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Friction

 When a body moves or tends to move over another body, a force opposing the

motion develops at the contact surfaces.

e The force which opposes the movement or the tendency of movement is

called the frictional force or simply friction

Motion ——»

Pushing force
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Friction

* Friction is the force distribution at the surface of contact between two bodies

that prevents or impedes sliding motion of one body relative to the other.

» This force distribution is tangent to the contact surface and has, for the body
under consideration, a direction at every point in the contact surface that is in
opposition to the possible or existing slipping motion of the body at that point.

There are 3 types of Friction:

Static friction Kinetic friction Rolling friction

F.= 0 Kinetic fnction appears
i =0

i

Ball Starts Moving

Ball at Rest
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The Laws of Dry Friction Coefficients of Friction N ST T TONE

*Block of weight W placed on horizontal surface. Forces
acting on block are its weight and reaction of surface N.

«Small horizontal force P applied to block. For block to
remain stationary, in equilibrium, a horizontal
component F of the surface reaction is required. F is a
static-friction force.

*As P Increases, the static-friction force F Increases as
well until it reaches a maximum value F,.

Further increase in P causes the block to begin to move
as F drops to a smaller kinetic-friction force F,.

Fr= 1N
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e
 Four situations can occur when a rigid body is in contact with mﬁ
horizontal surface:

le}.l,N
N NnPy-FW

» No friction, » No motion. = Motion impending,
(P,=0) (P55 F ) (Py=F,,)
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Angles of Friction

[t is sometimes convenient to replace normal force. N and friction force F by
their resultant R:

F=P,

« No friction « Nomotion « Motion impending
Fo_ s N

N N
tan @=L

tang, =
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Angles of Friction
» Consider block of weight W resting on board with variable inclination angle

Wsin &8

Weos 8

s N=Weos @
L

BYF, < Wsin 6

WN e Weos @
85
RbT. Wsing 0=

Ne Weos @
-
RL-F, = Wsin 8

¢, = angle of repose 0=e,

g<g,

» No friction » Nomotion « Motion « Motion
impending
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Block A weighing 1000 N rests over block B which weighs 2000 N as shown in
Fig. 5.5(a). Block A is tied to a wall with a horizontal string. If the coefficient
of friction between A

and B is 1/4 and that between B and the floor is 1/3, what value of force P is
required to create

Impending motion if (a) P is horizontal, (b) P acts 30° upwards to horizontal?
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Now consider the equilibrium of block A.
o

.EFF =0 — o

N —1000=0 or N;= 1000 newton.

Since F 15 limiting friction,

VYN o)

- -
P
F, = i «% 1000 = 250 newton.
.EFH =0 —

Fi-T=0 o T=F,, iLe. T=250 newion.
Consider the equilibrium of block B.
-EFP‘ =13
N, — N, — 2000 =0.
N> =N + 2000 = 1000 + 2000 = 3000 newton.

Since F, is limiting friction,

F1=p2N1=_;:~:3{}EH}= 1000 newton.

.EFH =0 -
P=F +F, =25+ 100 = 1250 newton.
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(b) When P is inclined: Free body diagrams for this case are shown mn Fig. 5.5(c). ‘ -
Considering equilibrium of block A, we get TONE

YF =0 — N, =1000 newton.

Fy= i x 1000 = 250 newton.

YF, =0 — T=F, =250 newton.
Consider the equilibrium of block B.

E Fr =0 —
N, — 2000 — N, + Psin 30 =0 1000
or Ny + 0.5P = 3000, since N, = 1000 newton. l
From law of friction s
: L ——
AT . % % (3000 — 0.5P) N
Fi +—3F F
= 1000 — D_;P. B 2000 z{ﬁ_
; Fya—%
R N
Peos30-F, - F,=0 Fig. 3.3(c)

: 0.5
P cos 30 — 250 — ['ﬂm—?f’] =0

p[ms 3{]_1_":"1;5] = 1250
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What should be the value of 8 in Fig. 5.6(a) which will make the motion of E;ﬁ
900 N block down the plane to impend? The coefficient of friction for all

contact surfaces is 1/3.

Solution: 900 N block is on the verge of moving downward. Hence [rictional forces F; and F; [Ref.
Fig. 3.6(h)] act up the plane on 900 N block. Free body diagrams of the blocks are as shown in Fig.
3.6(b).

