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INTRODUCTION TO FRICTION

FRICTION

Whenever the surfaces of two bodies are in contact, there 1s some resistance to
sliding between them. The opposing force to the movement 1s called friction or
force of friction. It 1s due to interlocking of surfaces as a result of the presence of
some roughness and irregularities at the contact surfaces. The resisting force acts
in the direction opposite to the movement. A force of friction comes into play
whenever there 1s a relative motion between two parts. Some energy 1s wasted 1n
order to overcome the resistance due to force of friction.
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Fig.1 Force of friction



INTRODUCTION TO FRICTION

FRICTION

Force of friction or frictional force 1s the opposing force to the movement of
one body over the surface of another body.

In Fig.1

W = Weight of the body (mg)
N = Normal reaction

/= Friction force

P = Force applied to the body
R = Total reaction

® = Angle of friction



INTRODUCTION TO FRICTION

IMPORTANT DEFINITIONS
(a) Angle of Friction

It 1s the angle made by the resultant (R) of the normal reaction (N) and

limiting force of friction (/') and made with the direction of normal reac-
tion.

R 1s the resultant of normal reaction N and force of friction f.

R= N>+ 2
. L I Y
¢ 1s the angle of friction R
v | 0|
tan ¢ = ~— P
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Fig.2.Angle of Friction



INTRODUCTION TO FRICTION

(b) Coefficient of friction
It 1s ratio of limiting frictional force and the normal reaction.
The coefficient of friction,

—']/;—; =tan ¢

uN

“:

¥

1 depends upon the nature of contacting surface. Its value is very low for lubri-
cated surfaces and high for dry friction.



INTRODUCTION TO FRICTION
(c) Angle of Repose

A body of weight W is lying on a rough plane inclined at an o with the

horizontal. The body is in equilibrium under the action of following
forces:

(1) Weight of the body W. It has two components: W sin o parallel to
inclined plane and W cos o normal to the plane.
(11) Normal reaction, N acting in a direction normal to inclined plane.
(i11) Friction force, facting in a direction opposite to the motion.

Motio‘r/

Fig.3.Angle of Repose



INTRODUCTION TO FRICTION

When the body tends to slide down the plane, the frictional force must act up

the plane and when the body is being pulled up, the force of friction acts down-
wards to oppose the motion.

Selecting the reference coordinate system with X-axis in the direction of in-
clined plane and Y-axis perpendicular to inclined plane,

Applying equilibrium conditions,

2Fy=0

/= Wsin o
XFy=0

N =W cos

¥ W sin o
— = ——— =tan o
N W cos o

’
But, ~— = = tan
N M O

where ¢ is called the angle of friction.

resolved into rectilinear components. The unknown forces are found from the
equations of equilibrium.



INTRODUCTION TO FRICTION

Rough Horizontal Plane

There can be following cases of motion of body on rough horizontal plane. The
equilibrium conditions for each case are discussed.

(a) No moving force

P=0
.. Friction force, /=0
W=N
Y P
Motion i
Psin©
X (N

Pcosb
IW
f
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Fig.4. Rough Horizontal Plane



INTRODUCTION TO FRICTION
Rough Horizontal Plane

(b) Body moving under pull or push
A force P is applied to the body. The force body diagram is shown.
Considering the equilibrium of the body.

2Fy=0
PcosO =f
But by definition, f=uN
Pcos O =unN wsiek )
XFy=0

N=W=xPsin0
W =N+ Psin 0
or N=W-—-Psin 0 G2
From equations (1) and (2)
Pcos O =u(W— Psin 0)
PcosO+ U PsinO =uw

P[c059+sm¢sine}—MW [...H:tanq):smfbil

cos ¢ cos ¢ cos ¢




INTRODUCTION TO FRICTION

Rough Horizontal Plane

p(cos B cos ¢+ sinBsind) = Wsind
Pcos(0—0)=Wsind

W sin ¢
- cos (0 —0)
For P to be minimum, cos (0 — ¢) should be maximum,
cos (0—0)=1
6=0¢

The angle of inclination of force P should be equal to the angle of friction, ¢.



INTRODUCTION TO FRICTION

Rough Horizontal Plane

Q.1. The force required to pull the body of weight 50 N on a rough

horizontal surface 1s 20 N where 1t 1s applied at an angle of 25° with the horizon-
tal as shown. Determine the coefficient of friction and magnitude of reaction N
between the body and the horizontal surface. Does the reaction pass through the

centre of gravity of the body?

