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Chapter Description

Aims
— Toexplain the Equilibrium Equation
— Toexplain the Free Body Diagram

— To apply the Equations of Equilibrium to solve particle equilibrium
problems in Coplanar Force System (2-D)

Expected Outcomes

— Able to solve the problems of a particle or rigid body in the
mechanics applications by using Equilibrium Equation

References

— Russel C. Hibbeler. Engineering Mechanics: Statics & Dynamics,
14t Edition
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Chapter Outline

Equilibrium Equation
Free Body Diagram

Coplanar Force Systems (2-D)
Example
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3.1 Equilibrium Equation

What is

= Equilibrium means the forces are balanced
but not necessarily equal

= |In physic, it means equal balance which the
opposing forces or tendencies neutralize
each other

Equilibrium?

How to know
‘ the body is in

&/

= A body at rest or in uniform motion (velocity) is
in equilibrium

R
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Condition for the Equilibrium of a Particle

~ How to know
the body is in
Equilibrium?

= Particle at equilibrium if
- Atrest

-Moving at constant a constant
velocity

= Newton'’s first law of motion
YF=0
where Y F is the vector sum of

i all the forces acting on the
Ty particle

v . +> 3F=0; Tgcos30°-Tp=0
" ' +1 3F,=0; Tgsin30°- 2.452kN=0
T = 4.90kN

sy Ty=4.25kN

(b}

Condition for the Equilibrium of a Particle

= Newton’s second law of motion
YF=ma
= When the force fulfill Newton's
first law of motion,
ma =0
a=0
therefore, the particle is moving
in constant velocity or at rest

| 4

If the Dynamic )
Equilibrium, the
body move and
continue to move

 Static Equilibriumis
when the body at {
rest

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

10/1/2025

Application of Equilibrium Equation

L ‘m ~ Daylifeaciwviy-
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Communitising Technology

Application of Equilibrium Equation

Measure the
forces and
length of cable

AB and AC

S0 kN

* Measure the

forces to
Measure the forces,
: X . make sure the
direction and size of fiaging doesn't
cable AB 9ging

fail

Communitising Technology
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3.2 Free Body Diagram (FBD)

'~ Whatis Y
. FBD?
.
N AD
Al))—x

forces acting on

" FBD is a sketch |
| selected body TB

to show only the (

Tc

3.2 Free Body Diagram (FBD)

» Best representation of all the unknown
forces (3> F) which acts on a body

» A sketch showing the particle “free” from
the surroundings with all the forces acting
on it
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Spring

= Linear elastic spring: change in length is
directly proportional to the force acting on

it
[=02m = spring constant or stiffness k: defines the
# feiin s elasticity of the spring
s=-02m = Magnitude of force when spring is
k=500 N/m
K 5 elongated or compressed
5=02m =
L
- = where s is determined from the difference in
spring’s deformed length | and its

undeformed length |,
s=1.1, Sk
= If s is positive, F “pull” onto the spring
= If s is negative, F “push” onto the spring

— ConmtEn ednaody

Cables and Pulley

= Cables (or cords) are assumed to have
negligible weight and they cannot
stretch

= A cable only support tension or pulling ¥
force

= Tension always acts in the direction of
the cable

= Tension force in a continuouscable T
must have a constant magnitude for
equilibrium T

= For any angle 6, the cable is subjected
to a constant tension T throughout

its length With a frictionless pulley and cable
T,=T,.

Cable iz in tension

Communitising Technology
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3.3 Coplanar Systems 2-D

F the x-y plane

equilibrium

Fy

: YF,.=0
YF,=0

equal o (zero)

= Scalar equations of equilibrium
require that the algebraic sum
of the x and y components to

= A patrticle is subjected to coplanar forces in

= Resolveinto i and j components for

Communitising Technology

R

Scalar Notation

» Sense of direction = an algebraic sign that
corresponds to the arrowhead direction of
the component along each axis

» For unknown magnitude, assume
arrowhead sense of the force

= Since magnitude of the force is always
positive, if the scalar is negative, the force
Is acting in the opposite direction

Communitising Technology
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Step to draw FBD

Step 1: Sketch
outline shape

Step 2:Show all the
forces that act on body
and indicate the active

(set the body in

motion) or reactive
forces (tend to resist
< the motion) y

[

Step 4: Apply EE and . Step3: Labeledthe
calculate the unknown - known forces
forces( can be write in (magnitude and
letters) direction)
4 S .

