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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{or
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

Hydrostatic bearings use external lubrication to support pressure on the bearings; thus, are less prone
to wear and tear, run quietly, and have 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 part of ISO 12167 may be applied to bearings with different numbers
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The calculation procedures listed in this part of ISO 12167 enable the user to calculate and ass
beafing design, as well as to design a bearing as a function of some optional parameters. Fu
thiq part of ISO 12167 contains the design of the required lubrication system ifacluding the
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drainage grooves under steady-state conditions —

Part 1:
Calculation of oil-lubricated plain journal bearings with

dr

Thi

Int
acc
san

Thd
ind
refe

ISO

ISO
sted
bea

3

Cal
ope]
bea
car

tem
alsa

Rey
In 1

rainage grooves

Scope
5 part of ISO 12167 applies to hydrostatic plain journal bearings under steady-state cond

his part of ISO 12167, only bearings with oil drainage grooves between the recesses are
unt. As compared to bearings without oil drainage grooves, this type’needs higher pow
e stiffness behaviour.

Normative references

following documents, in whole or in part, are nornmatively referenced in this docume

rences, the latest edition of the referenced docutnent (including any amendments) applig
3448, Industrial liquid lubricants — ISO viscésity classification

12167-2:2001, Plain bearings — Hydréstatic plain journal bearings with drainage gro
dy-state conditions — Part 2: Chargsteristic values for the calculation of oil-lubricated p]
r'ings with drainage grooves

Bases of calculationand boundary conditions

ulation in accordance .with this part of ISO 12167 is the mathematical determinat
rational parametersyof hydrostatic plain journal bearings as a function of operating
ring geometry (anid lubrication data. This means the determination of eccentric
'ying capacityjstiffness, required feed pressure, oil flow rate, frictional and pumping
perature risé. Besides the hydrostatic pressure build up, the influence of hydrodynami
approximated.

nolds?differential formula furnishes the theoretical basis for the calculation of hydrostat

fitions.

taken into
er with the

nt and are

spensable for its application. For dated references, only the edition cited applies. For undated
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c bearings.

nost practical cases of application, it is, however, possible to arrive at sufficiently exact

results by

ap

OXITITatio:

The approximation used in this part of ISO 12167 is based on two basic formulae intended to describe
the flow through the bearing lands, which can be derived from Reynolds’ differential formula when
special boundary conditions are observed. The Hagen-Poiseuille law describes the pressure flow in a
parallel clearance gap and the Couette formula the drag flow in the bearing clearance gap caused by
shaft rotation. A detailed presentation of the theoretical background of the calculation procedure is

incl

uded in Annex A.

The following important premises are applicable to the calculation procedures described in this part of

ISO
a)

©IS

12167:

all lubricant flows in the lubrication clearance gap are laminar;
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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) 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) bearingand 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
lubricdnt film thickness;

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

j) the pr¢ssure over the recess area is constant;

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

The bearing consists of Z cylindrical segments and rectangular rece$s of the same size ang is
supplied with oil through restrictors of the same flow characteristics.“Each segment consists pf a
circumfergntial part between two centre lines of axial drainage grooves. With the aid of the abgve-
mentioned|approximation formulae, all parameters required for the design or calculation of bearjngs
can be det¢rmined. The application of the similarity principle results in dimensionless similarity values
for load-cafrying capacity, stiffness, oil flow rate, friction, recess pressures, etc.

1 to
ing

The result
operating
eccentricit

5 indicated in this part of ISO 12167 in the farm of tables and diagrams are restricte
ranges common in practice for hydrostatic bearings. Thus, the range of the bea
i (displacement under load) is limited to %0 to 0,5.

Limitation
as the load
of this pro
reasons of
restrictor 1

to this eccentricity range means a eensiderable simplification of the calculation proced
-carrying capacity is a nearly linéapfunction of the eccentricity. However, the applicabllity
cedure is hardly restricted as in_practice eccentricities € > 0,5 are mostly undesirablg for
operational safety. A furthernassumption for the calculations is the approximated optimpum
atiolll &£ = 1 for the stiffnessbehaviour.

ure

As for the
width/bea

butside dimensions of<the bearing, this part of ISO 12167 is restricted to the range bea
Fing diameter B/D&-0;3 to 1, which is common in practical cases of application. The re

depth is larger than the clearance gap height by a factor of 10 to 100. When calculating the fric

losses, the

friction loss gver the recess in relation to the friction over the bearing lands can gener

[ing
fess
[ion
ally

be neglecte
optimized

bd on account of the above premises. However, this does not apply when the bearing shall be
with regard to its total power losses.

