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Friction Force- Tutorial

Determine the magnitude and direction of the friction force acting on the 100 kg block shown if. first P =
3500 N and second. P = 100 N the coefficient of static fiiction 1s 0. 2, and the coefficient of kinetic
friction 1s 0.17_ the forces are applied with block mifially at rest

Solurtion-

There is no way of telling from the statement of the problem whether
the block will remain in eguilibrium or whether it will begm to slip
following the apphication of P. 1t is therefore necessary to make an assumption which take the friction
force to be up the plane. as shown by the solid artow.

>FE =0 Pcos20°+ F —981sin20°=0 ...(1) A
3 F =0 N —Psin20° —981cos20° =0 .....(2) ‘~'l°0‘9'81'=981N
: it
Casel P=300N
Substitution P in equation 1 and 2. S
= —1343 N

The negative sign refers to if the block In equilibrmum._ the c_i"é’O’
friction force acting on it 1s mn the direction opposite to that
assumed and therefore is down the plane. as represented by the dashed armow.

from egquation (2) N = 1093 N
The maximum static fiiction force which the surface can support is:;

Frar — 24N — 0.2(1093) — 219 N
Since this force is greater than that requmred for equilibrmum_ therefore the block remain at rest and the
firiction force is domected down the plane_

F = 134.3 N (down the plane)

Case Il P=100N
Form substitution P in equation 1 and 2 of equilibrium_
F =242 N and N — 956N

But the maximum possible static friction force is:

Fgx — N = 0.2(956) = 1912 N
Since the maximmum possible static fiaction force is less than that required for equilibrium therefore the
block is shp down the plane and the correct value of fiaiction force is obtam by using the kinetic
coefficient of fiichion.

Fy = pupN = 0.17(956) = 162.5 N (up the plane)




Friction Force- Tutorial

The uniform crate shown in the figure has a mass of 20 kg. if a force P = 80 N 1s apphed to the crate,
determune the fiaction force and its location if it remains mn equilibrmum The coefficient of static fnction 1s
u, = 0.3.

- NXm -

= = R0
Solution - PN

Free — Body Diagram.

The resultant normal force N must act at a distance
x ffom the crate’s center line mn order to counteract
the tipping effect caused by P.

Egunanons of Equilibrium.
-
—=YyYFKE=0 80cos30°—F =0 ~F =693 N
+TXRK =0 Ne— 196.2—80sin30°=0
Ne = 236N

ZMO =0
—80co0s30°(0.2) + 80sin30°(0.4) + Ns(x) =0
<~ x=—0.00908m = —9.08 mm




Friction Force- Tutorial

Exaenplie £ 5 = & 3
Ths bBomwosensous r=ctansulisr DIock of mass mr, wicah & and "
bB=aghs 5 = placed on the hbormmzormal surfoce and subjectad 1o a |
borizontal Sorce P whach mowves the block alons the sursace with | i g
a consrarg welocity. Thes coeffScent of Einetic Sacroon Derwesn Fr T ?

the block and ths sariace s o, Destesomuns {(a) the sreatess vans | - 7e
wharh b moay hbave so thar the Dlock will shids wnthouar oppins ~
over and (b)) the locatomn of & poimnt C oo th= bottomm face of the= |

block throush winch thes resullanrs of the STxtiom and Doszeal =
focces acts if A = HOT
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(3) Wah th=s block on the verse of tippane
BJ2 =
tEn s — = — = —
e = e

IT A& wwere gr=ater than this valbis= momsnrs sgunlhibrioon about A would nor e sarssTSeaed amd rthes block
would TIp over.

Amorher merBhod

>2F =0 N —mmg — O = N — wmg
T FE =0 Fo — P = = P = Fp = paN = p.mg
>ZxM,— 0O
— ~ _wmgdb wnmgdb B
Ph—mg(%)—o o - - "
) Wah h =K 2
= —tan& — g, —x = g, HJ2



Friction Force- Tutorial

Ex 1/

Determine the magnitude and direction of the friction force acting on the 100 kg block shown if, first, P=500 N
and, second, P= 100 N. the coefficient of static friction is 0.2, and the coefficient of kinetic friction is 0.17. the
forces are applied with block initially at rest.

Ex 2/

The uniform crate shown in the figure has a mass of 20 kg. if a force P = 80 N is applied to the crate,
determine the friction force and its location if it remains in equilibrium. The coefficient of static friction is 0.3

Ex 3/

The homogeneous rectangular block of mass m, width 6, andheight H is placed on the horizontal surface and
subjected to a horizontal force P which moves the block along the surface with constant velocity. The
coefficient of kinetic friction between the block and the surface is a,. Determine (a) the greatest value which h
may have so that the block will slide without tippingover and (b) the location of a point C on the bottom face
of theblock through which the resultant of the friction and normalforces acts if h = H/2 .







