3.1 Introduction to Friction

When two bodies are in contact, tangential forces acts between bodies called friction forces, will always
developed if one attempts fo move one bodies with respect to the other. There is a maximum value of friction
force and will not prevent motion if sufficiently large forces are applied.

The friction forces mainly due to surface roughness of the bodies in contaci. These forces will be very
high for very rough surface and can be decrease by making smooth surface.

The friction force oppose the motion of the body and it always acts tangentially along the common

surface of contact between the two bodies, ,
Consider a body on plane as shown in figure 3.1.If Fis the force applied
to the body to move it toward right aver the plane, then an opposing force H;
will act in the opposite direction i.e., towards left and at contact surface as e

ShowR-a ﬁ\d‘u(c St

It the magnitude of applied force is greater than R, then only it ' N
Is is possible 1o move body towards right.

F>R,

If we start to increase the force Ffrom 1 N, 2N, 3 N then the. Ry
body will not be abie to move because A, will also incre‘ase Equilibrium B
correspondingly and will balance F A stage will reach when Ri# F -
because Rhas a maximum value Ry is known as limiting friction force
(Fiy) and if Fis continuously increased and F being greater than R, .
As the body has been set in motion, the magnitude of friction force F
drops to a lower value R, is known as kinetic friction force. This is Fig. 3.2
because there is less interpenetrating between the irregularities of
surface in contact when these surface move with respect to each other.
The value of R, is constant and always less than R,

Rf/(

3.2  Dry Friction and Fluid Friction

Fluid friction occur when the adjacent layers in a fluid are moving at different velocities. This motion
causes frictional forces between fluid elements, and these forces depend on the relative velocity between fluid
layers. Fluid friction is treated in the study of fluid mechanics.



Dry friction occur when the unlubricated surfaces of two solids are in contact under a condition of
sliding or a tendency to slide as discussed in part 3.1. This type of friction is also called Coulomb friction. In this
chapter we will study only this friction.

3.3 Static and Dynamic Friction

When an external force is applied to a body, it does not move, because frictional force balance the
external force applied. This external force is less then A, therefore, the frictional force experienced by the body
is known as static friction as body remains static because of this frictional force and is equal to the applied

external force.
Whenever two bodies are in relative motion, the friction resisting force experienced by them is known of

dynamic or kinetic friction.

3.4 Laws of Static Friction
The laws of static friction are as follows:
1. The frictional force always acts in a direction opposite to that in which the body tends to move.
2. The limiting frictional force is directly proportional to the normal reaction between the two contact
surfaces.
3. The frictional force depends upon the nature of the surfaces in contact.
4. The frictional force is independent of the area and shape of the contacting surfaces.

3.5 Coefficient of Friction
The limiting friction force R, is directly proportional to the normal reaction between two bodies in contact
as shown in figure 3.1.

Rpyo N

Rf/ = My i
where i is known as coefficient of static friction.
Thus _

M'g - /_?

The coefficient of static friction is defined as the ratio of limiting friction force to the normal reaction
between two bodies in contact.
The coefficient of kinetics friction is given by

where R, (kinetic friction force) is little less than R, in magnitude as discussed earlier. Generally we
denote p, as p unless specified.

3.6 Angle of Friction (¢)

Consider a body Awhich is just about to move on plane under external ! W
applied force Fas shown in figure 3.3. The Wis the weight of the body, Nis the §
_ , A R A F
normal force and A, is the limiting frictional force. — ; .
The resultant force of Nand R, may be represented by R’ in magnitude r\
R VR

and direction as shown in the figure. The ¢ is the angle between R/’ and N and
itis known as angle of friction. The resultant force A’ is given by Fig. 3.3



N = \/N) +R?

and its direction with respect to normal is given by

R,
tan ¢ = ”/—\’/L
e
but i, = ~iL
8 N
Thus ¢ = tan (u,)

This indicates that the friction coefficient is tangent of angle of friction.

