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1.

Design Suggestions

Start design (also analysis) by listing the given parameters
List the required parameters

Write down the relation between required parameters and the
known parameters of AT= ? or S= ?

Use some recommended (suggested) values given in the tables and
figures of P values, c values and PV, values if not given in the
problem or Assume them.

Start with an I/d= unity if geometry of bearing is not fixed then
Increase this ratio if thin film lubrication is likely to occur decrease
this ratio if thick film lubrication or high temperatures are likely to
ocCculr.
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A long bearing (large I/d ratio) reduces the coefficient of friction and side
flow and therefore is desirable where thin-film lubrication is present.

On the other hand, a short bearing results in a greater flow of oil out of
the end and thus keeping the bearing cooler.

Where force — feed or positive lubrication (P.,>0) is present. The I/d ratio
should be relatively small.

If shaft deflection is likely to be severe, a short bearing should be used to
prevent metal-to-metal contact at the ends of the bearing.

Always consider using of a partial bearing if high temperatures are a
problem, become relieving the non-load bearing area of a bearing can
very substantially reduce the heat generated.

Choose bearing material with satisfactory compressive and fatigue
strength while having low melting point and low modulus of elasticity.
(Table 12-3). It should have resistance to wear and corrosion. It should
have low friction coefficient (can be reduced by some design means)
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EXAMPLE 4.4:

A journal bearing has a diameter of 64 mm and length of 32 mm. The
journal is to operate at a speed of 1800 rpm and carry a load of 3500 N. If
SAE 20 oil at an inlet temperature of 44 °C is to be used. What should be
the radial clearance for:

a) Optimum load carrying capacity

b) Minimum friction or power loss condition.

d=64 mm - r=32 mm
=32 mm - |/d= 32/64= 1/2
N= 1800 rpm = 30 rev/s

W_ 3500 N Table 12-3 RECOMMENDED UNIT LOADS FOR SLEEVE BEARINGS
T. = 44°C
I ) Application Unit load, kPa Application Unit load, kPa
SAE 20 ol
Air compressors: Diesel engines: _
c="? Main bearings 1 000- 2 000 Main bearings 6 000-12 000
Crankpin 2 000~ 4 000 Crankpin 8 00015 000
Automotive engines: Wristpin 14 000-15 000
Main bearings 4 000~ 5 000 Electric motors 800- 1 500
Crankpin 10 .000-15 000 Gear reducers 800- 1 500
Centrifugal pumps 600- 1 200 Steam turbines 800- 1 500
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a) For optimum load carrying capacity with |/d = 1/2
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For S=0.35 W 3500

h “orl " 2x3axz 0 Mpa
2 =0.425 ' el
C
r 0
c=0575 For S=0.35 Ef =8.0 & Tvar;31 C
| 1
- Q Q
d 2 rcNI Q
¥
_ 6
ATOC — 830P X C :36.93 OC AT :Tvari:31xll709><lo 235 OC
1—1>< % i 7’ 861x1760
2 Q| reNI

Tave =Tm+%=44+3—26=62 °C — 1 =16x10"° Pa—sec

av

2 r2 N Y2
s=["] N o35 ¢ =| | =0.0268mm=27 um
c) P S P
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ij =80 (p540)(p444)
V

Coefficient-of-friction variable - f{dimensionless)
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% =0.72 (p542)(p446) For $=0.35 For 5 =0.034
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Now from chart Fig. 12.12 pp.
534 (Fig. 12.10 pp. 435)

SAE 20

T,.=62"°C
— 11 =16x10"Pa—sec

T..=248 °C

ave —

— 11 =32%10"° Pa—sec
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b) For minimum friction or power loss: A1 _7 _P 7X1-709><106 ~8 °C
aC, 861x1760

For S=0.034 & %:0.11
r 0
For s=0034  _f=17 & T,=77C
r
L
_83P ' o, I 1
ATOC_ 1 S Q—805 C E—E i:565 & %2094
{1—2 Q} N rcNI Q

AT, =8.05°C (< AT =36.0 °C  basedon Ioad)

T,.=T. +%=44+8'—§5;48 °C —> u=32x10"° Pa—sec

r2 NT? T 322 32x10°x30 "
o= =0 = — | =0.13mm =130 um
S p 0.034 1.709x10

130 um > 27 pm
Cfr > CIoad
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EXAMPLE 4.5:

A sleeve bearing is 100 mm diameter and has I/d ratio of 1/2. It has a
frictional power loss of 100 watts when the load is 3000 N and the journal
speed is 900 rpm for ¢/r=0.002.

a)Compute the minimum film thickness (h,="?)

b)What is the viscosity of the oil and proper grade for an operating
temperature of 71 °C (T,,.=7).

c)What is the temperature increase? Opx =7  Prax =7

max

Solution:
Given:
(;— % d=100mm W =3000N P, =100 watts
N =900 rpm =15 rps ©-0002 ¢=0.002x50=0.1mm
r
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a) The frictional power loss is given by;

><W@=(]c XWXF)X(ZﬂN) Tloss: I:fricxr

P =T
sec
F.. =Wx f

0SS loss

where only f is unknown fric

Ploss 100 =0.00707

:W X I x 27N - 3000x0.05x 27z x15

f
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from this figure S can be determined.

