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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
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Plain bearings — Hydrodynamic plain thrust pad bearings

under steady-state conditions —

Part 1:
Calculation of thrust pad bearings

thefrange B/L = 0,5 to 2.

The calculation method described in this document can be dged for other incorporated gap
plain thrust bearings with integrated baffle, when for these types the numerical solutions ¢
equiation are known.

The
uni
con
con|

calculation method serves for designing and, optimizing plain thrust bearings e.g. for
s, pumps, turbines, electrical machines, compréssors and machine tools. It is limited to s
ditions, i.e. load and angular speed of all.xfotating parts are constant under continuou
ditions. Dynamic operating conditions.are not included.

2 |Normative references

The following documents are feferred to in the text in such a way that some or all of th
congtitutes requirements of ‘this document. For dated references, only the edition cited 3
undated references, the latest edition of the referenced document (including any amendmen
1S0|3448, Industrial liquid lubricants — ISO viscosity classification

[SO| 12131-2:2016, Plain bearings — Hydrodynamic plain thrust pad bearings under
conflitions — Part 2: Functions for the calculation of thrust pad bearings

[SO|12131=3; Plain bearings — Hydrodynamic plain thrust pad bearings under steady-state cd
Part 37Guide values for the calculation of thrust pad bearings

ion, by the

g surfaces
ea/L=0,75
e varied in

shapes, e.g.
f Reynolds

fans, gear
eady-state
operating

Pir content
pplies. For
[s) applies.

teady-state

nditions —

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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4 Symbols and units

See Table 1 and Figure 1.

Table 1 — Symbols and units

Symbol Designation Unit
A Heat emitting surface of the bearing housing m?
B Width of one pad m
By Axial housing width m
Cp Specific heat capacity of the lubricant (p = constant) J/(kg:

Cived Wedge depth (@V
D Mean sliding diameter (diameter of thrust bearing ring) '\ m
Dy Housing outside diameter Nom
D, Inside diameter of thrust bearing ring . "\J m
D, Outside diameter of thrust bearing ring r\'\ m
f* Characteristic value of friction \%V 1
f5* Characteristic value of friction for thrust pad bearing (}\\ N 1
F Bearing force (nominal load) /\<( - N
F* Characteristic value of load carrying capacity 1
Fg* Characteristic value of load carrying capacity for thruﬂ%d‘bearing 1
F Bearing force (load) under stationary conditions 0,\v N
h Local lubricant film thickness (clearance gap hei‘g‘l@' m
him Minimum permissible lubricant film thicknqs&@ﬁring operation m
Mim o Minimum permissible lubricant film thickness in the transition into mixed m
' lubrication \O
hin Minimum lubricant film thickness‘[\r@q‘imum clearance gap height) m
k Heat transfer coefficient related@)\ﬁle productBx L xZ W/(m?2K)
ky External heat transfer coef‘f\iQ'\e’nt (reference surface A) W/(m?2-K)
Lyed Wedge length ,-O\‘ m
L Length of one pad ir},qhe-(lmferential direction m
M Mixing factor \O)U 1
N Rotational fr;@\wy (speed) of thrust collar sl
p Local lubri@-ﬁt’film pressure Pa
D Specifiehearing load p = F/(B x L x Z) Pa
P Fri@\gl power in the bearing or heat flow rate generated by it w
Diim (A.Iﬁ)\:imum permissible specific bearing load Pa
<
Pty amp | HEAt [TOW Tate To the environment W
Pyt Heat flow rate arising from the frictional power w
P L Heat flow rate in the lubricant W
Q Lubricant flow rate m3/s
Q* Characteristic value of lubricant flow rate 1
Qo Relative lubricant flow rate Qy = B x h;, x Ux Z m3/s
Q4 Lubricant flow rate at the inlet of the clearance gap (circumferential direction) m3/s
Q* Characteristic value of lubricant flow rate at the inlet of the clearance gap 1
Q, Lubricant flow rate at the outlet of the clearance gap (circumferential direction) m3/s
Q*, Characteristic value of lubricant flow rate Q*; — Q*; at the outlet of the clear- 1
ance gap

