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Topic - Free Body Diagram



Free body diagram:

such a body which has been seperated or isolated from the
surrounding bodies is called free body

Similarly, we will draw the free body diagram at B and C, the
figure shows two weight attached at B and C ,connected by a
string ABCD,supported on ceiling at Aand D
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¥Free body diagram at 73
The forces acting at B arc.-
(1) Weight of the body attached at B, acting downwards, let it be Wy,
(ii) Tention on string A#3; acting at B and towards 4, let it be 74,
(111)  Tention on string BC, acting at & and towards €, let it be 7
These forces are shown

Frece body diagram at
The forces acting at ¢ arc
(1) Weight of the body, attached at €, acting downwards Ict it be W
(11) Tention on string C8; acting at € and towards B let it be 75
(111)  Tention on string C'D, acting at (C and towards /2, let it be Ter.
These forces arec shown
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2 To f'md the unknown ;forces atzf.Bi;andiégit); apply the eq'uatlons of equnhbnum




Action and reaction

For the condition of equilibrium , action and
reaction are equal, collinear but acting in
opposite direction,
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Free body diagram examples

Bodies under equilibrium
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Free body diagram
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Example sums :

An electric light fixture weighing 150 newtons hangs from a point C, by two strings
AC and BC as shown in fig Determine the forces in the strings AC and BC.
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Solution

The free body diagram at ¢ is drawn in fig 3.17

e = Tension in the string, (/5. from (' to 1
Tca = Tension in the string (A, from (" to A

Fron‘.l'thc geometny of the figure, the angle between ¢y force and 150 N is 1207, angle
between 74 force and 150 N is '

ke 1357, angle between 7y and Tep is. 360 — (120+ 133) =
now. by applymg lami’s equation at
e _ _Tca 150
sin 135 sin 120 sin 105
_ 150 sin 135
Ten sin 105 = 10981 N
= ;
svid Ty = 150 sin 120 _ 134 49N

T sin 105
Aliter

The above problem can also be solved by applying cquations of equilibrium at C.

The angle of 7z force with Horizontal is 30°; and the angle of T-4 forcc with honzontal
is 45°

Applying TH =0 (— +)

ic., Ty cos a5 — Tep ©oOs 30 = 0
T q COS 45 = Tpceos30
or 0.707 fca = 0.866Tcp - ITca=1 224 Tegn PORSSEPISACURET )
Applying =¥ =0 (T 2™ L ® o e »
- - o -0 ==
7 - sin 45 + T S 30— 15 -
- lving the cquations (1) and (2), two unknowns 7y and T -z can be detcrmined
l 3 - -
i Sub fca ~ 1.224 Tp in egn (ii)
ic., 0.866 e v 0sSTen — 150
1.366 Y.C‘B = 150
Tfen = 17281N
now Tea = V224 7cs

I

1.224 + 109.81
= 13441 N



A smooth sphere of weight W is supported by a string to a point A on the smooth vertical wall

the other end is in contact with the point B on the wall as in diagram, If the length of the string
AC is equal to radius of the sphere find the tension in the string and reaction of the wall

— = A smooth sphere of weigher W is supported By a string fasterned’
fo a point A ornn the smoorh vertical wall the othier end is in
conract wirth poirne I3 ornr the wall as shown in fig 3. 78 If the
fengrh of tHhre string AC is equal to the radius of the sphere, find
e fensiors in the strine and reactiorr of the wall
Solution
Givenn datzs

Lot

radius of sphere. OB =

Length of strning,. AC
Wcight of sphere = B
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T2 — Tension in string. from C tc 4
RB —

Reacuon of thc wall at 2, (at the point of contact ),

normal to the wall.
These forces are shown in fig S
shown in fig. = i

> the force system at O is coplanar concusrrent as
I ct the ang!l . of T4 force with horizontal is ©.
In nnght anglcd tnngle AOFB,

OA*O(?~CA = - r = 2r and OB =— »
P e . R
B e o
© = cos ' = so°
Applyving 25 = O at O_
N Ry — T cOS e = O - )
Y Applyving T¥ = O

i ol = 10
1.€ . Teqsin© e



4= e = 1 1SSW
Sub 7y = 1.155 W in equation (i)

1€, Rg—(1.155W x cos60) = 0

Rg = 0577 W
Tension in the string = 1,155 W

and Rcaction of the wall = 0577 W

( Aliter )

The above problem can be solved by Lami’s theorom also.
But, in Lami’s theorem, three concurrent forces, must act outwards.

Hence, the forces shown in fig 3.19(b) is taken as below. ~
. the. angle between T4 and W is (90 +6) = (90 + 60)
= 150°
I"Y the angle between T4 and Rg is (180-8) = (180-60) = 120°
and the angle between Ry and W is 90°

applying Lami’s theorem at O

Tea _ R _ W
sin 90 ~ sin 150  sin 120
W sin 90
Ty = ;nm = 1.155 W
inl5
and Ry = D o gy

sin 120

Tca

6=60° /)

Re



Two identical rollers, each of weight 50N, are supported by an inclined plane anq
vertical wall as shown in fig. = Find the reactions at the points of supports A, p
and C. Assume all the surfaces to be smooth.
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Free body diagram of roller (2)
The forces acting on roller (2) are shown in
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angles or ¥prE and R4 with horizontas are 30° and 60° respectively

The
now, applying the equations of equilibrium at E,
TH =0
ie., Fpp cos 30 — R4 cos 60 =0 ... ()
v =0
ie., Fpgsin30+Ry sin60—50 = 0 (1))

Solving the equations (1) and (ii) #pg and R4 can be determined.

