In the circumferential direction,for. the volume flow flowing in:
. Sh3
Uxhen,l pl en,l
Qen,i =bcX 2
2 12XngXI¢
and by analogy, the following applies to the volume flow flowing out:
3
UX hey i Xhoy
Qex,izbc>< heX,l + i =
2 12xn X,
A.3{2:5 Lubricant flow from the capillary restrictor

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

Qcp,i :an,i + Qex,i _Qen,i :

allel plates

Qcp,i 1s the rate of lubricant flow from the capillary restrictor into the recess i and is given by Hagen-

Poiseuille law as follows:

_ (pen —Di )
Qcp,i -
R
cp
© IS0 2023 - All rights reserved
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be

i-1 i

i+1

J

lax

ool

Oen,/ O:SGax,i Oex,i
Figure A{4 — Volume flows for one recess (figure representedin flattened for sliding surfade)
If foni=1ft€Xcos @’y and f, ;=1+excose’y;
2xU
O=2X{XN=—-
p .
Pi=—1
pen
The speed dependent parameter is
g X X EXkXI,
KI‘Ot = 2
Pen XY~ XD
2xC
where the felative bearingclearance is ¥ = D R
R L, Xb
the resistahce ratiogs k=—" =" ¢
p.c Ic ><bax
R R, . xk
the flow resistanece-of-onerecessate=-0-isRpg= ber _ Bf
©2(1+k) 2(1+k)
Ryy  RepXbay XCi
and the restrictor ratio is £ = —b =X R (1+k).
P,0 6X77B ><Iax

18
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*
Then the pressure p; in the recess iresults from

6XK ot

ptk: pi — 1_W(fex,i_fen'j)
1

Pen 14 a; x& kxgx(f:n,i +fe3;<,i)
2(1+k)[g—(pc 2(1+k)

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

a) |[restrictor ratio, &;

b) [bearing geometry:

— number of recesses, Z,

— form and position of recesses, (k, a),
— position of journal, (g, 3);

c) |speed dependent parameter, K. .

The angle §is determined iteratively in the course of the calculation.

A.3L3 Load F, attitude angle f, stiffness c

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

T
- %G D
F;, =b, ijn p,-cos§><5xd6 =Dxb, xpisin(g—go(; j
-9
z

©1S0 2023 - All rights reserved 19
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Figure A.5 — Application of load to one recess

The directjon of F, is given by

— (pen,i+(pex,i
i

The horizoptal component is-the sum of all horizontal projections of F; is given by
. Z
F, =b, xstin(E—q)G ]xz p; xsin(@; + B)

i=1

Corresponflingly; for the vertical component

4
F, =b.xDxsin E—goG pri xcos(@; + )
Z i=1
where

o; +ﬂ:a+27nx(i—1)

The total load is F:,/F}Z]+F%,

F
Angle of the resulting force ¢ = arctan -
\%

20 © IS0 2023 - All rights reserved
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In case of vertical load, the attitude angle for each ¢ should be modified in such a way that ¢ = 0. If the
load-carrying capacity F is not applied vertically but at an angle ¢y to a perpendicular line, then the
results for vertical direction of load can be applied when mounting the plain bearing at the angle ¢y.

The stiffness c can generally be defined in different ways.
Here, the following definition is used:

F F
cC=—=
e 8XCR

A.3l4 Lubricant flow rate and pumping power

The total lubricant flow rate can be calculated on the basis of the sum of the flow fatés through the
resfrictors, Qcp it

Q 2 Z pen ZPI

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

Purhping power, p,=QXp,,

A.3L5 Frictional power

The frictional power is composed of

a) [friction in the land area, and

b) [friction in the recesses due to secondary flew.

Theland area is given by

A =2X1X Ly XD+ 2XZ X1 X (B<ZX 1 )—2XZ xbg X1,y

. :n><AlB+I>l<D = %x{l‘%‘xn+2x%x(1—2x%j—beEle%‘}

The shearing stress at‘the shaft surface is, in general, given by
f:nB[%] =1Xa—p><h+g><r]3

As an approximation, the shearing stress t is calculated as follows without taking into dccount the
pregsute flow rate.