2 © IS0 2020 - All rights reserved
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Table 1 (continued)
Symbol Designation Unit
Q5 Lubricant flow rate at the sides (perpendicular to circumferential direction) m3/s
Q*3 Characteristic value of lubricant flow rate at the sides 1
Re Reynolds number 1
Re,, Critical Reynolds' number 1
Tomb Ambient temperature °C
Ty Bearing temperature °C
Tt Effective lubricant film temperature °C
Ten Lubricant temperature at the inlet of the bearing °C
Tox Lubricant temperature at the outlet of the bearing °C
Tiim Maximum permissible bearing temperature °C
T, Lubricant temperature at the inlet of the clearance gap °C
T, Lubricant temperature at the outlet of the clearance gap °C
U Sliding velocity relative to mean diameter of bearing ring /s
Wamb Velocity of air surrounding the bearing housing /s
X Coordinate in direction of motion (circumferential direction) m
y Coordinate in direction of lubrication clearance gap-(axial) m
z Coordinate perpendicular to the direction of motien (radial) m
Z Number of pads 1
n Dynamic viscosity of the lubricant Pa-s
Neff Effective dynamic viscosity of the lubridant Pa-s
p Density of the lubricant kp/m3

© IS0 2020 - All rights reserved 3
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min

wed

Y/
Key
1  wedge surface
2 supporting surface
3 thrustcollar
4 lubrication groove
5 thrust bearing ring

Figure 1 — Schematic view of a thrust pad bearing (bearing with incorporated wedge
and supporting surfaces)
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5 Fundamentals, assumptions and premises

The calculation is always carried out with the numerical solutions of Reynolds equation for sliding
surfaces with finite width, taking into account the physically correct boundary conditions for the
generation of pressure.

9 h3a—p +i h38_p =6><11><U><a—h (1)
ox ox | o0z 0z ox

See reference [1] for the derivation of Reynolds equation and reference [2] for the numerical solution.

For|the solution of Formula (1), the following idealizing assumptions and premises axg used, the
relifbility of which has been sufficiently confirmed by experiment and in practicel3l:

a) [the lubricant corresponds to a Newtonian fluid;

b) [all lubricant flows are laminar;

c) |thelubricant adheres completely to the sliding surfaces;

d) |the lubricant is incompressible;

e) |the lubrication clearance gap is completely filled with lubricant;

f) |inertia effects and gravitational and magnetic forces of thedubricant are negligible;

g) |the components forming the lubrication clearance gap-are rigid or their deformation is|negligible;
their surfaces are completely smooth and surface@oughness effects are negligible;

h) [the lubricant film thickness in the radial direction (z-coordinate) is constant;

i) |fluctuations in pressure within the lubrieant film normal to the sliding surfaces (y-coordinate) are
negligible;

j) |there is no motion normal to the sliding surfaces (y-coordinate);
k) |the lubricant is isoviscous over.the entire lubrication clearance gap;

1) |the lubricant is fed in at'the widest lubrication clearance gap; the magnitude of the lubricant feed
pressure is negligible.as-compared to the lubricant film pressures themselves;

m) |the pad shape of thie’sliding surfaces is replaced by rectangles.
Thg boundary cenditions for the solution of Reynolds equation are the following:
1) |the gaugepressure of the lubricant at the feeding pointisp (x=0,z) = 0;

2) |thefeeding of the lubricant is arranged in such a way that it does not interfere with the[generation
afpressure in the lubrication clearance gap;

3) the gauge pressure of the lubricant at the lateral edges of the plain bearingis p (x,z=10,5 b) = 0;
4) the gauge pressure of the lubricantis p (x = L, z) = 0 at the end of the pressure field.

The application of the principle of similarity in hydrodynamic plain bearing theory results in
dimensionless parameters of similarity for such characteristics as load carrying capacity, friction
behaviour and lubricant flow rate.

The use of parameters of similarity reduces the number of necessary numerical solutions of Reynolds
equation which are compiled in ISO 12131-2. In principle, other solutions are also permitted provided
they satisfy the conditions given in this document and have the corresponding numerical accuracy.

© IS0 2020 - All rights reserved 5
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ISO 12131-3, contains guide values according to which the calculation result is to be oriented in order to

ensure the

functioning of the plain bearings.

In special cases, guide values deviating from ISO 12131-3, may be agreed for specific applications.

6 Calculation procedure

6.1 Loading operations

6.1.1 Ge|

Calculatior
parameter
parameter
guide valug

6.1.2 Wqg

Safety aga
lubricant.

