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Aviation Department
First Grade- Spring Semester
Moment of Force (Lecture 5)

Lecturer: Ms. Jwan Khaleel M.



Lecture Content:

* Moment of a Force - Scalar Formation

* Cross Product

* Moment of a Force -Vector Formulation
* Solving Related examples

Lecturer: Jwan Khaleel M.



| earning Outcomes:

At the end of this lecture, you will be able to:

« Evaluate the concept of moment of a force.
« Compute a moment vector in terms of a force vector.
* Calculate the moment of a force in 2D and 3D.

« Solving problems using related equations
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What is a Moment :

* A force can also tend to rotate a body about a

point or an axis.

* The axis may be any line which neither intersects

nor is parallel to the line of action of the force.

* This rotational tendency is known as the moment

“M” of the force.

* Moment is also referred to as torque.
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« Moment about, a Point (Scalar Formation):
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Its moment arm will be zero since
the line of action of F will » Plus, sign (+) for counterclockwise moments and a minus sign (—) for clockwise moments.
intersect point O (the z axis). « The basic units of moment in Sl units are newton-meters (N. m), and in the U.S. customary
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Example 1:

For each case illustrated in Figure shown, determine the moment of the force

about point O .

(a) 3 ft '

2 ft
O L
\¢
ﬁ\ 30° Y401 W as
y

=
|

60 1b
| 41

(c)

Lecturer: Jwan Khaleel M.



Solution:
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Example 2: Determine the moment of each of the three forces about point A.

ﬁ}=ﬁnxﬂﬂ F>=300N
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SOLUTION

The moment arm measured perpendicular to each force from point A is
dy = 2sin6l" = 1.732 m
> = 3sin 60" = 4330 m

i; = 2sin 23,137 = 1.60m

Using each force where M, = Fd, we have

¢+ (Mg )4 = —250{1.7532)
= —433N-m = 433 N -m (Clockwise)

C + (Mg) 4 = —300{4.330)

= —1290N-m = 1L.A30kN-m (Clockwise)

G + (Mg) s = —500{1.60) N
F,= 500N

= =800 N-m = &80 N-m (Clockwisel v
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Exam ple 3 Detern}ine.the.resultﬂnt m.nment of the four forces acting on the rod
shown in Figure about point O.

SOLUTION
Assuming that positive moments act in the +k direction, i.e.,
. counterclockwise, we have
20N G+ (Mp), = 2Fd;

(Mg), = —50N(2 m) + 60 N(0) + 20 N(3 sin 30" m)

—40 N4 m + 3 cos 30° m)
(Mg), = =334 N-m = 334 N-m) Ans.
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¢ CrOSS PrOdUCt! click here:
It is a useful approach to find the vector which is perpendicular to a plane

formed by two vectors.

C=AxB C=AXB
A
l Magnitude. The magnitude of C is defined as the product of the el 2
te magnitudes of A and B and the sine of the angle # between their tails

(0" = 6 = 180°). Thus, C = AB sin f.

Laws of Operation.

A“E——-r « The commutative law i1s nof valid;ie.. A X B =& B x A. Rather,
A
—\ AXB=-BxA
B « If the cross product is multiplied by a scalar g, it obeys the assoc-
iative law;

alA X B) =(agA) X B = A X (aB) = (A X Bla

* The vector cross product also obeys the distributive law of addition

AXB+D)=AXB +AXD
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https://www.youtube.com/watch?v=h0NJK4mEIJU

Cartesian Vector Formulation:

i X j=
ixk

l

— 1

ixk=—j ixi=0
ixi=—-k jxj=0

-

kxi=j kxj=—-i kxk=0 \—/

AXB=1(Ad+Aj+ Ak x(Bi+ B,j+ Bk
= AB(i x D) + ABSi X j) + ABi X k)
+ AB( X i) + ABj X j) + AB( x k)
+ ABk X i) + A.B(k X j) + AB.(k X k)

AxB= {A}BE - AEEJ] - {AIE: - A.T'Er}.] + {Arﬁ}' - "'11-3:]]1

ik
AXB= A, A, A
B, B, B.

For element 1;

For element j:

For element k:
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« Moment of an axis passing through point O (Vector Formulation):

Moment axis Moment axis
My @ T Mg
A >
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i j Kk
Mop=rXF=|rn nr r
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Mo = (nf, = rF) = (n ;= rFoj + (nFy — nFok
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Example 4.

Determine the moment produced by the

force F In Fig. a about point O . Express

the result as a Cartesian vector

(a)
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SOLUTION
As shown in Fig. either r, or rp can be used to determine the

moment about point O. These position vectors are
ry, = {12k} m and rz = {4i + 12j} m

Force F expressed as a Cartesian vector is

(4i + 12 — 12k} m
V(@4 m)? + (12m)? + (=12 m)?

F=FHAB=2kN

= {0.4588i + 1.376j — 1.376k} kN

Thus
i J k
My=r4 XF = 0 0 12
04588 1376 —1.376

[0(—1.376) — 12(1.376)]i — [0(—1.376) — 12(0.4588)]j
+ [0(1.376) — 0(0.4588)]k

= {—16.51 + 5.51j} kN*m Ans.
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Example 5:

Two forces act on the rod shown in Figure. F, — (—60i + 40j + 20K Ib

Determine the resultant moment they create

about the flange at O . Express the result as

a Cartesian vector.

5 fit

F, = {80i + 40j — 30k} Ib
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Solution: .

Position vectors are directed from point O to each force as shown in

Figure These vectors are 0 = (0i,0j,0k)
A = (0i,5/,0k)
ry = {5j) it B = (4i,5],—2k)

rpg = {4i + 5j — 2k} ft

The resultant moment about O is therefore

(Mp), = 3(r X F)
:l'A}{F|+l'B}{Fg
i j k i j k

=0 5 o0o|l+]|4 5 -2
—60 40 20 80 40 —30
= [5(20) — 0(40)]i — [O]j + [0(40) — (S)(—60)]k
T [3(=30) — (=2)40)]i — [H—30) — (—2)(80)]j + [440) — 5(80)]k
— {30i — 40j + 60k} Ib- ft

Ans.
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Next Lecture:

Moment of a Couple of Forces
Simplification of a Force and Couple System
Further Simplification of a Force and Couple System

Reduction of a Simple Distributed Loading
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Assignment 1

(solve this problems then submit your answer)

Determine the moment of the force about point O

5m |

Lecturer: Jwan Khaleel M.
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Assignment 2

(solve this problems then submit your answer)

Determine the resultant moment produced by the forces about point O

Lecturer: Jwan Khaleel M.
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Assignment 3

(solve this problems then submit your answer)

A pry bar is used to remove a nail as shown. Determine the moment of the
60-Ib force about the point O of contact between the pry bar and the small
support block.
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Assignment 4

(solve this problems then submit your answer)

The 30-N force P is applied perpendicular to the portion BC of the bent

bar. Determine the moment of P about point B and about point A.

1 6m
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Assignment 5

(solve this problems then submit your answer)

Determine the resultant moment

produced by force FB and FC

about point O . Express the result

as a Cartesian vector

Lecturer: Jwan Khaleel M.
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Statics

References:

Engineering Mechanics R.C. s

Hibbeler 13t edition (Statics and ' == "%8

Dynamics).
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The end of the lecture
Enjoy your time
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