Select the correct FBD of Particle A

30° \400
1001b
F1
A 1A B) F2
309 40°
100 A
IE F F2
C) 30° A D) 3 40°
A
1001b 1001b

Communitising
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Using this FBD of Point C, the sum of

F
forces in the x-direction (£ Fy) is_.
201b 50°

Use a sign convention of + — .

lc
A) F,sin50°- 20 =0 F1
B) F,cos50° - 20 =0

C)F,sin50° - F;, =0
D) F, cos 50° + 20 = 0

Example 3.1

This is an example of a 2-D or coplanar force system. If the whole
assembly is in equilibrium, then particle A is also in equilibrium.

Determine the tensions in the cables for a given weight of cylinder =
40kg

Step 1: FBD @A
(Sketch outline
shape)
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Solution Example 3.1

( " FBDatA y /~ Step 2:Show allthe
Step 4: Apply EE and forces that act on
calculate the body and indicate the

unknown forces( can active (set the body in
be write in letters) x 30° // motion) or reactive
e A y forces (tend to resist
A X T the motion)

Y Fc=40x9.81=392.4N

Step 3: Labeled the
known forces
(magnitude and
o direction) N

Solution Example 3.1

‘ Step 4: Apply EE and
calculate the
unknown forces( can

: be write in letters) y FBD at A y
—\\ Since particle Ais in equilibrium, the net F
force at Ais zero. B
30°
SO FB+FC+FD =O F {IA X
D
or F=0
Y Fc=392.4N

In general, for a particle in equilibrium,

ZF=0 or XFi +XF,jJ = 0 =0i + 0] (avectorequation)

Or, written in a scalar form,
IF=0and XF,=0 = Two scalar equations of equilibrium (E-of-E)
= Used to solve for up to two unknowns

10
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Solution Example 3.1

y
Write the scalar E-of-E: FBDat A
+ > % F,=Fgcos30° - Fp = 0 /FB
— ; _ 30°
+TXF, = Fgsin30° - 3924N=0 - O .
D
‘ Solving the second equation, Fg =785 N — ‘

Y Fc=3924N

‘ From the first equation, Fp =680 N « ‘

Communitising Technology

Example 3.2

This is an example of a 2-D or coplanar force system. If the whole
assembly is in equilibrium, then particle E is also in equilibrium.
Determine the tensions in the cables DE,EA and EB for a given
weight of cylinder = 40kg

I
( 1,,,,,",,,,,,,,;;,,
Step 1: Draw FBD s
@ pointE

Communitising Technology
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Solution Example 3.2

FBD at point E

’ Step 2 ‘
y T J
Tep =40%9.81N
Teo 30°
[
S Tea Applying the scalar E-of-E at E,
‘,, Step/; i |+ > ZF,=—Tep +(40%9.81) c0s 30° = 0
\ J ‘ Step4 / + T Z F y = (40*981) sin 30° _TEA: 0

Solving the above equations,
Tep=340N <« and Tga=196N{

Example 3.3

This is an example of a 2-D or coplanar force system. If the whole
assembly is in equilibrium, then particle C and D are in equilibrium.
Determine the force in each cables for a given weight of lamp = 20kg

s N\

How many
p unknown
g . forces? i

I\
Step 2: Draw FBD

@ pointC to
solve Feg & Fea

N /

AT
~ Step1: Draw FBD
@ pointD to
solve Fep & Fpe
o 4
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Solution Example 3.3

" Step 1: Draw
FBD at point D ‘ FBD @ point
y F  DtosolveFep

oAl BFe

Feo 30
ID X
W=20(9.81) N

Applying the scalar E-of-E at D,
+T 3 F, =Fpe sin 30°- 20 (9.81)=0
+— > Fy=Fpe cos 30°- Fep =0
Solving the above equations,

Foe =392 N and Fcp=340N

Solution Example 3.3
Step 2: Draw FBD |

FBD at point C @ pointCto
solveFeg & Fea
5

Fcp=340N

C X
Fac
45°

Applying the scalar E-of-E at C,
+— > F, =340 - Fgcsin45°- Foc (3/5)=0
+ T ¥ F, = Fac (4/5) - Fgc cos45°=0

Solving the above equations,
Fec=275N ,/ and Fpe=243N N
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Conclusion of The Chapter 3

e Conclusions

- The Equilibrium and FBD have been identified

- The Equilibrium Equation have been implemented to solve a
particle problems in Coplanar Forces Systems
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