Intermitte
with plain
heavy load

TeTal

means the mathematical determination of the correct functioning using opeéxati
(see Figure 2) which can be compared with guide values. Thereby, the, operati
determined under varying operation conditions shall be permissible as compared to
ps. For this purpose, all continuous operating conditions shall be investigated;

J
J

bar
nst wear is given if complete separation of the mating bearing parts is achieved by

ht operation in the mixed lubrication regime, such as startingap and running down mach
bearings, is unavoidable but can result in bearing damage’if frequent. When subjecte
an auxiliary hydrostatic arrangement may be necessary for starting up or running d

at a low speed. Running-in and adaptive wear to compensaté or surface geometry deviations f

the ideal g
overload e
influenced
design, we

6.1.3 Mg

The limits
deformatig

hr can lead to a rapid decrease in the load carrying capacity.

chanical loading

n is permissible as long as itdoes not impair correct functioning of the plain bearing.

6.1.4 Thermal loading

The limits
from the v

6.1.5 Ou

Calculatior
known for

pf thermal loading Pesult not only from the thermal stability of the bearing material but
scosity-temperdture relationship and the ageing tendency of the lubricant.

tside influences

of carrect functioning of plain bearings presupposes that the operating conditions
all*cases of continuous operation. In practice, however, additional disturbing influe

frequently

!

bometry are permissible as long as these are limitéd in time and locality and occur witk
[fects. In certain cases, a specific running-in precedure may be beneficial. This can als¢ be
by the selection of the material. Attention is dkawn to the fact that in the case of this bear

nal
nal
the

the

[lontinuous operation in the mixed lubrication range results in premature loss of functionfing.

nes
1 to
pWN
fom
out

—

ng

of mechanical loading are given By the strength of the bearing material. Slight permanent

hlso

are
ces

occur which are unknown at the design stage and cannot always be computed. Therefore)the

application of an appropriate safety margin between the operational parameters and the permissible
guide values is recommended. Disturbing influences are, e.g.:

Informatio

spurious forces (out-of-balance, vibrations, etc.);
deviations from the ideal geometry (machining tolerances, deviations during assembly, etc.);
lubricants contaminated by solid, liquid and gaseous foreign matters;

corrosion, electric erosion, etc.

n as to further influence factors is given in 6.8.

© IS0 2020 - All rights reserved
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The applicability of this document for which laminar flow in the lubrication clearance gap is a necessary

condition, is to be checked by the Reynolds' number:

pxUxh_.
Re= —hmm <Re_. (2)
Test
| Start of calculation |
Input of dimensions and operational data:
E Fst’ IV' DO’ L’ Iwed’ Cwed' Z’ A’ k’ Tamb’Ten ’Tex
LUbTicant ddta. plim' 1 lim'nlim’ Kecr’ 1 B,0’ 1 eff, 07 nmin/("wed
[ DB, URe |
Operational parameter no New
P<p,, dimensiorjing
l yes
. . . By recirculating
By convection (a) Designated type of cooling lubrication ()
|
Y
Te f, 0 |
New - New
temperature Variable parametefs; temperaturd
T nef(’ FB* ’ hmin /Cwed’ hmin ’fB* 4 K*' Pf T
B,0 eff, 0
no Tno
yes Cooling by no Q, Q% Q,%0,* T T
Ty 1% Ty T convection? (a) AT, AT, AT, [ off =~ "eff,0
yes yes
Operational parameter no Coolingby  |ng | New
Ty, T,<T,, convection? (a) dimensiohing
l yes lyes
N Neyv . no Operatlhona<l garameter Is cooling by
mensioning lim — _ min recirculating |no New
l yes lubrication also [~ ~| dimensiohing
ISO 12131% no Variable parameters: possible? (b)
not applicable Re<Re_
lyes
l yes
Provide for
| Results of calculation | cooling by
l recirclating
| End of calculation | lubrication (b)

Figure 2 — Scheme of calculation (flow chart)

For wedge-shaped gaps with h,; /C,.q = 0,8 a critical Reynolds' number of Re.. = 600 can be assumed

as guide value according to [4].

© IS0 2020 - All rights reserved
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Starting from the known bearing dimensions and operating data the plain bearing calculation

comprises:

These sha

the relationship between load carrying capacity and lubricant film thickness;
the frictional power;
the lubricant flow rate;

the heat balance.