20N

N i
A // P sin 25°
/ 4237,

J
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Fig.4.1 Rough Horizontal Plane



INTRODUCTION TO FRICTION

Rough Horizontal Plane

Solution: The body is in equilibrium
2F,=0
N =W-Psin 25°
=50-20x%0.42
=41.55 N
2F,. =0
f=20co0s25°=18.13 N

- wo S 1813
N 4155

The reaction passes through the centre of gravity of the body as it is equal and
opposite to weight of body W.

=0.436 Ans.




INTRODUCTION TO FRICTION

Rough Horizontal Plane

Q.2. A block of weight 5 kN 1s pulled by a force P as shown. The
coefticient of friction between the contact surface 1s 0.35. Find the direction 0 for
which P 1s mimimum and find the corresponding value of P.

f)
/

NN

Fig.4.2 Rough Horizontal Plane

Solution:
(1) Draw free body diagram of the block.
(11) Apply equilibrium conditions.

y




INTRODUCTION TO FRICTION

Rough Horizontal Plane

>F.=0
f=PcosH

LF, =0
W=N-+Psin0

(1) The angle of inclination of force P will be equal to the angle of friction for
minimum value of P.

0=¢=tan ' W=tan ' 0.35

= 20.48°
_ Wsino¢
cos (0 — o)

For P to be minimum, cos (60 — ¢) = 1
P=Wsin ¢ = 5sin 20.48° = 1.75 kN  Ans.



INTRODUCTION TO FRICTION
Rough Horizontal Plane

Q.3. Obtain the expression for minimum force required to drag a
body on a rough horizontal plane.

Solution:
(1) Draw free body diagram.
(11) Apply equilibrium conditions.

4

A B NN

r

2F.=0
f=Pcos 0=uN ..(1)
ZF, =0

N=W+ P cos 9 sul2)



INTRODUCTION TO FRICTION

Rough Horizontal Plane

From equations (1) and (2)
P cos O = uN
= W(W — P sin 0)
PcosO+uPsinO =uw

sin
Now, L= tan ¢ = ¢

cos O

P| cos O + i siIn B | = S W
cos O cos O

P(cos O cos ¢ + sin O sin ) = W sin ¢
P cos (O —¢) = Wsin ¢

w sin ¢

cos (0 — ®)

For P to be minimum., cos (0 — ¢) should be maximum
cos(0 — o) =1
0=0¢
Minimum value of P = W sin ¢
or = W sin O Ans.



INTRODUCTION TO FRICTION
ROUGH INCLINED PLANE

(a) Equilibrium Condition for Different Angle of Inclination
(1) Angle of inclination less than angle of friction
. Draw free body diagram.

2. Apply equilibrium conditions.

Z

A

;.
N o)

@
o

>F.=0
4 f=uUN=NsinqQ
2F, =0
W= N cos o

Fig.5 Rough Inclined plane (<9



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

The body is in equilibrium,
(1) Angle of inclination more than angle of friction.

The body will slide down and an upward force P is required to restrict the
body from moving down. The restricting force can be applied in different
ways.

I. Along the inclined plane

Draw free body diagram.

Equilibrium conditions.
LF =
f=P—-Wsin o
2F,=0
N=W cos o

Fig.6 Force parallel to inclined plane



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
2. Therestricting force applied horizontally
Draw free body diagram.
Apply equilibrium condition.

2F.=0
o"d d
< = \ — 31
N 9 Dt f=Pcos o— W sin o
-, LE, =0
a .
W cos o N=Wcos o+ P sin o
f
/ o 7 W sin o Y
Y
4 X

Fig.7 Force applied horizontally



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
3. Force applied at an angle @with the inclined plane

Draw free body diagram.
Apply equilibrium conditions.

2F.=0
f=Pcos0— Wsin a
2F=1

N=Wcoso—Psino

FIg.8 Force applied at an angle 6 with plane



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
(b) Body sliding downwards
A body of weight I 1s on the verge of sliding downwards. A minimum force P is
required to restrict the motion.
(1) Draw free body diagram.
(i1) Apply equilibrium conditions.

Fig.9 Body sliding downwards



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
(b) Body sliding downwards
2F.=0
f=uUN=Wsmno—P
P = W sin o0 — UN
3 F, =10
N= W cos o
From equations (1) and (2)
P = Wsin o — W(W cos o)

= W(sin & — L cos Q)

. sin
=W | sin &t — — ¢ COS oL
sin O
sin
nw=tan ¢ = ®
cos ¢

P cos ¢ = W(sin o cos ¢ — cos & cos O)
W sin(o. — @)
cos O

=

(1)

ssld)



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
(c) Body upwards an inclined plane

Minimum force required to keep the body in equilibrium.
(1) Draw free body diagram.
(1) Apply equilibrium conditions.