3.7 Angle of Repose
The maximum angle of inclination of an inclined plane with horizontal for which a pody lying on the
inclined plane will not slide due o its weight is known as angle of repose.
Consider a body of weight W resting on a rough plane inclined at an
angle o as shown in figure 3.4. Consider the limiting equilicirurn condition and
resolving forces:

Normal to the plane Weos e = N

Along the plane Wsino = R,

: Ry =uN

i Wsino = uh (i)

Dividing equation (i) by (i) we get ’
tano =

But we know that, 1= tan ¢

¢ = angle of friction

Therefore it can be stated that angle of repose is-equal-tothe angle-of-friction:

3.8 Wedge

Awedge is usually of a triangular or trapezoidal in cross-section. The tapered surface of the wedge can
help in small adjustments in the position of a body or to apply large force. A friction force is always present along
the tapered surface of the m, wedge where it is in contact with another body.

Fig. 3.5 Fig. 3.6

Figure 3.6 shows a wedge used to lift a large weight W with external applied force F perpendicular to
weight. The force Frequired to lift the wedge is calculated from the equilibrium condition of the forces on the
weight and wedge. The resultant force as shown in figure 3.7 are inclined at angle ¢ from their respective normal



are in the direction to oppose the motion. From the free body diagram we write the force equilibrium condition
and the force F is determined. Lami's theorem is convenient if forces are three in numbers.

Lami’'s theorem states that if three forces acting at a point are in equilibrium, each force is
proportional to the sine of the angle between the other two forces. considering three forces
A, B, Cacting on a particle or rigid body making angle o,  and ywith each other as shown
in figure then

A B C
sinoe sinB  siny
The angle between the force vectors is taken when all the three vectors

are emerging from the point.

3.9 Rolling Friction
Consider a wheel having a weight Wand radius ris pulled out of depression as shown in figure 3.8 by
applying force F horizontally. Considering the equilibrium condition of the wheel, and taking the moments of the
forces about the point Ois zero, where Ris the reaction at the point O on the wheel. .
When a body rolls over a surface, the places of contact get deformed and a slight bump is formed. To
rotate the body, the bump caused in front has to be constantly overcome, its like constantly climbing over an
incline plane. Also the adhesive forces between the two surfaces have to be overcome contently.
Taking AB = r; we can write
For=W-Las OA=1L
The horizontal component of Ris A cos 6 and for

equilibrium condition
F=FRcoso

This component A cos 6 is called rolling resistance and distance
L is known as coefficient of rolling resistance. it may be noted that the
rolling motion is caused by a couple by the rolling force Fand equal amount
sliding friction A cos 8 in the opposite direction acting at the point of contact
O between the body and the surface on which the body rolls.

The rolling friction is always less then the sliding friction as it is
only at a point instead of at surface.

3.10 Belt Friction

In a belt drive system the power from the driver pulley to driven pulley is fransmitled by means of a belt
wrapped over them. Thus the transmission of power from one pulley to another accomplished only because of
existence of friction between the belt and the pulley,

Driver

- Follower
2

Slack side

AN / Tight side

Fig.3.8




Figure 3.9 shows a driving pulley L and the driven pulley M. The driving pulley pulls the belt from one
side and delivers the same to the others. It is thus obvious, thal the tension in the former side is more than in the
later side as shown in figure 3.9. The ratio of tension developed in the belt on either sides of pulley is an
exponential function of coefficient of friction Kand angle of lap 6 of belt on the pulley.

?_;L = gt
3.11 Two Mating Blocks 1
Block A of weight W, rests on a block B of weight W, which is Wa“/_ _—— L A
lying on floor, as shown in the Fig. 3.9. Upper block A is cornected to [y I N SN
the wall through a string CD and thersfore restricted from movernent, Let u W*; |
us take y, as coefficient of friction between blocks A and B and L, as - B |
coefficient of friction between block B and floor. ) / WL WZle -F
A force Fis applied on block B and let us find Fron required for " \'
movement of block B. Let us draw free body diagrams for both blocks as Floor
showr in Fig. 3.10. Movement of block B is resist by friction force along Hg. 39
the top and bottom surface. o
Block A, For equilibrium | jTsino
T =N (1) ’”“I;;jA
N, = W, , (2) w_'_ QM N
Block B. For equitibrium ‘ v Ny
F=uNy+ o Ny (3) ,
Nk W= N, ) P —
From these four equation values of required force F.n€an be determinad, ] G, ” &
Loy ,_*_;_;.«Au_
3.12 Friction in Wheels T,
There are two types of driven wheels as follows: | Fig. 3.10

(i) Wheels attached to axle i.e. wheels being pulled by a force,
(if) Wheels attached to engine of an automobile l.e., power istransimilled lo the wheels of an automobile,
which become the driving wheels and the other pair becomes the driven wheels.