] he infprdpppndpnf The solution is obtained using an jterative method_ the sequenc

which is su

For optimi
calculation

6.2 Load carrying capacity

The param

capacity FT:

*

mmarized in the calculation flow chartin Figure 2.

yation of individual parameters, parameter variation can be performed; modification of]
sequence is possible.

eter for the load carrying capacity is the dimensionless characteristicwalue of load carry

2
FXhmin

F*=
U

Firstly, the
in Formulg
the effectiy

[5] is modified as follows to be the characteristic value of load carrying capacity for the calculati

thrust pad

reference |

" is a fynction of f(h_, /C

KMo X PXBXZ

minimum lubricant film thickness h_;,
(3). In order to avoid a double iteration via the minimum lubricant film thickness h;,
e bearing temperature T, the characteristic value of load carrying capacity F* accordi

bearings:

jz

wed

A
&

in
Wed;B/L) explained in ISO 12131-2 on the basis of the finding
b]. Approximate functions.are also given there.

&

°2)

e of

the

ring

(3)

as well as theeffective viscosity ngare still unkngwn
and

to
of

(4)

in
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6.3 Frictional power

The losses due to friction in a hydrodynamic plain thrust bearing are given by the characteristic value
of friction f* which is defined as follows:

U~ XN e XBXLXZ

The characteristic value of friction f* defined by Formula (5) is also modified as follows to be the
characteristic value of friction for thrust pad bearings f]; according to reference [5]:

fy=f el 6
hmin

Thys the frictional power is calculated by using Formula (7)

. U2XT) ¢ XBXLXZ
P =fgx eC (7)

wed

The characteristic value of friction for thrust pad bearings f]; defined by Formula (6) can be taken

frogn ISO 12131-2 as a function of the film thickness ratio h;,/C,,.q and of the ratio B/L andl with this,
thelfrictional power loss F; can be calculated.

6.4 Lubricant flow rate

The lubricant fed to the bearing forms a solid lubricant film separating the sliding surfaces. At the same
timg, the lubricant has the task to dissipate the frictional heat developing in the bearing. See|Figure 3.

QAZT, Q,/%T,

Key
1 |wedge surface

2 supporting surface
Figure 3 — Schematic view of the lubricant balance and heat balance of one pad

Due to the rotational motion of the thrust collar, the lubricant is carried, with increasing pressure, in
the direction of the converging clearance gap. Thereby part of the lubricant is forced out at the sides of
each pad. It is assumed that the lateral portions approximately have the same size.

© IS0 2020 - All rights reserved 9
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In Figure 3 the relationship of @4, @, and Q5 are defined by Formula (8).

Q1=0Q2+0Q; (8)
with

Q=0Q1xQ 9)

Q3=0Q"3xQp (10)

Qy=0Q4-0Q3 (11)

Qo=BfhpnxUxZ 12)
The relatiye values of Q*; = Q,/Q, and Q"5 = Q3/Q, can be taken from ISO 1213432 as a functiop of

the geome
Approxima

try (B/L and [,.q/L = 0,75) and the arising relative lubricant film thickness h; /0
te functions are also given there.

It is assumjed that the lubricant forced out at the sides of the pads, @3, hasthe temperature (T; + T

and the lul
6.5 Hea

6.5.1 Ge
The therm

The heat fl
housing to
one of the
neglecting

a) With

enviro

Pg= Py,

b) With g

via the

P¢= Py,

ricant forced out at the ends, Q,, has the temperature T,.
I balance

neral
h] condition of the plain bearing results fromsthe heat balance.

bw rate Py, ¢arising from the frictional power P;in the bearing is dissipated via the bea
the environment and via the lubricant &merging from the bearing. In practical applicati
two kinds of heat dissipation ispfedominant. Additional safety is given to the desigr
the other kind of heat dissipation./The following assumptions can be made.

ressureless lubricated bedrings (self-lubrication, natural cooling) heat dissipation to
ment mostly takes plage'by convection:

amb

ressure-lubricated bearings (recirculating lubrication) heat dissipation mostly takes p
lubricant (recooling):

L

fwed:

)/2

[ing
hns,
by

the

ace

Examples (

f calculation are described in Annex A

6.5.2 Heatdissipation by convection

Heat dissipation by convection [6.5.1 a)] takes place by thermal conduction and lubricant recirculation
in the bearing housing and subsequently by radiation and convection from the surface of the housing

10
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to the environment. According to [7] the complex processes during the heat dissipation can be
summarized as follows:

Pth, amb = kA x A x (TB - Tamb)

with

ky=15 W/(m? x K) to 20 W/(m? x K)

(13)

or when the bearing housing is subjected to an air-flow at a velocity of w,,, > 1,2 m/s, the factor k, is

defi

wh
NOT
cony
the

Thd
For|

Thy

Int

If tH
can

for

for

ned by Formula (14).

ky=7+12\w, .

bre w,,1, is expressed in m/s and k, in W/(m? x K).