EZL:5OO_>£f:3_535 & L:E; S=0.1
c 0.002 C d 2

Ny =0.21—->h, =0.21xc =0.021 mm h, =21 zm

C

b)

2
S — r @ P=V—V= S000 =0.6 MPa
)P ld  50x100

SP 0.Ix 0.6x10°

N[rjz ~ 15(500)°

=0.016 Pa—sec= 16 mPa —sec

/Ll:

C

For operating temperature of 71 °C (T,,=71).
SAE 30 is the suitable oil to be used.
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1 =0.016 Pa—sec= 16 mPa-sec

107

For operating temperature of
71°C (T ,=71).

ve

SAE 30 is the suitable oil to
be used.

Absolute viscosity (mPa-s)

a

“10 20 30 40 50 60 70 80 a0 100 110 120 130 140
Temperature (*C)
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P

max

=16.5°

max

0.6
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For S=0.1
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Temperature rise varighls
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EXAMPLE 4.6:

A journal which is turned steel and operates in bored and reamed cast
bronze bearing has a diameter of 50 mm and a length of 25 mm.

The speed of journal is 1200 rpm. If SAE 20 oil of an inlet temperature of
45 °C is used for optimum (minimum) power loss.

Determine:

a)The temperature rise of the oll

b)The maximum load that can be supported by this bearing.

c)Total oil flow and the side flow.

d)The coefficient of friction.

e)The maximum oil pressure and its angular location.

f)The terminating position of the oil film.

g) Minimum oil film thickness

Solution:

Turned journal

Bored and reamed cast bronze bearing

d=50 mm =25 mm -2 I/d=1/2

N= 1200 rpm = 20 rps

SAE 200l T,=45°C
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a) From the graph for minimum power loss

For l_l
d 2
%:O.ll and S =0.034
AT, = 8.30 @ X
SRR
2 Q rcNI
For S=0.034
| 1
== Tt-17 & 2 565 &
d 2 C rcNI
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From the graph for minimum power loss
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0.30r; :
Recommended radial clearences /
for cast bronze bearings
e 0.25
£
0.20 .-—/
3 /
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FIGURE 12-27. Recommended radial clearances for cast-bronze bearings. The curves
are identified as follows:

A—precision spindles made of hardened ground steel, running on lapped cast-bronze
bearings (0.2- to 0.8-um rms finish), with a surface velocity less than 3 m/s

B—oprecision spindles made of hardened ground steel, running on lapped cast-bronze
Jbearings (0.2- to 0.4-um rms finish), with a surface velocity more than 3 m/s

C—electric motors, generators, and similar types of machinery using ground journals
in broached or reamed cast-bronze bearings (0.4- to 0.8-um rms finish)

D—general machinery which i iprocates and uscr
cold-rolled steel journals incbored and reamed cast-bronze bcarin@ 0.8- to 1.6-gm rms
finish)

£—rough-service machinery having turned or cold-rolled steel journals operating on

cast-bronze bearings (1.6- to 3.2-um rms finish)
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P

AT =T
Since AT depends on P ; aC
2
and also P depends on u P :Gj %
and u depends on AT T _1 AT

we will use trial & error method for AT °C

let AT =16 °C > T :45+E:53 °C o
ave 2

1 =24x10"° Pa—sec for SEA 20 oil

= 3.525 MPa

Then p_ (50/2)2 24 %107 x 20
0.05 0.034

P 3.525 x10°
[ <

o var =16.6 °C = assumed AT OK
c 1C 861 %1760
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Now from chart Fig. 12.12 pp.
534 (Fig. 12.10 pp. 435)

SAE 20 Oil
T,.=53°C
— 1 =24x10"Pa—sec
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Temperature-rise varighle
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Bearing characteristic number, 5
FIGURE 12-12 Chart for remperature-rise varable T{var) = o AT In plot.
ting this chart it was found that the curves for Ifd = 4, 4, and | were so close together

that they could not be distinguished from a single curve.
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b) W =?,=Px(Ixd)=3.525x10° x(0.025x0.05)
W = 4406 N

0) Q=2 FOr $=0034 9 565 0 _565x25x0.05x20x50 = 3528 mm’ /sec
' 1 rcNI

|
d 2 %=0.94 —>Q, =0.94x3528 = 3317 mm° /sec
D 17 o 12172200034
C 25
&) P _02 5Py =+ =20 _176aMPa G, =12°
P 0.2 02 max
h 6, =34
9)
h =2 2 _011-5h =011x0.05=0.0085 mm  h =55
C
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For S=0.034
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For S =0.034

~ 34° |1

0 ’ a = E max
100 o o 2:’
i = oo l
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For S =0.034
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