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Coefficient of friction variable, (r/c)f
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Flow variable, O/a cN L

Flow ratio Q./0
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Position of minimum film thickness ¢ (")

Maximum film pressure ratio p/pmax
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| Chapter 4

Here y is the desired variable and yx, yi, y1,» and
1,4 are the variable at L/D = o, 1,1/2 and 1/4,
respectively.
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Figure 4.21 Bearing design example.



l Chapter 4

Table 4.3 Tabular data for Example 4.3

Temperature rise, AT (°C)

Average lubricant temperature, T,, (°C)
Average lubricant viscosity, u (Pa s)
Sommerfield number, $

Coefficient of friction variable, (r/c)f
Flow variable, Q/rcNiL

Side flow to total flow ratio, Q/Q

10

0,028
01209
435
0.68

15.90 13.76 1376
4795 46.88 46.88
0.023 0.024 Converged
0.09934 0.1037
28 28
44 4.4
0.72 0.72

4.2.4 Alternative method for the
design of full film hydrodynamic
bearings

An alternative method to using the design charts
of Raimondi and Boyd is to use an approximate
method developed by Reason and Narang
(1982). They defined an approximation for the
pressure variation in a journal bearing given by:

vy L , &sind
2 7 s
1 4 (1+ acos('))3
r= 2T s
2+& | L ) !
1+ — -z
0 [ 4 }{(1 + gcos®)(2 + scosf))}

(4.13)

where ., viscosity (Pas); V, surface velocity (m/s);
r,journal radius (m); ¢, radial clearance (m); L, bear-
ing length (m); z, axial coordinate (m); g, eccen-
tricity variable; 8, circumferential coordinate.

This equation was integrated using an approxi-
mate method and the solution given in terms of
two integrals I and I, the sine and cosine load
integrals, respectively. Both I and I are functions
of the L/D ratio and the eccentricity ratio &. The
values of these integrals are given in Table 4.4
along with the corresponding Sommerfield num-
ber calculated using

S= — (4.14)

6m 12 + I

Knowing values for the integrals I, and I enables
the bearing parameters to be calculated as shown
below.

59



74

Bearings |

Society of Automotive Engineers

T temperature (°C), thrust load (N)
T,,  average temperature (°C)
T,  temperature of the lubricant supply (°C)
T,  temperature of the lubricant leaving the
bearing (°C)
|24 velocity (m/s)
W applied load (N)
x coordinate
X radial factor
y coordinate
Y thrust factor
z coordinate
o coefficient of expansion (K™ 1)
o} position of the minimum film thickness (°),
attitude angle (°)
g eccentricity ratio
T8 viscosity of lubricant (Pa s)
8 circumferential coordinate
8,0 film termination angle (°)
Bpmax  location of the minimum film thickness (°)
® angular velocity (rad/s)
AL change in length (m)
AT  temperature rise (°C)
Worksheet
4.1 Identify appropriate bearings for the following
applications:
(a) A single spool (shaft) gas turbine operating at
12000 rpm with a shaft diameter of 40 mm.
(b) A turbocharger spinning at up to
150000 rpm  with a shaft diameter of
10 mm.
(c) A photocopier roller operating at 150rpm
with a spindle diameter of 10 mm.
(d) A ships propeller shaft operating at
1500 rpm.
42 Which of the bearings in Figure 4.31:
(a) can support axial loads?
(b) can support combined axial and radial loads?
(¢) has the highest load capacity?
(d) has the highest speed capacity?
(e) is the most common?
4.3 A plin surface bearing has been partially speci-

fied to support a load of 2000 N at a rotational
speed of 20rpm. The nominal diameter of the
journal is 50 mm and the length is 50 mm. Select
an appropriate material for the bearing surface.

[ ]

Ly [J

U} (i) (iti)

Figure 4.31 Rolling element bearings.

Steel shaft

Plastic cylinder

Figure 4.32 Copier rollers. Reproduced from IMechE
(1994).

4.4

4.5

The paper feed for a photocopier is controlled by
two rollers which are sprung together with a
force of approximately 20IN. The rollers each
consist of a 20 mm outer diameter plastic cylinder
pressed onto a 10mm diameter steel shaft (see
Figure 4.32). The maximum feed rate for the
copier 1s 30 pages per minute. Select bearings to
support the rollers (after IMechE, 1994).