E Thereby, the factor k, accounts for the thermal conduction in the bearing housing as wq
yection and radiation from the bearing housing to the environment. That part of the frictional he
bearing, which is dissipated via the shaft, is neglected here due to its verysmall amount in most

(14)

1l as for the
at arising in
ases.

©IS

effective bearing temperature is obtained by equating Py from Formula (7) and Py ., from

mula (13) and substituting Formula (15).
k,xA
k=—A2""_ (15)
BXLXZ
s, the effective bearing temperature is obtained'as Formula (16).
U%xn
Too=fix— < T (16)
ff — /B b

€ kXCpeq
his case, the bearing temperature is
TB = Teff (17)
e heat-emitting surfaece A of the bearing housing is not known exactly, Formula (18) or Fqrmula (19)
be substituted as an-approximation:
cylindrical housings
A=2X%><DI?[+TC><DH><BH (18)
bearings in the machine structure
A=(15t020)xBxLxZ (19)
02020 - All rights reserved 11
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6.5.3 Heatdissipation by recirculating lubrication

In case of recirculating lubrication, heat dissipation takes place via the lubricant [6.5.1 b)]. The heat
flow rate in the lubricant Py, | is defined by Formula (20).

Pin, = p x Cp x Q x (Tey

- Ten)

For mineral lubricants, the volume specific heat capacity amounts to

pxCp=

1,8 x 106 J/(m3-K)

(20)

Mixing processes in the lubrication recess.

Since a thrjist pad bearing consists of a certain number of separate pads it is necessary to,consider

only the |

and thus th
Q, (accord
temperatu
lubricant w

When dete

AT, =1
an empirig
problem hz
A mixing f

experience

AT,

ricant flow rate of one single pad but also the lubricant flow rate of the complete bea
le mutual influence of the lubricant flow rate. The lubricant forced out at the"end of the p
ng to Figure 3) is mixed with newly fed lubricant in the following oil recéss,'i.e. the lubri
Fe T; at the inlet of the lubrication clearance gap is higher by AT; than that of the newly
rith temperature T, (see Figure 4).

rmining the temperature difference by using Formula (21),
- T

1 en

s not yet led to satisfying results.

hctor M can be introduced by using Formulatf22) in order to achieve conformity with
gathered up to now (see [5]):

% &

1

for Q= Q52

XAT, = ; XA
IXQ+(1-M)xQ, MXQ" +(1=M)xQ,

nd Q* = Q*; respectively.

al factor shall be introduced because a purely théeretical consideration of this mix

not
ing
ads
ant
fed

21)

—-

ng

the

22)

12
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Key

X |length of lubrication clearance gap

Y |temperature

Y
TZ
Teff / :
Tl
e
<
TE]’I

Figure 4 — Graphical representation of the temperature distribution in the lubricgnt film
To ¢xplain the mixing factor we shall examine at the-limiting values. A mixing factor M = 0 means that
lubrication

there is no mixing in the lubrication recesses, i.e; the lubricant flow rate Q, forced out of the

cledrance gaps completely enters the following lubrication clearance gap. With this assumption a high

lubricant flow rate Q would be ineffective asthe largest part of this newly fed lubricant would

flow out of

the|lubrication recesses in a radial direction without influencing the operational parameterf. A mixing

facior M = 1 means “complete” mixing.itrthe lubrication precesses. 0,4 < M < 0,6 can be introc

em

The

of heating

By e¢xperierice the value for AT is chosen in the range of 10 K to 30 K.

AT =T, -T,,

irical value. It is a function of the-design and cannot be definitely indicated.

luced as an

total amount of lubricantta'be fed to the thrust bearing can be determined from a giyen amount

Q i Q" xQ
= = X
¢, X pXAT 0

©IS

02020 - All rights reserved
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(24)
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The temperature rise of lubricant is defined as follows:

With Formula (25), the heat flow rate can be written as follows:

Py =Cpxpx(Q;+0,5x%Q3) x AT, (26)

The following relationship is the product of Formulae (24) and (26) for the temperature rise in the
lubrication clearance gap:

AT, = AT xQ _ ATxQ 27)

D, +0,5xQ; Q] —0,5xQ5

« |AT,
with AT" ={—L the effective bearing temperature can be determined as follows:
2
=T, + AT, + 0,5 x AT, =T, + (AT" + 0,5) x AT, 28)
The bearinlg temperature is in this case
Tg=T)=T,, + AT, + AT, =T, + (AT  + 1) x AT, 29)

The permipsibility of the values calculated for Ty and T, in atsordance with 6.5.1 and 6.5.2 shal| be
checked by comparison with the guide values T);, in accordafice with ISO 12131-3.