To take int
extreme c3

0 account the load direction of a bearing, it is necessary to distinguish between the fwo

ses, load in the direction of recess centre and load in the direction of 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 ensured 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 may resultin contact between shaft and 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.

In the case where the shaft is in contact with the bearing lands when the hydrostatic pressure is
switched off, it might 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.

© ISO 2016 - All rights reserved
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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 5.7).

4 Symbols, terms and units

Table 1 — Symbols, terms and units

Symbol Term Jnit
a Inertia factor 1
Alan Land area m?2

A
A* Relative land area A;n = "lan 1
lan nxBxD
Ap Recess area m?2
b Width perpendicular to the direction of flow m
b i i b =" (1 4b
ax Width of axial outlet ax =, - ( ¢ Thg ) m
P |Width of circumferential outlet (b_ = B~ "
idth of circumferential outle ( c=B- ax)
bg Width of drainage groove m
B Bearing width m
c Stiffness coefficient N/m
Cp Specific heat capacity of the lubricant (p = constant) J kg-K
Cr Radial clearance [CR = (DB - D] ) / 2} m
dep Diameter of capillaries m
D Bearing diameter(Dj: shaft; Dg: bearing; D ~ Dy ~ Dg) m
e Eccentricity.(shaft displacement) m
f Relativefilm thickness [f= h/CRr] 1
Jeni Relative film thickness at ¢ = @] ; 1
fex,i . . . o 1
Relative film thickness at ¢ = ¢, ;
F Load-carrying capacity (load) N
F* Characteristic value of load-carrying capacity [F* = F/(B x D x pen)]
F*ff Characteristic value of effective load-carrying capacity 1
€
p:ffo Characteristic value of effective load-carrying capacity for N =0 1
h Local lubricant film thickness (clearance gap height) m
hmin Minimum lubricant film thickness (minimum clearance gap height) m
hp Depth of recess m
Krot Speed-dependent parameter 1
l Length in the direction of flow m
Lax Axial land length m

© IS0 2016 - All rights reserved 3
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Table 1 (continued)

Symbol Term Unit
lc Circumferential land length m
lep Length of capillaries m
Rotational frequency (speed) sl
p Recess pressure, general Pa
P Specific bearing load [ p = F/(B x D)] Pa
Den Feed pressure (pump pressure) Pa
Di Pressure in recess i Pa (~
Pi* Pressure ratio [P;* = P;/Pen] r\Q'\
Pi, 0 Pressure in recess i, when £ = 0 r\ %
pP* Power ratio (P* = Pf/Pp) (-:\' 1
Ps Frictional power Nt w
Py Pumping power . NY w
Prot Total power (Ptot = Pp + P) ‘Q)U w
P':)t Characteristic value of total power Os\\ 1
Q Lubricant flow rate (for complete bearing) ()Q\ m3/s
Q* Lubricant flow rate parameter \\\‘ 1
Qcp, i Lubricant flow rate from capillary into recess 1 hs\\) m3/s
Rcp Flow resistance of capillaries ,{9‘0 Pa-s/m3
_ _ @ X1 X Iax
Rian,ax | |Flow resistance of one axial land Rlan a PO & Pa-s/m3
‘{b bax X CIS;
Rian, ¢ \\ ) Pa:s/m3
12xnx1
Flow resistance of one Circu§fe‘r‘ential land Rlan,c = —3C
bc xCp
Rp,0 OC) Pa-s/m3
. lan,ax
Flow resistance o{@e recess, whene =0, Rp,O -~ (1 . K)
Q
Re Reynolds nufmber
So Somm@fd number 1
T Tgl@ture °C
TB dﬁ%ﬁ temperature in the bearings; see Formula (15) °C
AT Temperature difference °C
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 first recess related to recess centre measured from load direction; rad
see Figure A.3
B Attitude angle of shaft °
g Exponent in viscosity formula
£ Relative eccentricity (¢ = e/CR)

4 © IS0 2016 - All rights reserved
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Table 1 (continued)
Symbol Term Unit
n Dynamic viscosity Pa-s
nB Dynamic viscosity for T = Ty Pa:s
K 1
Rlan, ax | xb
Resistance ratio | x = = ¢
R, I xb
an, ¢ c ax
& 1
RC
Restrictor ratio | & = —2—
P,0
Tf 1
Mg xXo
Relative frictional pressure | T, = —
Pen Xy
p Density ki/m3
T Shearing stress N/m?2
10) Angular coordinate measured from radius oppositeto.eccentricity, e; rad
see Figure A.3
2xC,
Y Relative bearing clearance | v = D 1
W Angular velocity (w = 2 x T x N) s
5 |Method of calculation
5.1 General
Thig part of ISO 12167 cevers the calculation, as well as the design, of hydrostatic plgin journal
bearings. In this case, calculation is understood to be the verification of the operational pajameters of
a hyidrostatic bearing with known geometrical and lubrication data. In the case of a design ¢alculation,

with the given meth0ds of calculation, it is possible to determine the missing data for the required
beafring geometry, the lubrication data and the operational parameters on the basis of a fewinitial data
(e.gl required load-carrying capacity, stiffness, rotational frequency).