(?) Wheels attached to axle: A wheel of radius A is being pulled by a force Fover a rough surface, as
shown in Fig. 3.11. The coefficient of friction between wheel and surface is L.

The friction force, Re= uN
and. N =W

—w Mot
= R, = W AF Motion
Force F applied at axis O, cannot provide turning moment about axis
O. Only friction force is responsible from rotation of wheel. ( o F
Turning moment at the centre of the wheel jv /

=R, =uWR R~ 7
ST TITIIIIT

It surface is smooth, 1 = 0, T= 0, the wheel will not rotate. N Rough

The wheel rotates in the clockwise direction and wheel moves towards right. Fig. 3.11



(if) Wheels attached to engine shaft of an automobile:

{
Consider a rear wheel drive vehicle as shown in Fig. 3.12, / k Vot
. . o - WVIOTION

travelling towards right as shown. Driving torque on rear ~—_
wheelsis T. B\ f\a |

() N— ¢ \;W}
The engine torque T, tends to rotate the wheels in the S TR \1/
clockwise direction. (/) If the road is smooth, u = 0, the AT Riz iy,

Rear wheels Front wheels

wheels will simply rotate clockwise about their axis bul the (Driving wheeis)  (Driven wheels)

axle does not move forward, remains stationery and the
vehicle does not move. This phenomenon is sometimes
observed when the car is started on a slushy ground.

Fig. 3.92

However the road is generally rough and a frictional force 1, acts on the outer surface of wheel and
responsible for horizontal movement of wheel and vehicle, if /is the radius of the wheel, then frictional torque,
;= Ry xR (where A, is in the opposite direction at the point of contact, wheel tends to rotate and tends to
slip towards left at contact point).

This frictional force R,,, becomes the propelling force
on the vehicle in the direction of motion. Frictional force A, o -

. : . /R x R
at contact point A can be replaced by a anticlockwise couple T\ /
R, x Hand aforce A, at axle axis O as shown in Fig. 3.13(a). Gﬁ\ =Ry (Driving O«

force) \ \

Now the driven wheels (front wheels) are not driven Rnx R R . R
by the engine but are driven by the vehicle as the vehicle is Ru A7 Re BT
propelled by the engine through the driving wheels (rear D”Vi’:g wheel Driven wheel
wheels). Friction on driven wheels will be towards left as shown @ Fig. 3.13 ®)

in Fig. 3.13(b), and this provides clockwise turning moment
F., x Ronthe front wheels. Normally F, < F,.

A block of weight 100 N is lying on a horizontal plane having a coefficient of

friction as 0.25. Determine the magnitude of the force, which can move the body, while acting at an
angle of 30° with the horizontal.

Solution:

As per problem statement the configuration is shown in figure (a). When force Fis applied friction
force oppose the motion up to a extent and this force is equal to 1 as shown in figure (b). Consider
the point when block is just about to move. At that point block is in equiliorium under all these forces.

W= 100 N
100 N = _F
30° R )0 =30°
R
Fig. (a) Fig. (b}
Resolving all forces horizontally W = R+ Fsing
or R = W-Fsine )
Resolving all forces vertically
H. = Fcos8

-
i




but Fe = pR
Thus uR = Fcoso ()]
Therefore from equation (i)
w(W-Fsin®) = Fcoso
uW = F(cos 0 + usin 6)

Sp— Ll
~ COSO+Sing
Here w =025 6=30"and W= 100N
Substituting the values
- 0.25x100 0y

c0s30° + 0.25sin30°

. A block of weight 12 kN rest on a horlzontal ﬂoor A man pulls the biock
through a strmg which makes angle o w;th horizontal. Determme the mmxmum force required to pull the

block. Assume p = 1 /+/3 .

Solution: n ; :

As per problem statement the c‘onﬁgura 'on fsyshown
force oppose the motion up to aextent and this f TC
the point when block is just about to move. At th”

m,ﬂgure( a). When force Fis applied friction
ual to pLF? as shown in figure (b). Consider
bvlook is m equmbmum under all these forces.