A full journal bearing has a nominal diameter of
50.0 mm, a bearing length of 25.0 mm and sup-
ports a load of 2500 N when running at the
design speed of 3000 rpm. The radial clearance
has been specified as 0.04 mm. An SAE 10 oil has
been chosen and the lubricant supply system is
capable of delivering the lubricant to the bearing
at 45°C. Using the Raimondi and Boyd design
charts, find the temperature rise of the lubricant,
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4.6

4.7

4.8

4.9

the total lubricant flow rate required, the torque
required to overcome friction and the heat gen-
erated in the bearing.

A full journal bearing has a nominal diameter of
25.0mm and bearing length 25.0 mm. The bear-
ing supports a load of 1450 N and the journal
design speed 1s 2500 rpm. Two radial clearances
are proposed (1) 0.025mm, (ii) 0.015mm. An
SAE 10 oil has been chosen and the lubricant
supply temperature is 50°C. Using the standard
Raimondi and Boyd design charts, find the tem-
perature rise of the lubricant, the lubricant flow
rate, the torque required to overcome friction
and the heat generated in the bearing for both of
the proposed clearances. Determine which clear-
ance, if any, should be selected for the bearing.
A full journal bearing is required for a shaft with
a nominal diameter of 40mm rotating at
1000 rpm. The load on the bearing is 2200 N.
The lubricant supply available uses SAE 20 oil at
an inlet temperature of 60°C. Select appropriate
values for the radial clearance and bearing length
and using the Raimondi and Boyd charts deter-
mine the overall temperature rise in the bearing.
Establish that the selected design lies within the
optimum zone for minimum friction and maxi-
mum load on the minimum film thickness ratio
chart (Figure 4.11).

The proposed design for a full journal bearing,
supporting a load of 1600N and running at
5000 rpm, has a nominal diameter of 40 mm and
bearing length of 20mm. As part of the initial
design, two radial clearances of 50 and 70 pm are
proposed running with SAE 10 oil with a lubri-
cant supply temperature of 60°C. Using the stan-
dard and Boyd design charts
determine the overall lubricant temperature rise,

Raimondi

the total lubricant flow, the friction coefficient
and the minimum film thickness for both of the
proposed radial clearances and give justification
for the selection of one of the clearances for use
in the bearing. As a first guess for the lubricant
temperature rise, AT can be taken as 10°C.

A full film hydrodynamic journal bearing is
required for a shaft supporting a radial load of
7500 N, whilst rotating at 800 rpm. The nominal
diameter of the shaft is 80 mm. Select a suitable
lubricant and appropriate values for the radial
clearance and bearing length. Determine the

4.10

4.11

4.12

4.13

|

overall temperature rise in the bearing and the
flow rate of lubricant required. Establish that the
selected design lies within the optimum zone for
minimum friction and maximum load on the
minimum film thickness ratio chart. The lubri-
cant can be supplied at an inlet temperature of
50°C using an available cooling system.

A full film hydrodynamic journal bearing is
required for a shaft supporting a radial load of
2200 N, whilst rotating at 1000 rpm. The nominal
diameter of the shaft is 40 mm. The lubricant can
be supplied at an inlet temperature of 60°C, using
an available cooling system. Select a suitable lubri-
cant and appropriate values for the radial clearance
and bearing length. Determine the overall tem-
perature rise in the bearing and the flow rate of
lubricant required. Establish that the selected
design lies within the optimum zone for minimum
friction and maximum load on the minimum film
thickness ratio chart.