In hoth cases, the calculations are carried out according to an approximation method based on the
Hagen-Roiseuille and the Couette formulae, mentioned in Clause 3. The bearing parameters| 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 or design of bearings is described in 5.2 to 5.7.
This includes the determination of different bearing parameters with the aid of the given calculation
formulae or the tables and diagrams. The following calculation items are explained in detail:

a) determination of load-carrying capacity with and without taking into account shaft rotation;

b) calculation of lubricant flow rate and pumping power;

c) determination of frictional power with and without consideration of losses in the bearing recesses;
d) procedure for bearing optimization with regard to minimum total power loss.

For all calculations, it is necessary to check whether the important premise of laminar flow in the

bearing clearance gap, in the bearing recess and in the capillary is met. This is checked by determining

© IS0 2016 - All rights reserved 5
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the Reynolds numbers. Furthermore, the portion of the inertia factor in the pressure differences shall
be kept low at the capillary (see A.3.1).

If the boundary conditions defined in Clause 3 are observed, this method of calculation yields results
with deviations which can be neglected for the requirements of practice, in comparison with an exact
calculation by solving the Reynolds differential formula.

5.2 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 ratigis ,’( =1 F'nri—hcnﬂmnrn, the difference is nn]y ade
between the two cases, “load in direction of recess centre” and “load in direction of land centre”. Forkhis
reason, it i no longer mentioned in each individual case that the characteristic values are a function of
the three garameters, “restrictor type”, “ "

restrictor ratio” and “load direction relative to the bearing”.

Even undeif the abovementioned premises, the characteristic value of load carrying capaeity [Formula|(1)]

o L F b -

E'?><D><pen Pen

still depengls on the following parameters:

— numbdr of recesses, Z;

— width/diameter ratio, B/D;

— relative axial land width, L,x/B;

— relative land width in circumferential direction, I./D;
— relative groove width, bg/D;

— relative journal eccentricity, €;

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

g X @
T = T (2)
Plon XV
NOTE The Sommerfeld numiber, So, common with hydrodynamic plain journal bearings can be set up as
follows:
—] 2 *
X '
So = Ll ik N V)
Mg X W= Tg

In ISO 12167-2:2001, Figures 1 and 2, the functions F*(g, i¢) and f(g, m¢) are represented for Z=4, =1,
B/D =1, I,x/B=0,1, 1./D = 0,1, bg/D = 0,05, i.e. restriction by means of capillaries, load in direction of
centre of bearing recess.

These figures show the influence of rotation on the characteristic value of load-carrying capacity and
the attitude angle.

For the calculation of a geometrically similar bearing, it is possible to determine the minimum lubricant
film thickness when values are given, e.g. for F, B, D, pen, w, 1, and np (determination of g according to
5.6, if applicable).

All parameters are given for the determination of F* according to Formula (1) and mf according to
Formula (2). For this geometry, the relevant values for € and f can be taken from ISO 12167-2:2001,
Figures 1 and 2 and thus, hyjn = Cr(1 - €).

6 © IS0 2016 - All rights reserved
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According to the approximation method described in Annex A, it transpires that the characteristic
value of effective load-carrying capacity is no longer a function of the ratio B/D.

*

* F F

F . = = (3)
ff
€ b.xZxb, xP, b_cXZXbax
D nx B
If the resistance ratio
Rlan, ax l ax X bc (4)
Rlan, c Ic x bax
and|the speed dependent parameter
Exkxmexl,
rot D (5)

rot

1+x
is introduced, there remains a dependence on the following parameters:

rot,nom

*

Feff (Z’gDG’K’KroU 8)
If, in addition, advantage is taken of the fact that the furiction F:ff (¢) is nearly linear for € <|0,5, then it
is practically sufficient to know that the function F:ff (8 =0, 4) = f(Z, @G K, Kmt) for the falculation

of the load carrying capacity.

For|Krot = 0, i.e. for the stationary shaft, the-characteristic value of effective load-carrying dapacity for
£ ={,4 only depends on three parameters:

*

Fur (2= 0,4) = £(Z,04.%)

Thys, in ISO 12167-2:2001,-Figure 3, Fe*ffO (s = 0,4) for Z = 4 and 6 can be given via k fdr different

@g yalues.

