[ Moment, Coples and Equlibrium }

Moment of a force:

The Moment of Force (F) about an axis through Point (o) or for short is the product of
the magnitude of the force and the perpendicular distance between point (0) and the
line of action of force (F)

M= Fd
The units of a Moment are: N-m in the S| system
or / ft:Ibs or in-Ibs in th US system

M: Magnitude of the moment of F around point O

d: Perpendicular distance from O to the line of action of F

Direction of the moment in 2-D: r |

The direction of the moment is given by the right hand rule: Counter Clockwise
(CCW) is out of the page, Clockwise (CW) is into the page.

CCW-out of the CWe-into the page

Moving a force along its line of action:

Moving a force along its line of action, results in a new force system which is
equivalent to the original force system.

Line of action of force F_\;\,.»"

T

Note: moving a force along its line of action does not change its moment

M = Fd = FrSin (@)


http://cbs.wondershare.com/go.php?pid=5873&m=db

Example: H 3

Calculate the magnitude of the moment about the -

i B 40°
base point O of the 600-N force in five different i /\\

ways. . 600 N
Solution: o
(I) The moment arm to the 600-N force 1s
d =4 cos 40° + 251 40° = 4.35 m
By M = Fd the moment is clockwise and has the magnitude
M, = 600(4.35) = 2610 N-m Ans.
(II) Replace the force by its rectangular components at A
F'y = 600 cos 40° = 460 N, Fy = 600 sin 40° = 386 N
the moment becomes
M, = 460(4) + 386(2) = 2610 N-m Ans.
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Moment of a Couple:
d
A couple can be defined as two parallel
forces, having the same magnitude, opposite -
directions and separated by a perpendicular e !
distance d -F

The moment of a couple is the product of the magnitude of one
of the forces and the perpendicular distance between their lines
of action. M = F x d. It has the units of kip-feet, pound-inches,
KN-meter, etc.




Example:

During a steady right turn, a person exerts the forces
shown on the steering wheel. Note that each force
consists of a tangential component and a radially inward
component. Determine the moment exerted about the
steering column at O.

Remove Watermark Now

Solution:

Moving a force off its line of action:

If a force is moved off its line of action, a couple must be added to the force system
so that the new system generates the same moment as the old system.

C =raxF

F
+
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Example: 400 N

Replace the horizontal 400-N force acting
on the lever by an equivalent system
consisting of a force at O and a couple.

400 IN 400 IN

) O/ O

Solution: - 400 N 400 N 400 N

69.3 N-m
We apply two equal and opposite 400-N forces at O and identify the
counterclockwise couple
[M = Fd] M = 400(0.200 sin 60°) = 69.3 N-m Ans.

Thus, the original force is equivalent to the 400-N force at O and the 69.3-N-m
couple as shown in the third of the three equivalent figures.



Example:

Determine and locate the resultant R of the two forces and one couple acting on the

[-beam.
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Equilibrium:

A body is in equilibrium

on the body is zero.

if the resultant of all the external forces and moments acting
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Equilibrium equations in component form:

In a rectangular coordinate system the equilibrium equations can be represented by
three scalar equations:

> F, =0
> 7y =0
>, F,=0

Sum of All Moments (Mz) =0

(Sum of All Moments (My) = 0)

(Sum of All Moments (Mx) = 0)
Example:

Determine the magnitudes of the forces C and T, which, along with the other three
forces shown, act on the bridge-truss joint.
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The given sketch constitutes the free-body diagram of the 1solated
section of the joint in question and shows the five forces which are in equalibrium.

For the x-y axes as shown we have

[XF, = 0] 8+ Tcos40° + Csin20° - 16 =0

0.766T + 0.342C = 8 (a)
[XF, = 0] Tsm40° —Cecos20°—-—3=0

0.643T — 0.940C = 3 (b)

Simultaneous solution of Eqs. (a) and (b) produces

T =9.09 kN C=3.03kN Ans.



Examples & Solutions

Example: If the resultant of the two forces and couple M passes through point O,
determine M.

Solution:

M, =M-400x%x0.15c0s30-320x0.3=0

M =148 Nm CCW Ans.
Example: -
T ON30 20 1b
Given: A 2-D force and couple ‘ 4 fi in
system as shown. 5 :

Find: The equivalent resultant i\ \ |
force and couple :

moment acting at A.

e

Solution

1) Sum all the x and v components of the forces to find F ..

2) Find and sum all the moments resulting from moving each
force to A.

351b 30¢ 20 1b
+ IFp, = 25+355in30° =42.51b |, \\ *“ L

+ ¥ ZFp, = 20 +35cos 30° =50311b

+ (Mg, = 3500s30°(2) +20(6) -2503) ’

=105.6 Ibft

3 fi

Fp=(42.52+50.312)12 =65.9 b l_
N0 = tan! (50.31/42.5) =49.8°
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Example:

Two children balance a see-saw in
horizontal equilibrium. One weighs 80
pounds, and the other weighs 60 pounds
and is sitting 4 ft. from the fulcrum. Find
the force the fulcrum applies to the beam
and the distance to the fulcrum to the 80
Ib. child. (Neglect the mass of the see-
saw.)

80 Ib 60 1h

Solution:
Free body diagram

80 lb= a0 lbs
_ =

X1t -—T— 4 1t
F

=>F =D=N0Xf0rces.%F —0=-80+-60 +F —=> F=140Ibs}
+-— x k4

%Mﬁhm=u=8ﬂ*x-50*4 —= X =3



Example:

The 450-kg uniform I-beam supports the load shown. Determine the reactions at the
supports.
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220 kg
Solution:
4-50(9.81) N
w M | il}
e
Bt & l Taj :
Ay
220 (7.%1) N
From =Fyx=0 Ay =0

S M,y =0: —450(9.81)4 - _R0 (ﬁ,&\)(s.(,)
+By(8)=0o | By= 370N Ans.
>F, =0 Ay - 450(1.81)-220(1.81) +3720 =0
AB = KR¥50 N Ans.