T_gx
B

The result for the land friction is finally given by

U? dA
Pﬁlan:j txUxdd =1 xj
Alan Cr A 1+€Xcos@
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If it is assumed that the lands are uniformly distributed over the periphery, it can be simplified as

follows:

P flan —

nXsz Alan
Cr 1/1_82

Although the depth of recess hp >> h according to Shinkle and Hornung,[®] the friction due to the
secondary flow in the recesses shall be included in the calculation for shafts running at high speed. This

applies esp

ecially to wide recesses and small lands

When the f

{
Rep:_

then the fr

When Rep
the preced

A.3.6 Fo
The follow

CrR=—
E

D*Xpg

Pen

=AX

low in the recesses is still laminar, i.e.

Ixhpxp
Mg

ction in the recesses is calculated as follows:

<1000

nx y?
hp

X Ap

KBXD— A,

> 1 000, then the flow is turbulent and the friction increases correspondingly. In that c
ng formula for 7 can no longer be used.

'mulae for dimensioning

ng formulae can be used to determine the dimensions when stiffness c is given:

1]

Us:!

Ase,

22
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Example of calculation according to the method given in Annex A

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

lubj
pow

B.1

.2 Dimensions

Bearing diameter, D = 0,12 m

Bearing width, B=0,12 m

Width of circumferential outlet, .= 0,108 m
Axial land length, ., = 0,012 m
Circumferential land length, /.= 0,012 m
Width of drainage groove, b = 0,006 m
Depth of recess, hp =40 Cym

Number of recesses, Z = 4

Diameter of capillaries, dcp =0,003 25 m

Length of capillaries, /5= 1,14 m

Relative bearing-clearance, v = 1,5%1073

Radial clearance, Cy = y/xg =90x10°m

.3 Qperational data

llgad-carrying capacity (load), F=20 000 N

icant oil, ISO VG 46, and the temperature in front of the bearing are also stated. The amjount of oil,
er, stiffness, film thickness, etc. are to be calculated. The following parameters are giver].

B.1

Rotational frequency (speed), N=16,66s1 (w =2 x T x N = 104,7 s71)

Inlet temperature, T, = 45 °C

’ ~en

Feed pressure, p,, = 60 bar = 6 x 10° Pa

.4 Lubricant data

Table B.1 is given the lubricant data for ISO VG 46.

©IS

02023 - All rights reserved
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Table B.1 — Temperature dependence for ISO VG 46

T n

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

— Volume specific heat, ¢,-p = 1,75 x 106 ]/m3-K

— Density, p =900 kg/m?

mzixln 0,04140
Nso 10 0,02658
These datalare used to calculate the parameters listed in B.1.5 to B.1.18.

Exponent, falculated on the basis of the lubricant data, y = i>< In =0,0443

B.1.5 Temperatures and dynamic viscosities

The frictiohal power is not yet known from the first calculation. It is thereforeapproximated as follpws
with (€= 1f P* = 0).

6
AT, =|-Pen_x & |._6x10 = 1 17k
cpXp \1+& ) 1,75x10% (1+1

6
ATB:.pen 6x10 X L tolz1,9K
pXP 1+§ 175><10 1+1

AT, 1,7 .
Tep =Ty + 5 =45,85°C
ATp
Tg =Ty}, + AT, +T ! 7: °C

The dynanjic viscosities are then given by

Nep =Mho X exp| =y % (T, 740)]=0,041 4xexp[-0,044 3% (45,85-40)]=0,0319Pa-s

Ng =N4o xexp[-yx(T+~40)]=0,0414xexp[-0,0443x(47,55-40)]=0,0296 Pa-s

B.1.6 Flow resistances

]28X77chIcp L
R = T a)y=

128x0,0319x1,14 .
P Tcxdfp

1x0,00325%

4 10 An} L
0T 1Y Id D/lll

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.

IC

Rian ax _6xmg D Dk _6x0,0296x0,1x1x1,43

2x(1+k) cs b_c B 1tk
B

Rp o= =1,593x10'° Pa-s/m3

(90><10‘6)3><o,9><2,43

K is calculated in B.1.9.
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