The influence of the fotational movement on the characteristic value of load-carrying capacjty is taken
*

. : Feff
int@ account byrthe ratio ——— = f(Z,(pG, K, K )
eff,0
Forl/ = 4,the ratio F:ff / Fe*ff, o isshowninISO 12167-2:2001, Figure 4. The hydrodynamically donditioned

increaseof the foad=tarTying capacity cam be easily TecogniZzed WHeTT preserted (T Sucir a manner.

If, e.g. Z and all parameters are given for the determination of F:ff according to Formula (3), k according

to Formula (4) and Kot according to Formula (5), then the minimum lubricant film thickness developing
during operation can be determined.

© IS0 2016 - All rights reserved 7
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After having calculated ¢g, k and Krot, nom, the value for F:ff 0 (g =0, 4) is taken from ISO 12167-2:2001,

Figure 3 and the value for F:ff /F:ffO (s = 0,4) from ISO 12167-2:2001, Figure 4, F:ff is calculated

according to Formula (3) and then the eccentricity is obtained as follows:

0,4 x Fog

*

Feff

*
F

(e

0,4) x Foe o (& =0,4)

eff, 0
and the mi

5.3 Lubi

The charad

It depends
and the rel

himum lubricant film thickness is hpjn = Cr x (1 - €).
ricant flow rate and pumping power

teristic value for the lubricant flow rate is given by
Qxng

R * Pen

ptive frictional pressure iy, or the speed dependent parameter Krot.

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

ax

only slightly on the relative journal eccentricity ¢, the load direction relative to the beaf

(6)

—

ng

(7)

Z B 1
Q*(g :O,S)zQ*(g:O): x2x— B ET
6(1+¢) D I K
D
1 p R 6 x x [
=——(s=0) with & = —% and R = 77]; X
1+&  pd, ) by xCp (1+x)
The flow r¢sistance of the capillaries-according to A.3.2.2 is given by
128 xn  x1
R, 2 (12
p = d4
nxd,
with the n¢n-linear portion (inertia factor)
q- 1,08 y 4xQxp
3p N X lCp xZ
By converting Formula () the lubricant flow rate can be calculated when the parameters ng, Cr, 2dn, f’

B/D, and l,x/B are given.

For optimized bearings, Q* shall be taken from ISO 12167-2:2001, Table 1. The pumping power, without
considering the pump efficiency, is given by

P, =0Q

2 3
*XpenXCR

XPop =€ ;
B

(8)

According to the approximation method, Q* is again determined according to Formula (7), thus it is the
characteristic value of both flow rate and pumping power.

© ISO 2016 - All rights reserved
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5.4 Frictional power

The characteristic value for the frictional power is given by

PexC

*
Ps= 5
ngXU“xBxD
Friction generates in the lands as well as in the recess area. The land area related to the total surface of
the bearing ™ x B x D is given by
L / L \ L L —I

[
Al* a7y 12 |y (TG
AN n | B D B B D

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

* T *

P X Alan

flan —
Vl-sz

and|in the recess area

CR *
£ B =7t><4xh—><(1—Alan).

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

* * 4><C
P  =nxA, X L R, |1 .3 (10)

f lan *
V1-¢ 2 hp Alan

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

% anszBxD
X

f
CR

© IS0 2016 - All rights reserved 9
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5.5 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 5.3 and 5.4, the total power is given by

Pt =

*

2 3
penXCR

N

r,BxszBxD
X
C

*
Pp—i—Pf:Q X
R

With Formulae (8) and (9), this can be written as follows:

tot

Following
an optiona
given by

X

Q

4-><E><F*><ch
D

P
><L1+—f
Pp

an)xCRx

|

h proposal of Vermeulen,[2] the ratio of frictional power to pumping power i$ ihtroduce
parameter and designated with P*. Thus, the characteristic value for the total power lo

Q" (1 + P*)
X
PtOt

Serial calcy
range, P* =

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

The relatiy

FXCOXCR 4><E><F*><1tf
D

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

e frictional pressure in Formula (12) cannot be-chosen freely, as it is linked to the chd

11)

1 as
sis

12)

Fide
fion

sen

power ratip, P*:

p*znf:x‘l-xgx 13)
When P* H/D, €, np/Cr and £ are given,the characteristic value of total power according to Formula [12)
to be minihized remains only a fundtion of Z, I,x/B, I./D and bg/D.
In ISO 12167-2:2001, Figures >-to/12, ptot for P*=2,bg/D =0,05,¢=1, e=0,4 is presented for diffefent
B/D and Z|as a function of-lyx/B, Ic/D and I./B respectively, taking into account the friction in|the
recesses. The land widths,)lax/B and I¢/B[lc/D = (Ic/B) x (B/D)], where the total power is reduced fo a
minimum, fesult from.thése figures.
The optimyim land-widths and the associated values for B/D =1 to 0,3, as well as the numbers of recegses

Z=4to10

obtainted by this, are given in ISO 12167-2:2001, Table 1.

