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Friction of Pivot and Collar Bearing

The rotating shafts are frequently subjected to axial thrust. The bearing surfaces
such as pivot and collar bearings are used to take this axial thrust of the rotating
shaft. The propeller shafts of ships, the shafts of steam turbines, and vertical
machine shafts are examples of shafts which carry an axial thrust. The bearing
surfaces placed at the end of a shaft to take the axial thrust are known as pivots.
The pivot may have a flat surface or conical surface as shown in Figure a and
Figure b respectively. When the cone is truncated, it is then known as truncated

or trapezoidal pivot as shown in Figure c.
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%

Truncated pivot.

The collar may have flat bearing surface or conical bearing surface, but the flat
surface is most commonly used. There may be a single collar, as shown in Figure

or several collars along the length of a shaft, as shown in Figure in order to reduce
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the intensity of pressure.
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RN/

Multiple flat
collar.

In modern practice, ball and roller thrust bearings are used when power is being
transmitted and when thrusts are large as in case of propeller shafts of ships.

A little consideration will show that in a new bearing, the contact between the
shaft and bearing may be good over the whole surface. In other words, we can
say that the pressure over the rubbing surfaces is uniformly distributed. But when
the bearing becomes old, all parts of the rubbing surface will not move with the
same velocity, because the velocity of rubbing surface increases with the distance
from the axis of the bearing. This means that wear may be different at different
radii and this causes to alter the distribution of pressure. Hence, in the study of
friction of bearings, it is assumed that

1. The pressure is uniformly distributed throughout the bearing surface, and

2. The wear is uniform throughout the bearing surface.
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Flat Pivot Bearing

When a vertical shaft rotates in a flat pivot bearing (known as foot step
bearing), as shown in Figure below .The sliding friction will be along the
surface of contact between the shaft and the bearing. Let W = Load transmitted
over the bearing surface, R = Radius of bearing surface, p = Intensity of
pressure per unit area of bearing surface between rubbing surfaces,

Coefficient of friction.

Flat pivot
< bearing

Flat pivot or footstep
bearing.

We will consider the following two cases :
1. When there is a uniform pressure ; and

2. When there is a uniform wear.

When there is a uniform pressure
Consider a ring of radius r and thickness dr of the bearing area. .. Area of

bearing surface, A = 2ar.dr Load transmitted to the ring, SW =p X A=px 2
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r.dr...(i)

Frictional resistance to sliding on the ring acting tangentially at radius r,
Fr=p.0W=pupx2nr.dr=2n p.p.r.dr

Frictional torque onthering, Tr=Frxr=2gpuprdrxr=2gupr2dr..(ii)
Integrating this equation within the limits from 0 to R for the total frictional

torque on the pivot bearing. Collar bearing.

R R
. Total frictional torque, 7' = J- ZTmpr2 dr = 27tup'|. ¥ dr
0 0

, R 3

= 2nup[i] =2MUp X — = %x nu.p.R?
31 3 3

:gxnux 7><R3:g><u.W.R -.-p:W
TR" 3 R’
When the shaft rotates at @ rad/s, then power lost in friction,
P =T.0o=Tx2nN/60 (o @=2nN/60)
where N = Speed of shaft in r.p.m.

2. Considering uniform wear

The rate of wear depends upon the intensity of pressure (p) and the velocity of
rubbing surfaces (v). It is assumed that the rate of wear is proportional to the
product of intensity of pressure and the velocity of rubbing surfaces (i.e. p.v..).
Since the velocity of rubbing surfaces increases with the distance (i.e. radius r)
from the axis of the bearing, therefore for uniform wear.

p.r = C (a constant) or p = C/r and the load transmitted to the ring, W = p x

2nr.dr ...[From equation (1)
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.. Total load transmitted to the bearing
T 4
W= 2n Cdr=2nC[J§ =2rCR or C=——
A 21R
We know that frictional torque acting on the ring,
€
T,,:Znuprz a’r:27m><£><r2 dr ( p=—)
#
= 2% w.Cir dr