W =12 kN F

Fig. (a)
Resolving all forces vertically W=R+Fsing L
or R = W-Fsina ' (D)
Resolving forces horizontally . v
PR = Fcoso (M)

From equation (i) and (ii) we get
WW-Fsina) = Foosa

or Flcosa+pusing) = uW
or F = Y .
COSq -+ L Sino
sing
Let o= tang = COS(I;
Wsing Wsing
Then F = =

COSGCOSe +Singsine  cos(a — ¢)
Fwill be minimum when cos (o~ ¢) is maximum.

ie. cos (- ¢) =

or oau—-¢ = O0oro=9¢



|
Here tand = U= —
bt J3
or ¢ = 30°
At o = 30° the value of minimum force is
. _ Wsingoe _w
- 1 2
Thus Fron = 12? = 6 kN

: Exahp_lé_:}é..‘é A block of 50 N weight rests in limiting equilibrium on a rough inclined plane
whose slope is 30°. The plane is raised to slope of 60°. Determine the force required acting along the
plane to support the block.

Solution:

W= 50N

Fig. (a) Fig. (b)
The figure (a) shows the situation when the slope is 30° and body is in limiting equilibrium and
figure (b) shows the forces acting on the block in that situation. In this situation component of weight
along the plane try to moves down the block and friction force oppose the motion.
For equilibrium

R = Wcos#
and pA = Wsino
or uWeos6 = Wsin6
or L= tan o

It shows that in the condition of limiting equilibrium the coefficient of friction is equal to slope. This is
also called angle of repose or angle of friction.
We have 8 = 30°

1
thus w o= tan 30° = «\/-é—
Now consider the case when slope is 60° and block is in equilibrium under applied force as shown
in figure (c). All force acting on block is shown in figure (d). Here force Fjust support the block and
block is about to move down. So friction force is in up direction along the plane.




For equilibrium

Wcos60° = R
and F+uR = Wsin60°
or F = W(sinB0° — 1 cos60°)
Here W = 50N
- L
e
3 1 1 50

Thus F = 50(312—«—-\/?-5)2 7—5 = 28.87 N

Example 3.4 A welght Was supported by friction on a plane inclined at an angle o to the

norlzontal Prove that the minimum horizontal force required to move up along the plane is Wtan 2 a.

Solution: : S
As per problem statement the configuration is shown in

figure (a). Here the force Fis just sufficient to mo,\/e,{the"f ﬂ’
weight upward along the plane. In this situation the friction P
force will act downward along the plane. F;gure (b)shows -«
the all forces acting on the weight. -
Resolving the force normal to plane

Wi

| R = Wecosa + Fsino. ()
Resolving the forces along the plane ' L
o Fcos o = u,FZ+ Ws oc' ' i )]

Substituting the value of R from equation (i) in equatlon (u) we get

Fcosa = p(Wcosa+ Fsina) + Wsin o
or F(ecoso~psina) = W(ucos o+ sina)
_ Wsina+pcosa)
or F= Tcosa - 1sine)
if weight is supportad by only friction then :
U = fanao
. W(sino + tana.cosa)
Therefore F= "cosa- tanosine)
sinocoso + sino.coso, sin2¢,
Oor F o W( O; - 062 J = W
cosa” ~sina cos2a

!

Wian 2 o, Hence Proved.

» The biock A and B Connemed by a horizontal rod and frictionless hmges are

supported on two rOugh planes as shown in figure. The coefficient of friction between block A and the

horizontal surface is 0.3 and between B and the inclined surface is 0.4. If the block Bweighs 1 kN, what
is the minimum weight of block A, that will hold the system in equilibrium.




Solution:
At the point of equilibrium the block Bis just about to move down. Thus friction will act in the upward

direction along the plane as shown in figure.
Hy Rg

Now consider the equilibrium yof block A. The thrust force in rod will try to move block A along —x
direction. Thus friction force will act in +x direction.
Thus R, = W,
, T=yRy=1, W,
Now consider the equilibrium of block B.
Resolving force normal to the plane.

