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Problem based on Friction:

1. A body weighting 1000N is lying on a horizontal plane. Determine the necessary
force to move the body along the plane if the force is applied at angle of 45° to the
horizontal with the coefficient of friction 0.24

Given:

Coefficient of friction u = 0.24
Weight of body w = 1000 N
To find

Soln

Sum of X Direction Force + —» - «——
YF,=0

Pcos45—Fy=10

Pcos45 —uxNg=0

Pcos45 — 0.24 X Np= 0 ---------=n==--- (1)
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Sum of Y direction force T+ -
YF,=0

Ngr — 1000 + Psin45 =0

Nr = 1000 + psind5 =0

Ng value sub in Eqn(1)

Pcos45 — 0.24 x [1000 — Psin45] =0
Pcos45 — 240 + [Psin45 x 0.24] = 0
0.707P + 0.169 P = 240

0.876P = 240
240

P=—__
0.876

P =273N

P value sub in eqgn (2)
Ng=1000— 273 X sin45
Np=806.95N

Problem: 2

A pull of 250N inclined at 25° to the horizontal plane is required just to move
a body kept on a rough horizontal plane. But the push required just to move the body
IS 300N. If the push is inclined at 25° to the horizontal. Find the weight of the body
and the coefficient of friction b/w the body and the plane.

Given:
P1 = pull load = 250 N at 25°
P2 = push load = 300 N at 25°
To find
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300N 250N

w 250 w /250v

Weight and coefficient of friction

Soln
Case (i)
ﬂk
Free body diagram
250 N
W 250 COS 25
4_—

Sum of x directional force + ——» 1+
YF,=0

250c0s25°—Fy=0

250c0s25° —u X Np1=0

226.57 — u X Npy =0

—u X Npy = —226.57

U X Npy = 226.57-----n-nmmmmmmee- (1)
Sum of Y directional force l T+
YF,=0

Ngy — W + 250 sin25 = 0

Ny =W — 250sin25

Nri =W —105.65------------—---- (2)
Sub egn (1), fromeqn (1)

{Npy = 226.57
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226.57
Il =
Npq
_ 22657
© W-105.65 (3)

Case (2) Free body diagram

N,
Sum of X Directional force YF, = 0
Fy —300c0s25° =0
UNg2 = 300co0s25°°
{Npy = 271.89N---mnn-mmemv (4)
Sum of vertical force[Y direction] }F, = 0
Ngy, — W — 300sin25° =
Np, = W + 300sin25°
Ng, =W +126.78
Ng, value sub in Egn (4)

UNpy = 271.89
271.89
Npg;

271.89
~ Wrizers ()

Eqn (3) =Eqn (5)
226.57 271.89
W —105.65 W + 126.78

‘Ll=
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226.57[W + 126.78] = 271.89[W — 105.65]
226.57W + 28.72 x 103 = 271.89W — 28.72 x 103
226.57W — 271.89W = —28.72 x 103 — 28.72 x 103

—45.32W = —57.44 x 103
57.44 x 103
45.32
W =1267.43N

W =

W value sub in egn (3)
226.57

h = W 10565
226.57

~ 1267.43 — 105.65

u = 0.195

U

Problem 3

Calculate the static coefficient of friction ugb/w the block shown in fig
having a mass of 75kg and the surface. Also find the magnitude and direction of the
friction force if the force P applied is inched at 45° to the horizontal and us; = 0.30

P=300N
\\
Given: ‘
Weight= 75 kg = 75 x 9.81 = 735.75N
To find

Case (i) Coefficient of friction g

Case (i) Frictional force ‘Fy’, Direction @
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Soln

Case (i) free body diagram

[f 'f 1
%cr(c:vv HF_J

Fv YW= 13875 N

SO
Sum of all the X direction force }F, =0

300cos30—Fy=0

300cos30 —uNg=0
UNr= —300c0s30

Sum of all the Y direction force };F, = 0
—300sin30 —735.75+ Np=0

N = 300sin30 + 735.75

Np= 885.75 N

N value sub in eqn(i)

{Np = 259.8

2598 259.8
H="N. 88575

u=0.29
Case (ii) free body diagram

rsi o
5 j 7
P.’C.&uﬁ'—’\— |

———T e FN'