6.6 Minimum lubricant film thickness and spegific bearing load

After calcylation of the thermal steady-state condition, the minimum lubricant film thickness h_;,|can

be calculatied using the characteristic value of lead carrying capacity Fg*.

min

The permifsibility of this value for h in

accordancg with ISO 12131-3.

min Shall be checked by comparison with the guide value hj;

The permissibility of the specific hearing load

_ F
- 30
P pixz )

shall be ch¢cked by comparison with the guide values p;;, . in accordance with [SO 12131-3.

6.7 Operatingwconditions

If the plain bearing is to be operated under variable operating conditions over a longer period of time,
then those operating conditions under Wiich p, 1, and 1 g are most unfavourabie strati be checked.

First it shall be decided whether the bearing can be lubricated without pressure and whether heat
dissipation by convection only is sufficient. For this purpose, the most unfavourable thermal case has to
be investigated which, as a rule, corresponds to an operating condition at high rotational frequency and
simultaneous high load. If, at pure convection, excessive bearing temperatures arise which even by
increasing the dimensions of the bearing or of the surface area of the housing within the given range
cannot be lowered to permissible values, then recirculating lubrication and oil recooling are necessary.

If an operating condition with high thermal loading (low dynamic lubricant viscosity) is followed directly
by one with high specific bearing load and low rotational frequency, then this new operating condition
should be investigated while maintaining the thermal condition of the preceding operating point.

14 © IS0 2020 - All rights reserved
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The transition into mixed lubrication takes place when the roughness peaks of thrust collar and bearing

are
not

6.8

in contact according to the criterion for hy;,  in ISO 12131-3, and when possible deformation has
been taken into account.

Further influence factors

The dynamic viscosity is strongly dependent on temperature. It is thus necessary to know the
temperature dependence of the lubricant and its specification according to ISO 3448.

The effective dynamic viscosity 7. is determined at the effective lubricant film temperature T, i.e.,

Neff
n(T

The
stat

neg

In
irre
cled
are

lts £ i the t t T a7 d t £ i the d i i iti
reclil s irom Q‘Iﬁr‘ﬂglng fal nmpnrﬂ nres T an va an no rom avpraglng fa} ynamw‘ VISCOSItleS

) and n(T).

dynamic viscosity is also pressure-dependent but to a smaller degree. For bearings ungler steady-
e conditions and the usual specific bearing loads p, the pressure dependence ‘can, however, be

lected. This provides an additional factor of safety for the design.

tase of non-Newtonian lubricants (intrinsically viscous oils, multisxange oils), revqrsible and
versible fluctuations of viscosity occur as a function of the shearing stress in the Jubrication
rance gap and of the service life. In [8], these effects are investigdted for a few lubricanfs only and
not considered in this document.

© IS0 2020 - All rights reserved 15
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Annex A
(informative)

Examples of calculation

A.1 Exa nle: Thrust nad bhearing for low load and low fre
. mpie—Rrustpaavedi-ing1or10w1646341a10 e

To be checked is a thrust pad bearing for axial fans with the dimensions D; = 0,28 m, D, = 0,34!m and
B = 0,03 mwhich is operated under a load F = 20 000 N at a rotational frequency of 10 s~1.

It is assumpd that this operating condition is the critical condition for the heat balance.
The bearinlg housing surface area, A = 1,25 m2.

The oil is qupplied via the inside diameter D;. The lubricant used shall be an-6il'ISO VG 68. It shalll be
checked whether heat dissipation by convection only is sufficient. The lubricant has the temperafure
dependence shown in Table A.1.

The ambignt temperature shall be T, = 20 °C, the maximum.permissible bearing temperafure
Tiim =90 °C.

If T);,, is gxceeded, recirculating lubrication with external recooling of oil shall be provided. ]t is
assumed in} this case that the lubricant is fed to the bearingwith an oil inlet temperature T, = 40 °(.