*

With decr

- LIS i | D 1 1 1 1 1 £ . hml h h | - 1L
d51ITg WIULLL, rtOt dIIt ULIUS, tIIe totdl IICcU U1 POWCET HICTE45CS. TOI HIZIT TOLALIOIAl TTCqUCTT

ies

and a given diameter, it may, however, be advantageous to use a plain bearing with smaller bearing 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 [2]. 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 differential formula 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
lax/B =1c/B =0,25.

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

10 © IS0 2016 - All rights reserved
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5.6 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):

ATCp:pen B p: Pen % g
Cp X p Cp X p 1 + 5
and heating in the bearing, again with ¢ = 0, as follows:
p P [ 1 A
ATy =—F—+ L - Ten xL +P*J
Cp X P Cpxpr CpXP 1+¢&
Thys the mean temperature in the capillaries is given by

1
Tep=Ten +EXATCp (14)
and/ the mean temperature in the bearing
1
TB:Ten+ATcp+EXATB (15)
It igassumed for the effective viscosities in the capillaries;and bearing that ncp = n (Tcp) and p1g = n(TB).
If the dependence of the viscosity on temperature is 1ot completely known, the viscosities, fjcp and g,
can|be approximated, following the statement of Reyholds. A precondition is that two viscosiiries, n1 and
n2, pre known at two temperatures, T1 and T, which should be close to the estimated tempperatures,
Tep pnd Tp.
Nep =M1 xexp[—y x(TCp —Tlﬂ; s =n1xexp[—y x(TB _Tlﬂ
(16)
with y = x In UEs
T2 — T1 Uy
If ojnly the viscosity class in.accordance with ISO 3448 is known, then the course of viscosity for
conmmon lubrication oils having a viscosity index of about 100 can be calculated only on the basis of the

nominal viscosity, n49 fdynamic viscosity at 40 °C):

Te

multiplying the kinematic viscosity, n40, based on the viscosity classes, by the density, p. If t
notlexactly known, it can be calculated by approximation with p =900 kg/m3.

11
T +95 135

M40
0,18 x 10'3

M

peratute, T, shall be taken in degrees Celsius (°C). The dynamic viscosity, n4g, is o

N(T)=n,,x€xp| 160 xIn [

(17)

btained by
his value is

Formula (17) is based on the statement of Vogel and empirically determined constants of Cameron and
Rost and was transposed by RodermundI3] to the nominal viscosity at 40 °C.

5.7 Minimum pressure in recesses

With high rotational frequencies and high Kot values according to Formula (5), the pressure in
the recess, pmin, on the no-load side of the plain bearing may decrease to zero. Whereas, the recess

© ISO 2016 - All rights reserved
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pressure, pmax, on the load side may become greater than pep. The minimum recess pressure, as well as
F* depends on several variables. For the ratio applies

P min
Pen

In ISO 12167-2:2001, Figure 13, the minimum relative recess pressure over Krot, nom is shown for Z = 4,
€=0,4,k=1to 2 and two ¢g values.

(Za(PG’ K’Krot)

12 © IS0 2016 - All rights reserved
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Annex A
(normative)

Description of the approximation method for the calculation of

hydrostatic plain journal bearings

A.]I General

The

cas

Rey

A.2

A.2l1 General

Thd
floy

Fundamentals

calculation is based on an approximation method leading to an almost exact xéesalt, egpecially in
es where small lands are provided (e.g. shaft rotating at high speed). In the case of wide
nolds differential formula shall be solved by means of differential formulag:

" lands, the

approximation method assumes laminar flow, free of in€xtia, and uses two basic formylae for the
/s via the lands (see Figures A.1 and A.2).

Key
1 |bearing
2 shaft

Figure A.1 — Pressure flow between parallel plates

© ISO 2016 - 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 formula

ow between parallel plates: (b >> h)

Z—pl)xbxhg’

Pressure fl
p

Q= (
A.2.3 Co

12xnxl

nette formula

Drag flow glue to shaft rotation:

[J x h
2

rther assumptions

essure is constant over the recess area.

bcosity in the bearing and in the restrictors is constant.
nd bearing aperigid, their axes always parallel.

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

the

b calculation of the load effects, it is assumed that the pressure in the recesses spreads u

p to

Q=bx]
A.2.4 Fu
a) The pr
b) Thevi
c) Shaft4
d) For thg

centre
e) For thg

the cer

1tre oI the adjacent lands.