XF =0

f=P—Wsmq

P=Wsino+ f= Wsin o0 + UN i
LF,=0

N=W cos il )



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
(c) Body upwards an inclined plane

Fig.10 Body upwards an inclined plane



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE
(c) Body upwards an inclined plane

From equations (1) and (2)

P=Wsmo+ uwhWcos o

) sin Sin
= Wsin o + q)Wcosa L=tan ¢ = 0
cos O cos O

P cos & = Wsin oL cos ¢ + W sin cos o
=W s (o + &)

B W sin (a + o)
cos O

P




INTRODUCTION TO FRICTION
ROUGH INCLINED PLANE

Q.4. A body of weight 500 N is pulled up along an inclined plane having
an inclination of 30° with the horizontal. If the coefticient of friction between the

body and the plane 1s 0.3 and the force 1s applied parallel to inclined plane, deter-
mine the force required.

Solution:




INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

W=500N
o =30°
w=20.3
Angle of friction,
O = tan ' L= tan " 0.3 = 16.7°

The force of friction will be acting downwards as the body 1s tending to move
upwards.



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

Draw free body diagram and apply equilibrium conditions.
XF. =0
P—sina=f=uN
P=Wsno+uN
XF, =1
N=Wcos a
From equations (1) and (2)
P =Wsin o+ UW cos o
=500 sin 30° + 0.3 X 500 cos 30°
=250 % 0.5+ 0.3 x 500 x 0.866
=250+1299=3799N Ans.

w1

A



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

Q.5. A body of weight I 1s placed on a rough inclined plane having

inclination ¢ to the horizontal. The force P is applied horizontal to drag the body.
[f the body is on the point of motion up the plane, prove that P is given by:

P = Wtan (0. + 0)

where, ¢ = angle of friction.

Solution: Draw free body diagram and apply equilibrium conditions.




INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

2F =0
Pcoso=Wsmao+f= Wsino + uN sk 1)

2, =10
N=Wcos 0.+ P sin ..(2)

From equations (1) and (2)
Pcoso=Wsino+ W(Wcos o+ P sin )
=W sin o+ UWWcos o+ UWP sin o
Pcos oo — WP sin o = Wsin oo + W cos o



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

SIN O+ L COS O
P=W E

COS 0L — L COS O,
But,u=tan ¢ (By definition)

sin o, + tan ¢ cos o
P=W ¢

Cos 0L — tan ¢ sin o

sin ¢ cos ¢ + sin ¢ cos o

=W
COS 0L.cos ¢ — sin o sin ¢

W sin (0L + 0)
cos (oL + )

P =W tan (00 + 0) Proved.



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

Q.6. A four wheel drive car as shown has a mass of 2000 kg with
passengers. The roadway 1s inclined at an angle 6 with the horizontal. If the
coefficient of friction between tyers and road 1s 0.3, what 1s the maximum

inclination 6 that can be climbed?
Solution: Draw free body diagram as shown. The wheels are rotating clock-

wise to climb the roadway, the forces of friction on the front wheel and rear wheel
frand f, will be acting upwards to oppose the direction of motion of the wheel.




INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

Apply equilibrium conditions,
XF. =0
Jpt fr=mgsin 0
=2000 + 9.81 sin 6
= 19620 sin 0 (N)

LE; =)
Ry + Ry = mg cos 0
= 2000 x 9.81 cos 6
= 19620 cos 0 (N)



INTRODUCTION TO FRICTION

ROUGH INCLINED PLANE

But,f = Ry
and Jfr=URp
Jr T Jr= WR + Rp)
19620 sin O = W(Ry + Ry)

0A 1
R i, ARSI, _
0.3

= 19620 cos 0

: C
sin O _ 19620 _ 03

cos 0 65400

0 =16.7°



INTRODUCTION TO FRICTION

LADDER FRICTION
A ladder 1s placed against a rough wall and a rough floor with coefficient of fric-

tion |, and 1, respectively.

Example: A ladder, 4B of length L and of weight W is placed against a rough
wall and rough floor. The reactions R, and Rz will be acting perpendicular to the
point of supports at floor and wall. The ladder has tendency to slide down. There-
fore, the forces of friction f, and /5 will be acting to oppose the motion.

Draw free body diagram of ladder and apply conditions of equilibrium.