Dimensions and operational data

Bearirg force at nominal rotational frequency: F=20000N
Bearirg force under stationary conditions: F.=0

Thrusg collar rotational frequency: N=10s71

Outside diameter of thrust bearing ring: D,=340x10"3m
Inside|diameter of thrustbearing ring: D;=280x103m
Length of one pad: L=30x103m
LengtI of one wedge: [yeq =22,5%x1073m
Wedg¢ depth: Cyeq = 0,05x 1073 m
Numbegrof pads: Z=24
Heat-emitting surface of the bearing housing: A=1,25m?
External heat transfer coefficient: k, =20 W/(m?2K)
Ambient temperature: Tymp = 20°C
Lubricant inlet temperature with recirculating lubrication: T.,=40°C
Lubricant outlet temperature with recirculating lubrication: ~ T,,=50°C

16 © IS0 2020 - All rights reserved
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Limiting values according to [SO 12131-3:

Pre

Cal

The
foll

Maximum permissible specific bearing load: Pjin =5 106 Pa
Maximum permissible bearing temperature: Tyim =90 °C

Minimum permissible lubricant film thickness: hyi = 20 x 1076 m
Lubricant: 0il ISO VG 68

Density of the lubricant: p =900 kg/m3

Volume specific heat capacity of the lubricant: Cp x p =1,8 x 106 | f(m?
Critical Reynolds' number: Re..= 600

Table A.1 — Temperature dependence of viscosity for ISO VG 68

Tegt Mefr (Tetr)

°C Pa's

40 0,061

50 0,038

60 0,025

70 0,017

80 0,013

90 0,009 5

liminary assumptions

Bearing temperature: Tg =80°C
Effective lubricant film temperature: Togr 0 =80°C
Relative minimum lubricant{film thickness: hmin/Cweq = 0,8

fulation by means of the flow chart in accordance with Figure 2

sliding diameter (mean diameter of the bearing ring) D and the pad width B are ca
DWS:

D +D.
D= 02 £=310%x103 m

Di—-D

B= 02 L =30x103m

with Cyeq = 0,05 x 1073 m it follows that h,;,, = 40 x 1076 m

andU=mxDxN=mx310x 1073 x 10 =9,74 m/s.

Che

ck for permissible specific bearing load in accordance with Formula (30):

_ 2
p= 0000 =0,93x10°Pa
30103 x30x1073x24

The specific bearing load is permissible as

p=0,93x10°Pa<5x10°Pa (seeISO 12131-3).

© IS0 2020 - All rights reserved
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Heat dissipation by convection

First step:

Assumed b

Effective dynamic viscosity of the lubricant at

Nefr= 0,

Characteri

earing temperature T o = Toee = 80 °C.
T, =80 °C from the input data:

013 Pa's

(4):

ticvalue of'load carrving capacitv for pad thrust bearing FB in accordance with Formula

20000x0,052x10°©

In accorda

and thus h};,

In accorda

To check the assumed bearing temperature Ty (, Ty ; is determined in ag¢ordance with Formula

using Forn

=0,609
74x0,013%x30%2x1070x30x103%x24

nce with Figure 1 in ISO 12131-2:2016, we find for F]; = 0,609, the value h;,/Ceq
=0,369 x 0,05 x 1073 =18,4x 10~ m

=0,

nce with Figure 2 in ISO 12131-2:2016, we find for h wed = 0,369 the value fB = 2.

mlIl/

ula (15):
20x1,25

=1157,4W/(m? K)

103%x30%x1073x24

2
2,0x9,747x0,013 2 6°C

As Tg ;1 <

required that: ITg -

Second ste

Improved 4

Tg o= 0,5 x (80 + 62,6) = 71,3 T

Negr =0

1157,4x0,05x10°3

g o and the difference between Ty , and Ty 4 is not yet sufficiently small (e.g. it car
Tg 11 < 2 K), the assumed hearing temperature Ty, o =80 °Cshall be corrected

p:

issumption of the bearing temperature:

016 7 Pa-s

20000%0,05%x107°

hmin/Cwed

¥ 0,415 in accordance with Figure 1 in ISO 12131-2:2016 and thus h,;,

=0,474
74x0,0367x30%x107°%x30x1073 x24

=20,8x 1076 m

369

16)

be

fa

1,79x9,74% x0,016 7

= 1,79 according to Figure 2 in [SO 12131-2:2016.