A.3 Calculations

A3.1 Ge

neral

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

14
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e = eccentricity
e=¢e/CR
p = attitude angle
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 has the same direction (see

Figure A.3).

sQQ)

8D

Figure A.3 — Bearing geometry

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

Thd segment, i (i = 1, 2, ... Z), starts at the angle ¢1,; (centre of drainage groove) and ends 4t the angle
@2, (centre of next drainage groove), as shown in Figure A.3. Angles ¢, ¢1,;,and ¢z ; are meapured from
radjus_opposite to eccentricity, e, as shown in Figure A.3.

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

Z 2
2xm (., 1
¢, =a—p x(z—;j

The film thickness, h, changes in the land area according to h = CRr(1 + € x cos ¢).

© IS0 2016 - All rights reserved 15
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A.3.2 Pressures in the recesses

A.3.2.1 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.

A.3.2.2 The lubricant flow rate via preresistance (& = 0) is given by

Q (pen_p)k

VA Rep

where k =1 corresponds to a linear resistance law.

Example of capillary with laminar flow:

WX Xp
Recp=$<2300
ncp

and with negligible portion of the term of inertia g x w2,

k:% corrpsponds to a square-law dependency, e.g. of an orifice, the*flow coefficient of which caf be
regarded als independent of the Reynolds number.

When dim¢nsioning a capillary, the portion of the term of itertia shall be kept low and, if applicablg, be
taken into faccount. According to the theory of Schiller[4k‘the pressure drop necessary to generate|the

velocity, w_v:&, at a properly rounded* inlet (rounding off radius >0,3 x dcp)| is
anxdCp
Apo=2,1px 2 xw?.

2
The flow r¢sistance of the capillaries is_then

P =2
2,16 x —xw
Pen ™ Pi Aplan+Apen:128chpxlcp+ 2

ch: = 4
[ AT N
Z V4 Z 4 p
128 xn ., X1
PP
ch———4x(1+a)
TtxdCp
where 4x0xp

. _
NeTp
A nxdcp chp
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1,08 dop 1,08 4xQxp

and a= X Re on X
2 e

Iep 32 ancpxlcpxn

The portion of the non-linear term, a (inertia factor), has the effect that the exponent k < 1 in the
abovementioned formula 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
Rec}, =1 000 to 1 500 shall not be exceeded.

A.3|2.3 The volume flow from recess i in the axial direction is

P2i~ PG 3 D
Q =2 I h x&x—xd(p
ax,t 12><17B lax 2
P11 Pg
IC + bG
wheére =
e D

h islnot constant due to the shaft eccentricity.
If, for the initial angle 90'171. =@t g Or for the end angle ‘P'z,i =010 and

?y i Py i
3

a; = I h—3d(p: I (1+gcos<p) x do

®1,; R 07

_ " 13 2 P s 3 3 3 2 -2r_-2/_83 A3 03

= ((pz (pl)x +E><8 +(sm(p2—sm(p1)>< g+¢ +Z><g ><(sm ¢, —sin (Pl) ?x sin”¢, —sin¢;
i
thep
C?P’{XD

an,i - 12X77B><Iax

A.3|12.4 When the.wvolume flow rate in the circumferential direction is calculated, a flow between

pargallel plates.with film thicknesses of hen,i =h((p’17ij or hex,i =h((pé’i) is assumed as an
approximation.

In the-circumferential direction, for the volume flow flowing in:

3
X
Ux hen,i bi hen,i

.= X
Geni =B T g,

and by analogy, the following applies to the volume flow flowing out:

3
U x hex,i + pi* hex,i

=} X
Qex" be 2 12><77B><1C

© IS0 2016 - All rights reserved 17
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A.3.2.5 According to Figure A.4, the continuity equation
Qcp,i = an,i +Qex,i _Qen,i'

for recess [ results

in

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

Poiseuille law as follows:

Qcp,i :(pen _pi)/ch

[ax
—

— |

VAR
Qep, i 05a

ax, / aex, i
Figure A.4 — Volumeflows for one recess

If fen’i=1+gxcos ('0/171' and fex7l.=1+sxcos ‘/"2,1‘

2
0=2xntx\N= U
D
* D
Pi=—
pen
0 xExXKxg
Krot = s 5 <= speed dependent parameter
Ben X ¥_3D
where
2x(CpR - -
V= D = relative bearing clearance
RP, ax |l _xb
K= = £ =resistance ratio
Rp,c Ic X Dax
P,ax RP,c XK
Rp o =

2@+K):2@+K)
¢ R _Rep*bax*Ch

Rpo 6X773><Iax

x (1+ k) =restrictor ratio

18
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*
then the pressure p; in the recessiresults from

6K .,
{1 - Tl{t (fex,i B fen,i)}

b; =
3 3
aie Ké (fen,i+fex7ij
1+ +
T 2(1+xk)
2(1+x) — =9
\ ™ /

Thys, the relative pressures in the recesses and all further bearing parameters are determtitjed by:
a) [restrictor ratio, &;

b) [bearing geometry:

— number of recesses, Z,

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

c) |speed dependent parameter, Krot.