R
Substituting T = p, W, we get Ry
Resolving force along the plane
M, Ag+ Tcos 60° = Wysin 60°
Substituting the value of R, Tand angle we get

il

T'sin 60° + Wy cos 60°
i, W, sin 60° + Wy cos 60°

1

3o 1 V3
Mo (MWA 5 + Wy 5 + 14V, 5 7 W 5
or MHQWA\@ + W + iy = WB\/ 3

Substituting the following values
Hy = 0.3, u,=04and Wy=1kN

03x0.4x Ws/3+04x1+03W, = J3

0.208W, +0.3W, = /3 -0.4

or 0.508W, = 1.33
W, = 2o 562kN
AT 0508

Example 3.6 L Two loads, W, and Wj resting on two inclined rough planes AC and BD are
connected by a horizontal bar PQ as shown in figure. If the W, is equal to 100 N, then determine the
maximum and minimum values of W, for which the equilibrium can exist. Take angle of friction for both

the plane as 20°.




Solution:

Consider the case first for the maximum value of Wp. In this case load W, will be at the point of
sliding downwards where as the load W, will be at the point sliding upwards. The friction force acts
in the opposite direction of motion and resultant force is inclined at an angle ¢ = 20° from normal to
plane as shown in figure (a) for both weight.

WB
T e L
T T ‘,
R~ =
' 45° 30
Rg
o Re Fig. () Fig. {c)
Fig. (a)
Applying Lami’s theorem for weight A (figure (b)) S
T R, A
sin(180° - 45°~¢) ~ sin90° ~ sin(90° + 45° + ¢)
. - cos(45° + ¢)
or I'= W,tan (450 +¢) ()
Applying Lami's theorem for weight B (figure (c))
T Ry Wa
sin(180° - 30° +¢)  sin90° ~ sin(90° + 30° — ¢)
r W,
e Y = H — —.,..B____
o sin(30° - ¢) 57 cos(30° - ¢)
B sin(30° - ¢)
o T="Ys cos(30° — ¢)
or T = Wgtan (30° - ¢) (i)

Since the thrust in the bars oblained in equation (i) and (i) is the same, therefore equating both
equation we get

W, tan (45° + ) = Wy (tan 30° - ¢)

tan(45° + ¢)
W, = W,——_. %/
o B Atan(30° - ¢)

I

.. (i)




This is maximum weight so denoting by max

tan(45° + ¢)
W, =y, Ao+ o)
B max Atan(30° - o)

Here W, = 100N and ¢ =20°
tan(45° + 20) tan65°
Thus Wg e = 100l = 100 ——
pmex tan(30° - 20) tan10°
2.144
or Wa ok = 1000.176 = 1218 N

In the case of minimum value the load W, will be at the point of sliding upwards where s the load W,
will be at the point of sliding downwards. In this situation direction of friction force change to opposite
as in case of previous for both load as shown in figure (d).

Fig. (d)
We can get the equation for this case by substituting ¢ — —¢. Thus substituting ¢ — ¢ in equation (jii)
we get
tan(45° - ¢) tan(45° - 20°)
WBn' = VA =100
b tan(30° + ¢) tan(30° + 20°)
tan2h5° 0.466
Imin [ — = 100-~>m = .
of W/ﬁ min 100 fana0° 1191 391N

Thus minimum force in 39.1 N

coefficient of friction between the ladder and floor and the frictional force acting on ladder.

Solution:
As per problem statement the configuration is shown in figure. (a)
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Fig. (b)




From geometry of figure (a)
BO = J10?-6° =8m

an =2 g
_2_ m

Since ladder is a just about to slip so friction force acts in the opposite direction of motion. All force
acting on ladder has been shown in figure (b) and ladder is in equilibrium under these forces. Since
vertical wall is smooth so there will be no friction force wall and end B of ladder.

Resolving forces horizontally, Hg = A, = R: ()
Resolving forces vertically, Ay = W )]
Taking moment about point A we get
or RgxBO = Wx AN
Rgx8 = Wx3
3w
R, = —
5 5 s (iii)
From equation (i), (ii) and (3) we get, '
' ' 3w
= = uW
8 SR 48
o -2 _oss
o SN . 8
‘ ; e AW 3x4
Friction force is equal to WA, = Re=Rg= 73* =T =1.5kN
>Exam'p'lé 3 A ladder of 6 m length and GO'N‘ Wei‘ght rests on a horizontal ground and

againsta smooth vertical wall-at an. angleﬂgtzgiw1thihewvepneaL Whenaman@f 50-N-stands-on-a-ring—
2 m from the foot of the ladder, it is on the point of slipping. Determine the coefficient of friction between
the ladder and ground.

