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EQUILIBRIUM OF A RIGID BODY & FREE-BODY
DIAGRAMS

Objectives:
Students will be able to:

a) Identify support reactions, and,

b) Draw a free-body diagram.
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READING QUIZ

1. If a support prevents translation of a body, then the support exerts a
on the body.

1) couple moment

2) force

3) Both 1 and 2.

4) None of the above

2. Internal forces are shown on the free body diagram of a
whole body.

A) always
B) often
C) rarely

D) never

APPLICATIONS

A 200 kg platform is suspended off an oil rig.

How do we determine the force reactions at the joints and the
forces in the cables?

How are the idealized model and the free body diagram used to
do this?
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APPLICATIONS
(continued)

e A ssteel beam is used to support
T roof joists.

How can we determine the
support reactions at A & B?

W RS A

How can we make use of an idealized model and a free body
diagram to answer this question?

CONDITIONS FOR RIGID-BODY EQUILIBRIUM

| (Section 5.1)
450N
on D coONtrast to the forces on a particle, the
: is . forces on a rigid-body are not usually
% concurrent and may cause rotation of the
body

750 N

(due to the moments created by the forces).
Forces on a particle

F, F,

For a rigid body to be in equilibrium, the
net force as well as the net moment
about any arbitrary point O must be
equal to zero.

2F =0and 2 M,=0

" Forces on a rigid body
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THE PROCESS OF SOLVING RIGID BODY
EQUILIBRIUM PROBLEMS
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Idealized model Free-Body Diagram

(1) For analyzing an actual physical system, first we need to create
an idealized model.

(2) Then we need to draw a free-body diagram showing all the
external (active and reactive) forces.

(3) Finally, we need to apply the equations of equilibrium to solve
for any unknowns.

Free Body Diagrams
(Section 5.2)

External forces only
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FREE-BODY DIAGRAMS
(continued)

¥ 1200N
}-; 2m
x A Effect of applied
force acting on beam

— ree— 76"7 rr—— - 1

A, I — et —
Effect of fixed

G A
support acting
on beam M, L__ 3m
Y 931N
‘L_ = 6m —q Efl:ect of gravity (weight)
acting on beam
Idealized model Free-body diagram

Label loads and dimensions: All known forces and couple moments
should be labeled with their magnitudes and directions.

For the unknown forces and couple moments,

use letters like A, Ay, M,, etc.

Indicate any necessary dimensions.

SUPPORT REACTIONS IN 2-D

N of A

cable roller

As a general rule, if a support prevents translation of a body in a gfvén
direction, then a force is developed on the body in the opposite direction.

If rotation is prevented, a couple moment is exerted on the body.
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SUPPORT REACTIONS IN 2-D

Types of Connection Reaction Number of Unknowns
1)
% IN One unknown. The reaction is a tension force which acts
F away from the member in the direction of the cable.
cable

@
‘}’N 0 or 4 One unknown. The reaction is a force which acts along
i g the axis of the link.
F F

weightless link

/ One unknown. The reaction is a force which acts
perpendicular to the surface at the point of contact.
eé o,
F

roller

4)
ﬁ % OF W One unknown. The reaction is a force which acts
9 F E perpendicular to the slot.

roller or pin in
confined smooth slot

3)

continued
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SUPPORT REACTIONS IN 2-D

Types of Connection Reaction Number of Unknowns

(©) /‘
& 0 One unknown. The reaction is a force which acts
perpendicular to the surface at the point of contact.
F

rocker
(6)
One unknown. The reaction is a force which acts
of [ perpendicular to the surface at the point of contact.
smooth contacting
surface F
or
One unknown. The reaction is a force which acts
(2 [ perpendicular to the rod.
F

member pin connected
to collar on smooth rod

continued
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SUPPORT REACTIONS IN 2-D

Types of Connection Reaction Number of Unknowns

(8) F 3 F
4 Two unknowns. The reactions are two components of
0 or (] force, or the magnitude and direction ¢ of the resultant
@\ {
2 BB F,

force. Note that ¢ and ¢ are not necessarily equal [usually
not, unless the rod shown is a link as in (2)].

smooth pin or hinge

"A S
\ ( Two unknowns. The reactions are the couple moment
M and the force which acts perpendicular to the rod.
F
member fixed connected
to collar on smooth rod
(10)
F, F
1‘ F gd’ Three unknowns. The reactions are the couple moment
= —> | ; or — and the two force components, or the couple moment and
M M the magnitude and direction ¢ of the resultant force.

fixed support

© 2007 by R. C. Hibbeler. To be published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, New Jersey. All rights reserved.
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EXAMPLE
Given: An operator applies 20 1b to the
foot pedal. A spring with
k =20 Ib/in is stretched 1.5 in.
Draw: A free-body diagram of the foot
pedal.
201 201b F,
B ——ISirln B 301b 1 5: in.
l‘in 1 in
: '—ir o -~
5in i
The idealized model The free-body diagram
14
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1.

CONCEPT QUIZ

()
)

The beam and the cable (with a frictionless pulley at D) support
an 80 kg load at C.

In a FBD of only the beam, there are how many unknowns?

1) 2 forces and 1 couple moment

2) 3 forces and 1 couple moment

3) 3 forces

4) 4 forces
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PROBLEM SOLVING

Draw a FBD of the 5000 Ib
dumpster (D).

It is supported by a pin at A
and the hydraulic cylinder BC
(treat as a short link).
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PROBLEM SOLVING

Draw a FBD of the bar,
which has smooth points of
contact at A, B, and C.
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ATTENTION QUIZ

2. How many unknown support reactions
are there in this problem?

40 Ib/ft

1) 2 forces and 2 couple moments

2) 1 force and 2 couple moments A ‘ \/
3) 3 forces L——.@ ft —|

4) 3 forces and 1 couple moment

18
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EQUATIONS OF EQUILIBRIUM
(Section 5.3)

* A body is subjected to a system of forces that
lie in the x-y plane. y E
* When in equilibrium, the net force and net l 3
moment acting on the body are zero F,
(as discussed earlier in Section 5.1). F1\
* This 2-D condition can be represented by the
three scalar equations: 0) X
YF,=0 YF=0 XM,=0 1

Where point O is any arbitrary point.
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EXAMPLE
' 8 ft |

780 1b

Given: The cantilevered jib crane is used to support the
load F. If the trolley T can be placed anywhere in the range
1.5ft<x<7.5

Determine the maximum magnitude of reaction at the
supports A and B.

Note that (1) the supports are collars that allow the crane

to rotate freely about the vertical axis.

(2)The collar at B supports a force in the vertical direction,
whereas the one at A does not. 2
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EXAMPLE
i 8 ft i = b o
B B
20
T %0 @ o) 2 B“‘_‘ G
T ! ;
T B-T - j/
a
4 ft F
e N i
The free-body diagram
A, A
R 780 b
A
21
f 8 ft |
y EXAMPLE
4 ft
780 1b
| The maximum occurs when x=x,
&. IM,=0; —Fx>+Bea=0
X2
By =F—
a
By = IR0y The free-body diagram
I s F=0 A -Bi-0 Ay = By Ay = 1462.501b
HMLF=0: By -F=0 By =F By = 780.001b
Fg =B  +B,° Fp = 1.66kip 2
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