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

A.3l3 LoadF, attitude angle p, stiffness c

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

T

7%

Fi=bcX I pic036x§xd5:bePixstin[g—(pG]

T

Figure A.5 — Application of load to one recess

© IS0 2016 - All rights reserved 19
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The directio

(Eiz

n of F;is given by

(pen,i + (pex, i

2

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

Fh zbc

Z

szi xsin((ﬁi +ﬂ)

i=1

i
x Dxsin| — —

Corresponflingly, for the vertical component
n Z
F, =b|. XDXSin(E_(pG)szi xcos((pi +ﬁ)
i=1

where

— 27

4+ Bl=a+—x(i-1
0+ B - (i-1)

The total 1gad is F =

Angle of th

In case of ¥
load-carry
results for

The stiffne

Here, the fi

A3.4 Lu

The total 1
restrictors,

:

Fh+F?

Fn

Fy
ertical load, the attitude angle for each € should be modified in such a way that ¢g = 0. If
ng capacity F is not applied vertically but atan angle ¢f to a perpendicular line, then

e resulting force ¢, = arctan

ss ¢ can generally be defined in different ways.

llowing definition is used:

F

& XCR

bricant flow raté-and pumping power

libricant flowsrate can be calculated on the basis of the sum of the flow rates through

Qcp,i:

_pren_zpi

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

A
)
i=1

Qcp,i -
ch

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

Pumping p

ower,pp =Q x Pen

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

Alan = 2X X [ XD+ 2X Z x| X (B=2X [ 34) = 2X Z X p X [ o5

A;‘af&:%x lax o7 de fq gy lax | _ 5 b6 lax
nxBxD x B D B D B
The shearing stress at the shaft surface is, in general, given by

(ﬁu\ 1 F)p h—i—"
T = — =— X —X — X
”Bkany:h 2 ox h B

As an approximation, the shearing stress 7 is calculated as follows without taking finto gccount the
pressure flow rate.

U

T=—x
n 1B

The result for the land friction is finally given by

P,

f,lan

17><U2>< J' dA

= J- TxUxdA = _—
Cc 1+ & xcosg

Alan Alan
If i is assumed that the lands are uniformly distributed over the periphery, it can be simplified as
follpws:

R

2
nxy % Alan

Cr 4/1_82

Although the depth of recess hp >> h decording to Shinkle and Hornungl3], the friction |due to the
secpndary flow in the recesses shall beiincluded in the calculation for shafts running at high $peed. This
applies especially to wide recesses and small lands.

P flan —

WhEn the flow in the recesses-is-still laminar, i.e.
_ Uxhpxp
ng

then the frictioninthe recesses is calculated as follows:

Rey, <1900

wheére

When Rep > 1 000, then the flow is turbulent and the friction increases correspondingly. In that case,
the preceding formula for t can no longer be used.
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A.3.6 Formulae for dimensioning

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

F
Cr~=
gxc
F
2 _
D" Pen =g
—x
D F
h:}?xa)>< 1
2
B Cr 4x%xp*xnf

22

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=66530ee49b56739171c1aff967856ad0

Annex B

(informative)

1SO0 12167-1:2016(E)

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, b = 0,108 m
Axial land length, I = 0,012 m
Circumferential land length, I. = 0,012 m
Width of drainage groove, bg = 0,006 m
Depth of recess, hp =40 Cr m

Number of recesses, Z = 4

Diameter of capillaries, dep=0,003 25 m
Length of capillaries, /= 1,14 m

Relative bearing elearance, ¥ = 1,5 x 10-3

Radial clearance, Cr = v xg -=90x10°m

.3 Qperational data

[fead-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].