Solution: v
As per problem statement configuration is shown in figurc (a). Herc man is at point C. From geometry

of figure (a) we get




AB =6m AG = 3 m (G: centre of gravity)
AC =2m ABO = 20°

BAO = 70° AM = AC cos 70° = 2 cos 70°
AN = AG cos 70° = 3 cos 70° AO = ABcos 70° = 6 cos 70°
BO = ABsin 70° = 3sin 70°

Since ladder is a just about to slip so friction force acts in the opposite direction of motion. All force
acting on ladder has been shown in figure (b) and ladder is in equilibrium under these forces.

Resolving forces vertically R, = 50+60="110N ..
Resolving forces horizontally Ry = uR,=n110 (i
Takihg the moment about point A we get

Ryx BO = 60 x AN + 50 x AM

or Ry x 6sin70° = 60 x 3cos70% + 50 x 2 cos70° .

_ BARgtan 70° = 280

L 280

o L Rg = Stan7oe = 17 N ... (i)

From equation (i) and (iii) we get.

o 0p = 17

’ . — _1_;7_ — O 1(’4
h= 135 =015

A uniform ladder of weight W rests with one end
againsta ruh inclined plane of angle o with the horizontal and other end
against a smooth vertical waﬂ as 'shb’wn in figure. If the ladder be at @ with
the horizontal and is in Iimitihg equi!ibrium, prove that.

2tan 0 = cot (¢ - a)

Where ¢ is the angle of limiting friction between the ladder and
the inclined plane.

;I':'_xample; 3.9

Solution:

Let u be coefficient of friction between inclined plane and ladder where
Wn=tan¢.

Figure show the all forces acti.g on ladder.

Ladder is in equilibrium under all these forces.
Resolving forces vertically
W= R,coso -+ pH,sina

or W= R,(cosa+sino)
Resolving forces horizontally

R,sino+ Ay = uA,coso
or Rg = R, (1 cos o~ sin o)
Taking moment about point A we get

Wxécose = HgxLsin®




W
57 2tane
Eliminating R, and R, from equation (i) and (iii) we get

or

- (iiD)

Cosa + [ sino

2tan g = "
L COS — Sino
Substituting L= tan ¢
' cosa + tanosino
2lan® = tangcosa — sina
COS$Coso + Sindsin Cos
or 2tanf = — L OH. ¢ 2 - S08 ((l) OL)
SiNGCosa ~ sina.cosy — sin(¢ — oc)
or 2tan® = cot (¢ - o) Hence proved

"»"l':'x"amble 3.'10"" A block welghmg 500 N, over Iymg a 10° wedge on a horizontal floor and

leaning against a vertlcal wall, is to be raised by applymg a horlzontal force to the wedge. If the coefficient
of friction between all the surface in contact to be 0.3, determr; "_'k’che mlmmum horizontal force required

to raise the block.

Sojution: : , L s
As per problem statement the configuration is‘shoiv'vn;,:’yn,jﬁg‘ure'(ﬁa). |

Surface B

Surface B

Surface A

Fig. {a) Fig. (b)

i

Here H=.03=tan¢

or ¢ = tan'0.3=16.7°

Here friction force acts in opposite direction of the

motion. Thus normal resultant force will be inclined 500N
16.7° from the normal to plane due to friction. Figure Fe

(b) show the all forces acting on system. 500 N
Now consider the equilibrium of block A. C(b\(\l

Itis in equilibrium under the action of the following

force as shown in figure (c). 10° V0N Ry
1. It's weight of 500 N acting downward. Fig. (d)

2. Resultant force on surface C, R/,
3. Resultant force on surface B, Hp Fig. (c)




Applying Lami’s theorem (figure (d))

Rs Re ~ 500
sin(90° —~¢) ~ sin(180°—~10°—¢)  sin(90° +10° + 2¢)
As Re 500
cos¢ ~ sin(10°+¢) cos(10%+2¢)
Rs Ry 500
Thus cos16.7°  sin26.7° cosd3.4°
Ry = 500°2210-7" _g5g 14N
c0s43.4°

Now consider the equilibrium of wedge. It is in equilibrium under following forces (figure (e))
1. Reaction Rjinclined angle ¢ with normal to plane.