B 1~

+20=69,0°C
1157,4x0,05%x1073

As the difference between Ty ; and Ty 4 is not yet sufficiently small, the assumed bearing temperature
shall be corrected again.

Third step:

Improved assumption of the bearing temperature:

Tp o=70,2°C

18
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Nesr = 0,017 3 Pas

* 20000x0,05%x107°

Fy= =0,458
9,74x%0,017 3x30%2x107°x30x103x 24

Pin/Cuwed = 0,426 in accordance with Figure 1 in ISO 12131-2:2016 and thus h,;, = 21,3 x 1076 m.
fg = 1,73 in accordance with Figure 2 in [SO 12131-2:2016

_1,73x9,74*x0,017 3
1157,4%0,05x1073

T5 1 F20=69,1°C

In the third step, the difference between the assumed effective bearing temperafure Ty , and the
effeictive bearing temperature Ty 4 is less than 2 °C.

The effective bearing temperature Ty ; has thus now been calculated with suffieient accuragy.

As |n this case the effective bearing temperature in accordance with-Formula (17) is equal to the
beafing temperature, it is compared with the limiting value Ty; ,;:

Tg 1= Ter < Thim

As Tg 1 < T}y, the bearing temperature is permissible.

As Rin > hyjy the minimum lubricant film thickness is permissible.

m

Check for laminar flow in accordance with Formula{(2) with the effective viscosity and the determined
mirfimum lubricant film thickness h_;,:

900%9,74%x21,3x107°
Re=

=10,8
0,0173

Re = 10,8 < Re,, = 600

For|the calculated condition,\the flow is laminar. That means that this document is applicable to this
cas¢. The frictional power results from Formula (7):

9,742 x0,017 3x30x1073x30x1073x 24

0 0521073 =1,23x103 W
,05%x10~

Pf=1,73><

A.2 Example: Thrust pad bearing for high load and high frequency

To be-checked is a thrust pad bearing for axial fans with the dimensions D; = 0,28 m, D, = 9,34 m and
. e e . . o1

It is assumed that this operating condition is the critical condition for the heat balance.
The bearing housing surface area, A = 1,25 m2.

The oil is supplied via the inside diameter D;. The lubricant used shall be an oil ISO VG 46. It shall be
checked whether heat dissipation by convection only is sufficient. The lubricant has the temperature
dependence shown in Table A.2.

The ambient temperature shall be T, , = 20 °C, the maximum permissible bearing temperature
Tim =90 °C.

If Ty, is exceeded, recirculating lubrication with external recooling of oil shall be provided. In this case
itis assumed that the lubricant is fed to the bearing with an oil inlet temperature T, = 40 °C.
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Dimensions and operating data

Bearin

Bearin

g force at nominal rotational frequency:

g force under stationary conditions:

Thrust collar rotational frequency:

Outside diameter of thrust bearing ring:

Inside

diameter of thrustbearing ring:

F=40000N
F=0
N=16,67s71

D,=340x10"3m

D; =280 x 103 m

Length
Length
Wedge
Numbé
Heat-e
Extern
Ambie
Lubric

Lubric

Limiting v3

Maxim
Maxin
Minim
Lubric
Densit]

Volum

of one pad:

of one wedge surface:

depth:

br of pads:

hitting surface of the bearing housing:
al heat transfer coefficient:

ht temperature:

hnt inlet temperature with recirculating lubrication:

1lues in accordance with ISO 12131-3
um permissible specific bearing load;
um permissible bearing temperature:
Lm permissible lubricant filmthickness:
Ant:

 of the lubricant:

e specific heat'capacity of the lubricant:

Criticall Reynolds! number:

hnt outlet temperature with recirculating lubrication:

Table A.2 — Temperature dependence of viscosity for ISO VG 46

L=30x10"3m
I

W

ed = 22,5x1073 m
C

Wi

ed = 0,055 x 1078,m
Z=24

A=1,254m7

k= 20 W/(m2K)

T

Y L =20°C
T, =40°C

T, =52°C

Dy, =5 x 106 Pa

Tji = 90 °C

hyj =20 x 106 m

0il ISO VG 46

p =900 kg/m3

Cp x p=1,8x10°]/(m3K)
Re,, = 600

Lo Nett Ueff)
°C Pa's
40 0,041
50 0,027
60 0,018
70 0,013
80 0,009 5
90 0,007 3
100 0,0057

Preliminary assumptions

20
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