From eqn. (i)
Fppcos 30 = Rgcos 60
R cos 60

or Fpp: = oady. = 0.577 Ry,



Sub Fpe

0577 R4 in cgn (ii)
(OST7T7T R ~0.5) + (O.BGOG R,

= 350
1.154a R, — 350 . R4= 43 32 N
D Fpr = 0577 R4
= 0577 (43.32) = 25 N
Free body diagram of roller (1)
. 50N Fen= Foe SON
3/"" ! e FED y
¢ ,,‘ “ ~N
25 tt - ) - RC 30°
N S
% o=y, €9, o
(=) (L)
The forces, acting on roller (1) are

shown in fig.
and Rz with horizontal are 30° and 60° respeccuvely (shown in fig. 3.31b).
Fr;.E = 25N.

The angles of Frpn (or #4,

Note that, Fryps =
now. applying the cguations of egquilibrium at 7).
P = g

= 0 = -— 235 cos 30 — Rg cos 60
ZVy =90

R sin 60 — 25 sin 30 — 50

= 0 e A
= O )

—
Frem cgn. (ii).

Rp sin 60 =

S50+ 2S sin 30 = 62 5

) = BES.
= Rg . €0 7217 N
Sub Ry = T72.17N in egn ()
R~—25cos30 —72 .17 cos 60 = 0O
= Re- = ST I3 N
Result:
Rraction at A = 4332 N
Recaction ar B = 7217 N

Reacuon at (C = S7 73 N



A circular roller of radius 20cm and of weight 400N rests on a smooth horizontal
surface and is held in position by an inclined bar AB of length 60cm as in diagram. A
horizontal force of 500N is acting on B. find the tension in the bar AB and reaction C

B SOON
— > —— — _O'.
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Q\\\\ 400N = :
e e -
. g fie,
(a) (b)

Solution:

In right angled triangle 4ABC,

Length of bar 48 = 60 cm
Radius BC = 20 cm
Let “BAC = ©
sin©® = £ =20
AB 60
or © = sin! (é% = 19.47°

The Forces acting at centre of roller are shown in fi;
754 = Tension in the Bar 4B, acting at B and towards 4.
Applving equations of equilibrium at B.
=H = O
500 — T4 cos 1947 = O

500 4
I'Ba = Ccos 19.47 i
VvV = 0
R~ — 400 — T'pasin 19.47 = 0
oF R — 400 — (53032 s 1947) = 0O
2 R~ = 576.76N

Tension in the bar 530.32N. and

576 76N.

Reacuon at C



Inree smoorhr pipes each weigning 20KN and o)
diameter 60 cm are to be placed in a rectangular
channel with horizontal base as shown in fig 3.33.
Calculare the reactions ar the poines of contact bethveern
the pipes and betrween the channel and the pipes. Take,
width of channel as 160 crm.

In tmangle ABC,

Side AB = 160 — DA — BG
= 160 — 30 — 30
= 100 cm
AC = BC = 2 x radius
= 2x 30 = 60 cm

Draw a wvertical line through C, perpendicular to A8, to
now. in right angled triangle BAIC

BAM 50
cosQ = HT T 60
—1( S0

or 0 = cos G0 = 33.55°

DA = BG = radius

intersect at Af.

= 30 cm



Free-body diagram of pipe (3)

The forces acting on pipe * &N
only the forces acting over the pipe (3). ie, Fuc. Fpc and sclf
\\'clght 20 KN arc drawn: Fep and Feg should not be
considered). '

Now, applying the cquations of equilibrium at C,

SH =0

F4ccos 3355 - Fgrcos33.55 = 0
or Fgye = Fpc - (i) SOIH
=V =0
F4csin 33.55 + Fgesin33.55-20 = 0 .. (ii)
Sub F,4 = Fpc in equation (ii)
Fgcsin 33.55 + Fgcsin33.55-20 = 0O
or 2 Fpcsin33.55 = 20
Fge = 18.09 KN
From eqn (1) Fqc = 18.09 KN
Freebody diagram of pipe (1)
f  (Here, the force acting over the pipe,

The forces acting on pipe (1) arc shown in fig
ic., Fr4 is considered; &4 should not be taken)

But FCA = l:AC = 18.09 KN
Now, applying the equations of equilibrium at 4, o"’i“
EH = 0 AX
c )
Ry — I q cOS 33.55 = O Rp 33.55
or R —18.09 cos 33.55 = 0 ‘
20KN
o2 = 15.07 KN '
sV =0 t
= 0 RE

Ry — 20 — Fyq sin 33.55
or Ry — 20 — 18.09 sin 33.55= 0
Rp = 30KN.

Similarly. the free body diagram of pipe (2) is analysed for unknown forces R and Ry



But. duc to symmetry. we get
R; = Rp= 1507 KN and Rp = Rg = 30KN

Result.
Roeaction at D = 15.07 KN (=)

15.07 KN («-)
Reaction at 30KN (T)
and. Reacton at ¥ = 30 KN (1.

Q
I

Reacuon at

=~
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Thank You..