2. Reaction R, inclined ¢ from vertical.

3. Force F.

Using Lami's theorem (figure (f))

R, F

As _
Sin(90° 1+ ¢)  sin(90°+ ¢ +10°)  sin(180° - (2¢ + 10°))

o Rs Ra F
coso cos(¢ +10°)  sin(2¢ + 109)

Substituting the value of Rjand ¢

659.14 F
cos16.7  sin(33.4°+ 10°)
Foop59.145093 % 47083 N
cosl16.7

;?x'ampl Determine the required force P

to be aplied on wedge A for its impending motion down

- the plane as shown in figure. Assume the coefficient of

B
friction of 0.3 between all the contact surfaces.
' 9 kN A
Solution: e 5 KN
Here = 03=tan¢ &

Thus angle friction ¢ = tan™' 0.3 = 16.7°
Friction force acts at all point of cohtact and reaction will be inclined angle ¢ with normal to plane.
Figure (a) shows all forces acting on system.




Now consider the equilibrium of block A. Figure (b) shows all forces acting on this block and figure (c)
is the force diagram.

9 kN
J 5 kN 9 kN 5 kN
' Ry
¢ v P
:2 R, R R, R
R1_~“>«-.—R1 (p A
Fig. (c)
o \Rs o \Fa
Fig. (a) Fig. (b)

Applying Lami's theorem

Ay _
sxn(180° o)
or ; T =
sing.
or .
A= 520 _5tan 16.7°= 1.5 kN
cos¢

Now consider equmbnum of block B. Figure (d) shows all forces actlng on: thlS block and figure (e) is
the force diagram. Because of four forces we wnlt use method of resolutlon

9 kN
Ko
_‘lﬁ B e R1
Fig. (d)

Resolving forces vertically
9+ H,sing = R+ Rgcos )

Resolving forces horizontally

. R,cos ¢ = Rgsing

Dividing equation (i) by (ii) we get

- A
Ry sing + 9
Substituting values of ¢ and R,
A : - 1.
px0956-15
R, x 0.287 + 9

or 0958 R,~ 1.5 = 0.086 R, + 2.7




or 0.872R, = 4.2

or R, = 4.82 kN

Now consider the equilibrium of wedge C. Figure (f) shows all forces
acting on this block and figure (g) is the force diagram.

Applying Lami’s theorem

Ry Ry

¢
76°
R

p Fig. (g)

Sin(90°+9)  siN(180°=70°+¢)  sin(90° + 70° — ¢ - ¢)

R Ry P

or

Substituting the values of R, and ¢, P=R,= —Cg—i(é%g:-%))

480 % 09836.6
sin53.3

it

or P

cose  sSin(70°—¢)  cos(70° - 20)

= 4.83 kN

f«Exa_m'p'lé,. ,3‘12_-f Determine the range of force Ffor which it will

keep the load as shown in figure in equilibrium. Coefficient of friction
between rope and pulley is 0.2, '

Solution: ;

Figure (a) shows the all forces acting on system. The range of the
force F for which it will kept the load in equilibrium may either tend to
move the pulley in the direction of applied force or in opposite to the
direction of applied force F.Let range of applied force be from £ to
Fmax' .

Consider the situation first when system tends to move in the direction
of applied forcei.e. Fis F_ .