ANANNANRNNANNRNNNN RN
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R,

Fig.11 Ladder friction



INTRODUCTION TO FRICTION

LADDER FRICTION

B =l =R
2F, =0 W=R,+/p
The number of unknowns are four. Therefore, take moments about point O.
2My=0



INTRODUCTION TO FRICTION

LADDER FRICTION

Q.7. A uniform ladder of weight 300 N rests against a smooth vertical
wall a rough horizontal floor making an angle 60° with the horizontal. Find the
force of friction at floor.

Solution: Draw free body diagram of ladder 4B and apply condition of equilib-
rium.

o
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INTRODUCTION TO FRICTION

LADDER FRICTION

As the wall 1s smooth, f; = 0.

2F. =0
Ja= Ry
WRy = Ry
2F, =0
| R,=W=300N
J4=HR,=300p

Assume [ = 0.3 between ladder and floor.

The force of friction,
f;=03%x300=90N

Ans.



INTRODUCTION TO FRICTION

LADDER FRICTION

Q.8. A uniform ladder of length 10 m and weighing 20 N is placed

against a smooth vertical wall with its lower end 8 m from the wall. In this posi-
tion the ladder is just to slip. Determine:
(1) Coeftticient of friction between ladder and floor.

(11) Frictional force acting on the ladder at the point of contact between the

ladder and floor.

Solution: Draw free body diagram of ladder.

\\
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INTRODUCTION TO FRICTION

LADDER FRICTION

Angle of inclination,

cos O = 8, 0.8
10
0 =36.87°
sin B = 0.6
Applying equilibrium conditions,
>F. =0
Ja= Rp
ZF, =0
R, =W=20N (. fz=0)
>M;=0

R, Xx8=20X4+RpXx6

R, x8—-20x4 20x8—-20x4

R:
- 6 8

= 10 N

Force of friction, 4= Rp= 10N

R
n==->2 = N =05 Amns.
N 20




INTRODUCTION TO FRICTION

LADDER FRICTION
Q.9. Aladder of length */” rests against a wall, the angle of inclination
being 45°. If the coefficient of friction between the ladder and the ground and that

between the ladder and the wall 1s 0.5 each, what will be the maximum distance
on ladder to which a man whose weight is 1.5 times the weight of the ladder may

ascend before the ladder begins to slide?
Solution: Draw free body diagram as shown and apply equilibrium conditions.

S
5 450
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INTRODUCTION TO FRICTION
LADDER FRICTION

(i) SF.=0
Ja = Rg = N = UR,
0.5R,
- R,= 2Ry
(i) =F,=0

Ry+fu=W+1.5W=2W
Ry — 2Ry
fs= MRy = 10.5Ry
2R, + O.5R, =2W

2
Ry=— W=0.8W
2.5
£ fe=O0.5R;=0.4W
(iii) 2ZM,4=0
W= — cos 45% + 1.5W xcos 45° = Ry X Isin 45% + [ [cos 457

= Q0.8 W /sin 45° +~ 0.4 W /lcos 45°
0.353 Wi+ 1.06 Wx = 0.5656 W1+ 0.2828 Wl
1.06x — (0.5656 + 0.2828 0.353)/ — 0.49544/

x 495
% o SRR S

/ 1.06

The man can ascend 46.7%% of ladder length.



INTRODUCTION TO FRICTION
LADDER FRICTION
Q.10. A uniform ladder of weight 800 N and length 7 m rests on a

horizontal ground and leans against a smooth vertical wall. The angle made by
the ladder with the horizontal 1s 60°. When a man of weight 600 N stands on the
ladder 4 m from the top of the ladder, the ladder is at the point of slipping. Deter-
mine the coefficient of friction between the ladder and the floor.

Solution: Draw free body diagram of the ladder and apply equilibrium condi-
tions.

. £ 60°
2 //////q(/ S

R,



INTRODUCTION TO FRICTION

LADDER FRICTION
(1) 2F.=1
Ja=Rp
(11) >F,=0
R, =800+ 600 = 1400 N
J4=Rg=UN=UR,
= 1400
(111) 2Mp=0
R %7 cos 60° =f,x7smn60°+ 800 x 3.5 cos 60° + 600 x 3 cos 60°
1400 x 7 cos 60° = 1400w x 7 sin 60° + (800 x 3.5 + 600 x 3) cos 60°

_ 1400 x 7 cos 60° — 4600 cos 60°
1400 x 7 sin 60°

C =
= SRR =0.3 Ans.
8487