Consider the equilibrium of 300 N block.
‘¥ Forces normal to plane = 0 —

Ny —=300cos8=0 or N,=300cos8 )
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1rY71:4=7

From law of friction, i)

Fi=— N, =100 cos 8 .. {F)

£
3
For 900 N block:

X Forces normal to plane = 0 —
Ny =N, —90cos8=0
or No= Ny + 900 cos 6
= 300 cos & + 900 cos 6

= 1200 cos 0.
From law of friction,

I % « 1200 cos 8 = 400 cos 6.

¥ Forces parallel to the plane =0 —
Fi+F,-900sma=0
100 cos @ + 400 cos 8 =900 smn 6

tan 8 =

2 58

9:

5#.
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What is the value of P in the system shown in Fig. to cause the motion
to impend?

Assume the pulley is smooth and coefficient of friction between the
other contact surfaces is 0.2.

P
‘% SO0 m
1 spp g pet2l

{a) (b

Solution: Free body diagrams of the blocks are as shown in Fig. 5.9(5). Consider the eguilibrium of
T30 N block.

X Forces normal to the plane = 0 —
Ny -TDlcos60=0 .. N, =373 newton i)
Since the motion 15 impending, from law of friction,

F,=nuN, =02 375 = T newton i)
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'Y Forces parallel to the plane =0 —
T—F,-750sin60=0
T=T75+ 750 sin 60 = 724.5 newton. .. EEE)
Consider the equilibrium of 300 N block.

.EF._, =0 —
N; =500 + Psin 30 =10
Le., N, + 0.5P = 500 {1V)
From law of friction,
Fa=pN;=02(300-05P)=100-0.1P V)
.EFH =0 —
Pcos30-T-F,=0
LE., Pcos 30 -T7245-100+0.1P=0
P=83335N
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Two identical planes AC and BC, inclined at 60° and 30° to the horizontal meet at
C as shown in Fig. 5.10. A load of 1000 N rests on the inclined plane BC and is tied
by a rope passing over a pulley to a block weighing W newtons and resting on the
plane AC. If the coefficient of friction between the load and the plane BC is 0.28
and that between the block and the plane AC is 0.20, find the least and greatest
values of W for the equilibrium of the system.

o —

~

1T ridhis

LO0D N

(a) (b)

W FOOD ™

e |
|

{c)
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In this case motion of 1{{0 N block is impending down the plane and block W has impending motion

up the plane. Hence free body diagrams for the blocks are as shown in Fig. 5.10(p). Considering the
equilibrium of 1000 N block,

‘¥ Forces normal to the plane = 0 —
Ny — 1000 cos 30=0 .. N, =866.0 newton W)
From the law of friction

Fy =N, =0.28 x 866.0 = 242.5 newton L)
‘¥ Forces parallel to the plane =0 —
T'— 1000 sin 30 + F; =0

T=500—-2425 = 257.5 newton ..LHEE)
Now consider the equilibrium of block weighing W.

'E Forces normal to the plane = 0 —

No—Weosbll=0 ie., N.=05W ()
From law of friction

Fom N, =02 x05W=01W )
‘X Forces parallel to the plane =0 —

T—F;— Wsin 60 =0
Substituting the values of T and F, from eqns. (iff} and (v), we get
2575 -0.1 W-Wsin6l=0

257.5

S e Rk
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(b) For the greatest value of W:

In such case 1000 N block is on the verge of moving up the plane and W is on the verge of moving
down the plane. For this case free body diagrams of the blocks are as shown in Fig. 5.10(c).

Considering the block of 1000 N,
‘T Forces normal to plane = 0 —

N — 10 cos 30=0 .. N; =366.0 newton .Avi)

From law of friction,

Fi=pNy=028x8660=2425N A Vif)
‘¥ Forces parallel to the plane =0 —
T-1000sn30-F, =0
T =500+ 2425 = 7425 newton A viii)
Considering the equilibrium of block weighing W,
‘X Forces normal to plane = 0 —
No—WeosbD=0 or N,=05W -.{x)
Fro=:N=02x05W=01W .kX)
'E Forces parallel to plane = (0 —
T-Wsin60 + F,=0 .. Axi)
Substituting the values of T and F, from eqns. {viir) and (x), we get,
T425 - Wsin 60 + 0.1 W=10

742.5
W= —" =993 t
or 0 O] newton

The system of blocks are, in equilibrium for W = 266.6 N to 969.3 N.
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WEDGE <
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Wedges are small pieces of hard materials with two of their opposite surfaces
not parallel to each other.
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