Rotational frequency (speed), N = 16,66 s~1 (w = 104,7 s71)

Inlet temperature, Tep = 45 °C

Feed pressure, pen = 60 bar = 6 x 106 Pa

© ISO 2016 - All rights reserved
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B.1.4 Lubricant data

For 0il ISO

— Volum

— Densit

Exponent,
These data

B.1.5 Te

The frictio
with (§=1

B>
ﬂ
1l

The dynan

T]cp:r

ng=n

VG 46:
T h
°C Pa:s
40 0,041 40
50 0,026 58
60 0,018 07
e specific heat, cp'p = 1,75 x 106 |/m>-K
y, o =900 kg/m3
1 N 1 0,0414
Calculated on the basis of the lubricant data, y =—xIn—=—xIn——%~=0,0443
Ngo 10 0,026'58

are used to calculate the parameters listed in B.1.5 to B.1.18.

mperatures and dynamic viscosities

hal power is not yet known from the first calculation. It is therefore approximated as foll
P*=0).

6
Pen X( 3 J: 6x 10 X( 1 }:17”(
c,xp \1+¢) 1,75x10% \1+1

6
Pen [ 1 ] 6X100 f 1.@yloq17k
6
cpxp \1+8 1,75x10° \141
AT 7

Lt ch :45+1’7:45,85 o€

ATy 1,7
L, TAT , +———=45+17+—=47,55°C
i p 2 2

ic viscosities are.thien given by

40 X EXD [—y 2 (Tcp - 40)} =0,0414 x exp [_0, 0443 x (45,85 - 40)} =0,0319Pa-s

|, % €%p [—y x(Tg - 40)} = 10,0414 x exp [_0,0443 x (47,55 - 40)} =0,0296Pa s

DWS

24
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B.1.6 Flow resistances

128><17Cp><l 128x0,0319x1,14

R, P ><(1+a)=

x (1 + 0,2) =1,594x 101" Ns/m”®
nx0,00325%
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.

4
nxdCp

. 6X77RXIC/DXDx «  6x0,0296x0,1x1x1,43
P,0 — 3 = —
¢3 b /B B l+x

=l =l atal 1.0 AL L
1,070 X 1U INS /111

3
(90x10_6) x 0,9 x 2,43

k is|calculated in B.1.9.
B.1l.7 Restrictor ratio

o Rep _1,5%x 10"
Rpo 1,593 x10'°

=1,0006 ~ 1

B.1{8 Pressure ratio in recesses (¢ = 0)

Pi70: 1 _ 1 0.5
Pen 1+¢ 1+1

B.1,9 Resistance ratio

I xb 2 Ex—
X
(E] BBy, O1X09
[.xb,, D E_ﬂ xI—C 0,635%x0,1
Z D B
B.1{10 Relative friction pressure
Ng X @ 0,029 6 x104,7
= =0,229 6

T[f = =
P, Xy > CHx10°x1,5% x107°

B.1,11 Speed-dépendent parameter

Krat T XK X Tg x%=1><1,416><0,2296x£122=0,0325

Y

According to ISO 12167-2:2001, Figure 4, the speed-dependent parameter in the case of Kot = 0,032 5
and ¢ = 0,4 is negligible (F:ff / Ffo,o ~ 1).

B.1.12 Characteristic values of load carrying capacity and film thicknesses

lc+bg 0,012+ 0,006

According to ISO 12167-2:2001, Figure 3 for £=0,4, k =1,416, P.= ) 012

=0,15,

the result is F:fﬂo =0,357.

It follows from the load-carrying capacity F,
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F 20 000
F* = = = 0,231 and with
Pen XBxD  6x10° x 0,122
D 12
b = “2 (et be) = =912 018-0,076 25 m and
*
ple= —FxmxD o 0231xnx0.12 559,
L (1-0,1)x0,07625 x 4
Y Xhax X Z
B.1.13 Ecgentricity and film thickness
*
0,4 x 0,4x0,31792
°- e ST ixo3sy 00
F dff * XU,
—:— (6 =0,4)x Fogr (e =0,4)
Feff,0
minimum film thickness:
hmin =[(1 —&)x Ccr=(1-0,356)x90 = 58 um
B.1.14 Frictional power
* u lax Ic lax lax _ bg
=X —=XT+Zx—=x|1-2x—=|—-Zx—=x—7=
Alan = { BJ B D}
P ootz o, 0012 () o 00121, 0012 0006 a0,
n | 0,12 12 0,12 0,12 0,12
according to Formula (10):
4xC
P =mx AL, LIk <) B
2 h ¥
1-¢ Y lan
=mx0,391 x ;+i L—1}
/1_0’3562 40 {0,391
=150576
D 12
with U=a)x5=104,7x0’—=6,28 m/s
et 0,029 66,282
P, =P x-B x Bx D = 1,505 76 x x0,12% =281,2 W
Cr 90x107°

B.1.15 Pumping power and lubricant flow rate

According to approximate Formula (7):

_ lax

B k+1_4x09x(1,416+1)

26

)

K 6x2x0,1x1,416
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