WWZI 735 ;13w

Tee
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Sum of all the horizontal force [X direction] >F, = 0

Pcos45 —Fy=0

—Fy = —P cos45

Fy = Pcos45

UNg = p cos45

Np= pcos45 _ pcos45
U 0.3

Nr =2.35p

Sum of all the Direction force };F,, = 0
—p sin45 — 73272+ Np=10
—px0.7—735.72+2.35p =0
—0.7p + 2.35p = 735.72

1.64p = 735.72
735.72

1.64
p = 447.81N

Np =2.35p

Ng= 2.35x%x447.81

Ng = 1052.37N
Fy=puXxR=0.3x1052.37
Fy=315.71N

Direction @

p:

@ =tan"1[] _
Ng

315.71
@ =tan 1|
1052.37
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Problem 4:

Determine the smallest force P required to move the block B shown n fig below (i)
block A is restrained by cable CD as shown in fig. (ii) Cable CD is removed. Take

us = 0.30 and u; = 0.25

A e v
5o Ka = 5
A e T
€— '
PORSTUN [ruecciler s JSY [Nl

Given:

W, =150kg = 150 X 9.81 = 1471.5N
Wpg=225kg = 225 x 9.81 = 2207.25N

us= 0.3
Ui = 0.25
To find
Force P

Soln

Block A is restrained by cable CD

[ @ewa )

=

Frve
NE,
~

VWA = 1l Ew
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Sum of X direction force ) =0
Tecp—Fy=0

Tep —usNr1 =0

Tep = usNpy

(I VI [ E— (1)

Sum of vertical [Y direction force] }F), = 0

Npi—Wy =0
Np1 =Wy
NR1 = 1471.5N

Ngq value sub in eqn(i)

TCD =0.3 R1
Tep=0.3x1471.3
TCD = 44145 N

Free body diagram of block B

Sum of X direction force
FN5+FNk_p =0
UsNr1 + i Ngz —p =0

P = UsNp1 + peNgo-------- )
Sum of Y direction force

—1471.5 — 2207.25 4 Ngp = 0
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Ngpp, = 1471.5 + 2207.25
Ng, = 3678.75N
Ng, value sub in Egn (1)
p = UsNg1 + ugNg2
p =0.3x1471.5+ 0.25 X 3678.75
p =1361.14 N
(i) Cable CD is removed
Both block is removed

Both the block will consider as a single body

p=Fy

p = ulNg2 = 0.25 X 3678.75
p = 919.68N

Problem-6

Two blocks A and B of mass 50 kg and 10 kg respectively are connected
by a string ¢ which passes through a frictionless pulley connected with the fixed wall
by another string D as shown in fig. Find the force P required to pull the block B.
also find the tension in the string D.

Take coefficient of friction at all contact surface as 0.3°

Given:

Weight of block A W, = 50kg = 50 X 9.81 = 490.5N
Weight of block B Wg = 100kg = 100 X 9.81 = 981N
Coefficient of frictionu = 0.3
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To find

(i) Force P

(if) Tension instring Tp
Soln

Free body diagram of block A

Sum of x direction forces YF,=0
—T-Fy =0
—T.+ uNp; =0
UNgr1 =T,
Tc
Np1 = m
Ny = S o)

Sum of Y direction force Y Fy =0

—WA+ NR1=O

Np1 =Wy
Ngi = 490.5 N
Ngq value sub in Eqn (2)
T
N =
k703
Tc
4905 =__
3
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T.=14715N

Consider block B
free body diagram

H Qo5
ae R Y

L‘\Liqq

e
' - L - 7
: A

—

‘vu‘ “Ih'i_* wa

L

A
| Nea

Sum of X direction force}F,, = 0
p—Tc—Fny1—Fn2=0
p—uUNgy +uNgz =0

p —147.15 — 0.3 X 490.15 — 0.3 X Nz = 0

p —147.15 — 147.04 — 0.3 X Ng; = 0
p —294.19 — 0.3Nz, =0

p =294.19 - 0.3Ng, =0

P = 294.19 + Npy------------- (2)
Sum of Y direction force Y Fy =0
Npo —Wp—-W,4=0