A full journal bearing has a nominal diameter of
30.0 mm, bearing length 15.0mm. The bearing
supports a load of 1000 N, and the journal design
speed is 6000 rpm. The radial clearance has been
specified as 0.02mm. An SAE 10 oil has been
chosen and the lubricant supply temperature is
50°C. Using the approximate method of Reason
and Narang find the temperature rise of the
lubricant, the lubricant flow rate, the minimum
film thickness, the torque required to overcome
friction and the heat generated in the bearing.
A full journal bearing has a nominal diameter of
80.0 mm, bearing length 60.0 mm. The bearing
supports a load of 7500 N, and the journal design
speed is 800 rpm. The radial clearance has been
specified as 0.05mm. An SAE 30 oil has been
chosen and the lubricant supply temperature is
50°C. Using the approximate method of Reason
and Narang for determining the design and per-
formance of full film hydrodynamic bearings,
find the temperature rise of the lubricant, the
lubricant flow rate, the torque required to over-
come friction, the heat generated in the bearing
and the minimum film thickness.

A full film hydrodynamic journal bearing is
required for a machine tool shaft which supports a
radial load of 5800 N and rotates at 1470 rpm.The
nominal diameter of the shaft is 50 mm. A lubrica-
tion system is available that can supply lubricant
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4.14

4.15

4.16

4.17

with an inlet temperature of 60°C. Select a suit-
able lubricant and appropriate values for the radial
clearance and bearing length. Determine the
overall temperature rise in the bearing and the
flow rate of lubricant required. Establish that the
selected design lies within the optimum zone for
minimum friction and maximum load on the
minimum film thickness ratio chart.

A full journal bearing is required for a shaft with
a nominal diameter of 40mm rotating at
1450 rpm.The load on the bearing is 2100 N.The
lubricant can be supplied at an inlet temperature
of 60°C using an available cooling system. Select
a suitable lubricant and appropriate values for the
radial clearance and bearing length. Determine
the overall temperature rise in the bearing and
the flow rate of lubricant required. Establish that
the selected design lies within the optimum zone
for minimum friction and maximum load on the
minimum film thickness ratio chart.

A design proposal for a full film hydrodynamic
bearing comprises a bearing of nominal diameter
30 mm, length 15 mm using ISOVG 22 lubricant
supplied at 50°C. The bearing load is 1280 N and
the rotational speed is 6000 rpm. The radial clear-
ance for the bearing is 0.022 mm. Use the viscos-
ity chart given in Figure 4.7 and the Raimondi
and Boyd design charts given in Figures 4.11 to
4.14 to determine the lubricant flow rate, lubri-
cant temperature rise and minimum film thick-
ness. The initial guess for the temperature rise
across the bearing can be taken as 30°C. If in place
of ISOVG 22 0il, SAE 10 oil was used in the bear-
ing determine the resulting temperature rise of the
lubricant. Comment on the suitability of the pro-
posed design and justify the selection of either ISO
VG 22 or SAE 10 as a lubricant.

The drive shaft for a combine harvester supports
two pulleys: one transmitting power from the
engine and the other driving the cutter. The loads
on the pulleys both act in the vertical plane as
shown in Figure 4.33. If the diameter of the shaft
is 50mm and the maximum rotational speed is
300 rpm, design suitable hydrodynamic bearings
for the shaft (after IMechE, 1994).

A bearing is required to support a radial load of
3200N for a shaft of 50mm nominal diameter
spinning at 700rpm. The desired life is 10000
hours. Select and specify an appropriate bearing.

4.18

4.19

4.20

4.21

4.22

4.23

424

4.25

A straight cylindrical roller bearing operates
with a load of 14.2kN. The required life is 3800
hours at 925 rpm. What load rating should be
used for selection from a bearing manufacturer’s
catalogue?

A bearing is required for the floating end of a
heavy-duty lathe to carry a radial load of up to
9kN.The shaft diameter is 50 mm and rotates at
3000 rpm. A life of 7500 hours for the bearings is
desired. Select and specify an appropriate bearing.
A bearing is required to support a radial load of
2800N for a shaft of 30 mm nominal diameter
spinning at 750 rpm. The desired life is 10000
hours. From the limited range available in Tables
4.7 to 4.9, select and specify an appropriate bear-
ing, justifying the choice.

A bearing is required to provide axial location
and support a radial load of 940N for a shaft of
17 mm nominal diameter spinning at 570 rpm.
The desired life is 10 years continuous operation.
From the limited range available in Tables 4.7 to
4.9, select and specify an appropriate bearing,
justifying the choice.

