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Chapter Description

« Aims
— To explain the Moment of Force (2D-scalar formulation & 3D-Vector
formulation)
— To explain the Principle Moment
— To explain the Moment of a Couple
— To explain the Simplification of a Force and Couple System
— To explain the Reduction of Simple Distributed Loading

* Expected Outcomes

— Able to solve the problems of MOF and COM in the mechanics applications
by using principle of moments

* References

- E(ij_st_sel C. Hibbeler. Engineering Mechanics: Statics & Dynamics, 14th
ition
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Chapter Outline

Moment of Force (MOF) —Part |

Principle of Moment —Part I

Moment of Couple (MOC) Part lll

Simplification of a Force and Couple System
Reduction of Simple Distributed Loading- part IV

a s~ owbh =

4.3 Moment of a Couple

Resultant force = 0
Tendency to rotate in specified direction

forces with the same magnitude but = Couple moment is a free vector
L]
L]

opposite in direction separated by a
perpendicular distance “d.”

It can be compute d by any point
Choose the line action of one of the force in
the couple

= A resultant couple moment = sum of the couple
moments of the system
Mg=M, + M,

A couple is defined as two parallel ‘

= The moment of a couple is defined as

T
I B, r ~F
g F
—F > T T,
=
’ Mo = F d (using a scalar analysis) ‘

— oL i
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Application (Moment of a Couple )

A torque or moment of 12 N-m is required to rotate the wheel.
Why does one of the two grips of the wheel above require less
force to rotate the wheel?

Example 4.7

Two couples act on the beam with the geometry shown. Determine
the magnitude of F so that the resultant couple moment is 1.5 kN.m

clockwise
Step 1: FBD =
(Sketch outline
| sheee) Step 2: det d
Ve N\ 3 v
use formula: ’
scalar analysis
Mo=Fd |)
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Solution Example 4.7

1.5kN.m

( Net moment = ‘ MO =Fd ‘)

» The net moment is equal to:

+XM=-F (0.9) +(2) (0.3)
=—09F+0.6

—15kN-m =-09F+0.6

= Solving for force F,
F=233kN

Example 4.8

Two couples act on the beam with the geometry shown and d = 4 ft
Determine the resultant couple.

First , Resolve 50 Ib into
Xy

1) Resolve the forces in x and
y-directions so they can be
treated as couples.

2) Add these two couples to
find the resultant couple.

2nd , Resolve 80 Ib into x
y

Communitising Technology
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Solution Example 4.8

The x and y components of the upper-
left 50 Ib force are:

50 1b (cos 30°) = 43.30 Ib vertically up

50 1b (sin 30°) = 25 b to the right
|

Do both of these components
form couples with their
matching components of the
other 50 force?

No! Only the 43.30 1b components
create a couple. Why?

Solution Example 4.8

create

Do both of these components
with
components of the other 80
force?

a

Now resolve the lower 80 1b force:
(80 Ib) (3/5), acting up
(80 Ib) (4/5), acting to the right

The net moment is equal to:

+ XM =—(43.3 Ib)(3 ft) + (64 Ib)(4
ft)

—129.9 + 256
126 ft-Ib CCW
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Example 4.9

A 2-D force system with the geometry shown. Determine the
equivalent resultant force and couple moment acting at A and then
the equivalent single force location measured fromA

200 1b
501b
3 3f—ep—3 1t — 3
4‘ 4‘~ 1) Sum all the x and y
DA . components of the forces to
. o/

find Fgx.
AN 2) Find and sum all the
3% 10016 moments resulting from

moving each force
component to A.

3) Shift Fy4 to a distance d such
that d = MRA/F Ry

—

Solution Example 4.9

+—> SFg,= 50(sin 30) + 100(3/5)
=851b

+ T ZFg,= 200 + 50(cos 30) — 100(4/5)
=163.31b

+ Mg, =200 (3) + 50 (cos 30) (9)
— 100 (4/5) 6 =509.7 Ib-ft CCW

Fp=(852+163.32)12 =184 1b
0 = tan! (163.3/85) =62.5°

The equivalent single force Fp can be located at a distance d
measured from A.

d = Mpa/Fr, = 509.7/1633 = 3.12 ft

I,
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Example 4.10

A 2-D force and couple system as shown. Determine the equivalent
resultant force and couple moment acting atA.

2 m e ~4 m- s 3m

_! 1500 N'm

1

1) Sum all the x and y components of the two forces to find Fg,.

2) Find and sum all the moments resulting from moving each
force to A and add them to the 1500 N-m free moment to find
the resultant Mg, .

—

Solution Example 4.10

Summing the force components:

+—> ZF, = 450 (cos 60) — 700 (sin 30)
=_125N

+ T ZF,=— 450 (sin 60) —300 — 700 (cos 30) = 2m == 4m == 3m
=_1296N

Now find the magnitude and direction of the resultant.
Fra=(1252+12962)12= 1302 N
And 0=tan! (1296 /125)=84.5° V

+( Mg = 450 (sin 60) %) +300 (6) + 700 (cos 30) (9) + 1500
= 9535N-m
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Conclusion of The Chapter 4

Conclusions

- The Moment of couple has been identified

- The scalar and vector analysis have been implemented to
solve Moment problems in specified axis
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