Npy —981 —490.5=0

Npy = 1471.5N

N, value sub in eqn(2)

p = 294.19 + 0.3Npg;

p =294.19+4+ 0.3 x 14715

p = 735.64N
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Tension in the string D:

Tp Tc
ZFx: 0

T.+T.—Tp=0
2T, —Tp=0
2%x14715—-Tp=0
2943 -Tp=0

—Tp = —294.3

Tp = 294.3N
Problem -7

A force of 300 n is required just to move a block up a plane inclined at
20°.To the horizontal, the force being applied parallel to the plane shown in fig. if
the inclination of the plane is increased to 25°, the force required just to move the
block up is 340 N, [the force is acting parallel to the plane]. Determine the weight
of the block and coefficient of friction.

< ' y} r\ C ’ Y
o 3 o
20 '/ e t AR )*
G A
- J._;Cl LTI | -

v !
w We

.
-5
e

Given:

Case (i)

Weight of body w="?

Force on body P= 300 N at 20°inclined on plane horizontal
Case (ii)

Force on body P= 340 N at 25°

To find:

Weight of body & coefficient of friction

ME3351 ENGINEERING MECHANICS



Soln:

Case (i) free body diagram

% [t e

1-- o N,
" ‘\ N' ~NZ L3
40— Sinve
W

t
bw Fos
Sum of X directional force Y Fy=0
300 + wcos70 — Fy=10

300 + wcos70 — uNgp1 =0
—Npg1 = —[300 4+ wcos70]

UNr1= 300+ wcos70
300+wcos70

po= T )

Np1
Sum of all Y direction force Y =0

Ngr1 —wsin70 =0

Ng1 = wsin70------------ (2)

Ng1 value sub in eqn (1)

= M _________ 3)
wsin70

Case (ii) consider block 2

— R
/\. W.'EA'—() 340 Y \
) |

~ A \ | —
v A nd —— e s s s
o~ 1 _/\/f,. I ws're;-¢ 2o Sl
ay0 7
2N * 5

Sum of all the X direction force }Fx =0
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340+ wcos65 —Fy=0
340 4+ wcos 65 — uNg; =0

—uUNp, = —[340 + wcos65]
__ 340+wcos65

Ng2
Sum of all the Y direction force Y} Fy = 0

Npy, —wsin65 =0

Eqgn (5) sub ineqn (4)
_ 340+w cos 65 ------------- (6)

w sin 65
Eqgn(3) =eqgn (6)
300 + wcos70 340 + w cos 65

wsin70 w sin 65

[300 + wcos70] X wsin65 = wsin70[340 + w cos65]

271.89w + w2 x 0.309 = 319w + 0.39w?
271.86w — 319w = 0.39w?2 — 0.3w?
—47.11w = 0.09w?2

—47.11w = 0.09w
—47.11
0.09
answ = —523.47 N

w =

w value sub in eqn(3)
300 + wcos70

H= wsin70

300 + (~523.47)s70
b T (C523.47)5in70
Ans u = —0.24
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Problem 8

A block weighting 360 n is resting on a rough inclined plane having an
inclination of 30°. A force of 12 N is applied at an angle of 10°up and the block is
just on the point of moving down the plane. Determine the coefficient of friction

Given:

Block weight w=36 N
Inclination of the plane @ = 30°
Force on block P=12 N at 10°

"

\
&
A »
¥

To find
Coefficient of frictionu
Soln:

Free body diagram

[ TR T e A e e e e e M e mm o mm o mm e m o m e e e e - -

i
! I
! I
1 = /3~
-~ - =2 A oséo ® |
! \ g i | j2.c08 l
' AW | ol o L IN |
I \ / Le e A I
\ - PPz ' Ne,
: 0] \\. : 36 5nbd !
|
= 1
|

¢ E .,

S zagd K7

Sum of X direction force Y} Fx= 0
—12 cos10 — 36c0s60 + Fy=0
—11.87—-184+ uNgz=0
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—29.87 + uNg=0
UNg = 29.87

Nr
Sum of all the Y direction force };F, = 0
—12 sin10° + Np — 36 sin60° =0
—2.083+Ngp—31.17=0
Ng —33.25=0
Np=33.25N

Ng value sub in Eqn (1)

2987 29.87
H="N. 3325

ans u = 0.89
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