A bearing is required to support an equivalent
radial load of 1290 N. The nominal diameter of
the shaft is 25 mm and its design speed is 730 rpm.
The desired life is 2 years continuous operation. If
the bearing should support the load and provide
axial location, then from the limited range avail-
able in Tables 4.7 to 4.9, select and specify an
appropriate bearing, justifying the choice.

A bearing is required to support an equivalent
radial load of 1130 N. The nominal diameter of
the shaft is 20mm and its design speed is
7000 rpm. The desired life is 1 year continuous
operation. If the bearing should support the load
and provide axial location, then from the limited
range available in Tables 4.7 to 4.9, select and
specify, detailing the bore, width and outer diam-
eter an appropriate bearing, justifying the choice.
The bearing for a power transmission arrangement
is required to carry an equivalent radial load of
2.4kN at 3000 rpm.The nominal shaft diameter at
the bearing is 30mm. A life of 8760 hours is
required. Select and specify an appropriate bearing
from the limited range available in Tables 4.7 to 4.9.
The angular contact bearings of a dedicated lathe
spindle are subjected to a cyclic load during a
manufacturing process in an automated plant.
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During the cycle a bearing experiences a radial
load of 95N for 30s at 2500rpm, 75N for 455
at 3500rpm, and 115N at 3100rpm for 15s.
Calculate the mean cubic load which should be
used for 4000 hours life.

The design for a 4km long conveyor system
consist of idler stations located 1m apart. Each
idler station comprises three rollers which rotate
about stationary axles fixed to supports as illus-
trated in Figure 4.34. The outer diameter of the
rollers is 100mm and each roller has a mass of
6 kg. The two end rollers are angled at 30° to the
horizontal. A belt weighing 40kg/m runs over
the rollers at 3m/s. The expected maximum
loading is 3000 tonnes of aggregate per hour
and experience suggests that the central idler
supports approximately 60 per cent of the load.

025m 025m 0.25m
[ |
] Y
Motor
200N
Cutter
1500 N ‘

Figure 4.33 Agricultural machinery drive shaft.
Reproduced from [MechE (1994).

Roller

Belt

i

Select appropriate bearings for the rollers (after
IMechE, 1994).

Answers

43 PV =0.04188MNm~'s™ . Carbon graphite.

4.4 PV =0.0297 MNm~'s~!. Thermoplastic.

45 24.5°C,6525mm?®/s,0.45Nm, 141.1W.

4.6 (i) 15.4°C, 1471 mm’/s,0.08 Nm, 21 W.
(i) 25.9°C, 822 mm?/s, 0.085 N'm, 22 W.

4.7 No unique solution.

48 (i) 17.1°C, 9200 mm’/s, 0.00675, 0.008 mm.
(i) 9.9°C, 13 160 mm>/s, 0.0063, 0.00798 mm.

4.9 No unique solution.

4.10 No unique solution.

4.11 39.3°C, 2264 mm>/s, 6.9 um, 0.13Nm, 83.5 W.

412 19.2°C,7544mm>/s, 1.7 N m, 143 W, 20 pwm.

4.13 No unique solution.

4.14 No unique solution.

4.15 2624 mm®/s, 31°C, 5.3 um, 38.6°C.

4.16 No unique solution.

4.17 NU210E,d = 50mm, D = 90 mm,
B = 20 mm. Grease limit 6300 rpm.

4.18 70.7kN.

4.19 C = 78.2kN. No unique solution.

4.20 NU206E,d = 30mm, D = 62mm,
B = 16mm, C = 38 100 N. Grease limit
9500 rpm.

421 6403,d = 17mm,D = 62mm, B= 17 mm,
C = 23000 N. Grease limit 12 000 rpm.

422 6205,d = 25mm, D = 52mm, B = 15mm,
C = 14050 N. Grease limit 12000 rpm.

423 6404,d = 20mm,D = 72mm, B= 19mm.

4.24 6306,d = 30mm,D = 72mm, B= 19mm.
Grease limit 9000 rpm.

425 89.7N.

426 Deep groove ball bearing. No unique answer.

Figure 4.34 Conveyer belt idler
station. Reproduced from IMechE

(1994).
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