.. Total frictional torque on the bearing,
R

: 2
T=[2npCrdr= 2n;,L.C|:L]
0 2 0

D

=2rn.C X R? =RULCR

2

=EMXM%XR2=%XH-W-R ( C:%)
Problem
A vertical shaft 150 mm in diameter rotating at 100 r.p.m. rests on a flat end
footstep bearing. The shaft carries a vertical load of 20 kN. Assuming uniform
pressure distribution and coefficient of friction equal to 0.05, estimate power
lost in friction.
Solution.
Given:D=150mmorR=75mm=0.075m; N=100 r.p.mor ® =2 & X

100/60 = 10.47 rad/s ; W =20 kN =20 x 103 N ; u = 0.05

We know that for uniform pressure distribution, the total frictional torque,

Tz%Xp.W.R :§><0.05><20>< 10° x 0.075 = 50 N-m

.. Power lost in friction,

P=T.w=50x10.47=5235W

Problem
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A conical pivot supports a load of 20 kN, the cone angle is 120° and the
intensity of normal pressure is not to exceed 0.3 N/mm2. The external diameter
is twice the internal diameter. Find the outer and inner radii of the bearing
surface. If the shaft rotates at 200 r.p.m. and the coefficient of friction is 0.1,
find the power absorbed in friction. Assume uniform pressure.

Solution.

Given :W=20kN =20 %103 N ;2 a=120%0r .=60°; pn =0.3 N/mm2 ; N
=200 r.p.m. or ® =2 x 200/60 =20.95rad/s ; u=0.1

Outer and inner radii of the bearing surface

Let r 1 and r 2 = Outer and inner radii of the bearing surface, in mm. Since the

external diameter is twice the internal diameter, therefore rl =2 r2

We know that intensity ot normal pressure ( p,),
w 20 x 10° 2.12x 10
03 = 2 2 = 2 2 = 2
ml(n)” - ()1 =l@2r)" - ()] ()"
(r,)* =2.12x10°/03=7.07x10° or r, =8 mm

r =2 /'2=2 x 84 = 168 mm

Flat Collar Bearing

Collar bearings are used to take the axial thrust of the rotating shafts. There may
be a single collar or multiple collar bearings as shown in Fig. 10.20 (a) and (b)
respectively. The collar bearings are also known as thrust bearings. The friction

in the collar bearings may be found as discussed below :
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Shaft

T Collar

Single collar bearing Multiple collar bearing.

Consider a single flat collar bearing supporting a shaft as shown in Fig. 10.20

(a). Let r1 = External radius of the collar, and r2 = Internal radius of the collar.

Area of the bearing surface, A== [(r1) >— (r2) 7]

1.Considering uniform pressure

When the pressure is uniformly distributed over the bearing surface, then the intensity of
pressure,

v
A afr) - ()]

We have seen in Art. 10.25, that the frictional torque on the ring of radius r-and thickness dr,

p

I = 2 prt dr

Integrating this equation within the limits from r, to r, for the total frictional torque on the
collar.
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T'=2mp.x 7W - [(’3)3 = ("2)3:|
rl(n)” —ig)"] 3

N
2, | @ -
3 (1) = (1)’

Problem

A shaft has a number of a collars integral with it. The external diameter of the
collars is 400 mm and the shaft diemater is 250 mm. If the intensity of pressure
IS 0.35 N/mm2 (uniform) and the coefficient of friction is 0.05, estimate : 1.
power absorbed when the shaft runs at 105 r.p.m. carrying a load of 150 kN ;
and 2. number of collars required.

Solution.

Given :d1 =400 mmorr1=200 mm;d2=250 mmorr2=125mm; p=0.35
N/mm2 ; u=0.05; N=105r.p.mor ® =2 x 105/60 = 11 rad/s ; W = 150 kN
=150 x 103 N

1. Power absorbed

We know that for uniform pressure, total frictional torque transmitted,

. 3 3 3
r=2xuw M =2 %0.05x150 103[(200), — (125), ]N-mm
3 ) -m)y| 3 (200)% — (125)°

= 5000 x 248 = 1240 x 10° N-mm = 1240 N-m

. Power absorbed,
P=Tw=1240x11=13640 W =13.64 kW .,

2.Number of collars required
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Let n = Number of collars required.
We know that the intensity of uniform pressure ( p),

3
— 4 ~ 150 x 10 196

nw[(n)? - (5)’]  nm[(200)° — (125)°]

n=1.96/0.35= 5.6 say 6 Ans.
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