Iy = Feand T, =2kN

2 max’
‘ T
In this case 2 = o
T
F
max. 020
Or - e g
2

Consider the pulley shown in figure (a). It can be easily seen that the
angle of lap of belt over the pulley is 90°

{

F

&
X

AT

Fig. (a)

x 025"
=26 2 =274kN

min*

Thus Foax = 2¢'
Now consider the case when system tends to move in the direction of 2 kN i.e. when Fis F
In this case To= 2kN, T,=F. and 7> T,
Thus Il = pHo
Ty
0.2x"
or 2.
F;nin
2
Fmin = -0inr ~ 1.46 kKN

e

2 kN

b



Objective Brain Teasers

Q.1 Arrange the following contacting surfaces in
increasing order of coefficient of static friction
(i) metal on metal-
(i) rubber on concrete-I D $ ko
(i) metal on stone-I| 2k
(iv)  stone on stone-V. _ 307
@ v H
) Y Q.5  Find the acceleration of the block of mass Min
() 0 | v the situation of the figure. The coefficient of
(d) m 1 v friction between two blocks is p, and that
Q.2 Two blocks A and B are connected through a between the bigger block and ground is p,.
string. Weight of each block is 50 N. Cosfficient ‘ o ‘
of friction between each block and floor is 0.3.
An inclined force Pis applied to start sliding of
the system. What is the minimum value of P
required? s S
50 N 50N P
A g -1Q=30"
m
W=03 1=03 (a) %%
IVI&
@ 34.64N (b) 3121 N it
(c) 29.53N (d) Nore of these o 2MAum
) Mrmie, -
Q.3 Auniform ladder of weight 100 N leans againsta
smooth vertical wall making an angle of 60° with (2m—po (M+m))xg
it. The other end rests on rough horizontal floor. (c) M+ m(5+2(u1 —Mg))
The friction force that the floor exerts on ladder is
to (M+m)
N. (d) —F——xg
m(u ~Hy)
607 ANSWERS
1. (@ 2 (c) 5. (c)
/ v
/ ®  Hints & Explanation
1. (a)
Q.4 If the tension in the string in the figure is 16 N Metal on metal 0.15-0.6
and the acceleration of each block is 0.5 m/s2, Rubber on concrete 0.6-0.95
The value of friction coefficient p, is Metal on stone 0.3-0.7
. (Take g = 10 m/s?) Stone on stone 0.4-0.7




(c)
15+ 15-0.15P = 0.866P
0.866 + 0.15P = 30

po 9 _ogm3n
1016

(86.6)(85 to 87)

N1
- A
60°
N, . w
B f C 0]
Now N, = f
N, = W

Taking torque about B,
N, x OA = W(CB)

N, x OA = W(%) X 8in60°
174 ‘
= N, x ABcos60° = —2—(AB) $in60°

!
ey /\/1 - g/“tanESO"

f o= N, = 1—guo«xtanGO"

= 86.6N

(0.077)(0.057 to 0.059)
T=16N

4 %05 \

\\“’ZZR
49
= WH+4x05+16-4gsin30° =0
= L,20J3 +2+16-20 =0

2
=, = 203 =0.077

(c)
Let a be acceleration of M towards right.
-~ Block m must go down with acceleration 2a

For mass m body.

T1
R, Ry ma
¥ mg
(as block m also move right with acceleration a)
Now, H, = ma (1
Again 2ma + T- mg + wH =0
=5 I'= mg-(2+u)ma ..(2)
Consider bigger block.
R2
N ——
1111/?1
Ma N B
R, ;
P T
LT
=1 + weF, + Mg - H, =0
= R, = T+pyma+ Mg
= (mg-2ma w,ma)
+ pyma + Mg
= R, = Mg+mg-2ma ..3)

Again from FBD-2

=» 2T =ma+ Ma + 1, (Mg + mg - 2 ma) (4
Equation (4) and 2 x (2)
= (M+ m)a+,(Mg + mg - 2ma)

= 2mg-2(2 + p,)ma

= 2mg-u,(M+m)g
(2m-po (M+m))g
M+m(5+2(ny-py))




Q.2 A bar of weight 800 N, 8 m long rests on a
stationary support A and on aroller support at B,
as shown in figure. The static coefficient of friction

Q.1 A packing crate of mass 45 kg is pulled by a atAis 0.4, vvhilethg dynamic coefficient foriction
rope as shown in figure. If the coefficient of friction ofroller support 5is 0.20. If support B is moveq
between crate and rope is 0.3, determine (a) the at constant speed z‘owards left, how far does it
magnitude of pull Prequired to move the crate, move before the bar begins to move.

(b) whether the crate will slide or tip.

800 N =020

P
Rope

! 8m I

—o09m—mu®




