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2.Concepts of Moments and Couples
2.1 Moment of Force (Torque)

The moment of a force is the ability of the force to rotate a body about an axis. The axis

may be any line which neither intersects nor is parallel to the line of action of the force.

Mathematically:
The moment of a force= The applied force X Perpendicular distance °
M=F.d

M= The moment of a force (N.m)
F= Applied force (N)

d= Perpendicular distance between the point of action of Rfo oment center.
o

Notes:-

1.If the force does not lie In a plane perpendicular to the moment axis, then the force may
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For Example:-

The moment of F about the axis BC in the above figure, may be resolving it

into two components:-

The moment of the component F1 about BC=0 1//
The moment of the components F2 about BC =F2 d
Then the moment of force F about BC=F2 d2

2.1.1 Principle of Moments

It states that the moment of a forc int is equal to the sum of the moments of

the components of the force

For example:-
Consider the mom f e F and two of its components about point O as shown in
figure below.
=
x ' t/
.
. ] F,
g M,

since F = F, + F,
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My =F.r=(F; + F,))r=F;r+ F,r

For two dimensional problems, above figure, we can use the principle of moments by
resolving the force into its rectangular components and then determine the moment using
scalar analysis, thus,

Mo = Fyy — Fyx
Examples

Example (1):-

For each case illustrated in the figure, determine the moment

100N a = -
5 e
I Zm - >
l 0 Y i ) 0 ﬁa—— 1}0‘ 401

N\ * 2
O 0.75m

Y ; L 50N S

- 2m - 2eos 30° 11

(b)
(a) ‘v (c)
- : m -
1 m
- 3 -

, ﬂ ’ fﬁ‘_‘_-: -
0 4 - i

/ ! it 1 sin 45°

7 (i T 4m
' [ J
60 b
(d) TN
Q 0 (¢)

Solutien:-

Fign(@) M, = (100 N)(2m) = 200 N.m

Fig(®) Mgy = (50N)(0.75m) =37.5N.m

Fig(c) Mg = (401b)(4 ft + 2 cos30 ft) = 299 Ib. ft
Fig(d Mg =(601b)(1sin45 ft) =42.41b.ft
Fig(e) Mgy = (7kN)(4m —1m) = 21 kN.m
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Example(?2):-

Determine the moment of the force system about point O.
Solution:-

M, = Z Md

Mg = (=50 N)(2m) + (60 N)(0) +

20N(3sin30m) — (40 N)(4m + 3 cos30 m) =

—344 N.m = 344 N.m

40N

Example (3):-

A.Determine the moment of the 260N force sho figlke with respect to point A when

1.the force is resolved into components at B

2.the force is resolved into components a
B.by means of the principle of momeats mine the perpendicular distance from the

force to point A.

Solution:-

12cm 3cm

AF, = 2601—2 =
90
5 5ecm 160‘*
Fy = 260 = 100N \
‘ B
1-Y Mg 2%0(2) + 100(15) = 1980 N.cm 2em

M, =240(7) + 100(3) = 1980 N.cm

B. T oment of force = Y moment of its components
1980
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Example(4):-

Calculate the moment about the base point O of the 600 N

Solution:-

The moment arm to the 600N force is
d =4cos40+ 2sin40 =4.35m
Mo = 600(4.35) = 2610 N.m

Another method by replacing the force by its rectangular
components at A
=2610 N.m My = (600 cos 40)N(4m) + (600 sin40)N @m)
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Example(5):-

Force F acts at the end of the angle bracket shown in figure. Determine the moment of

the force about point O.

Solution:- -
The force is resolved into x and y components as shown in F‘ 0.2m
Fig.(b),then [ '
- 04m -1
Mo = 400 sin 30N(0.2 m) — 400 cos 30 N(0.4m) = NN
(@)
—98.6 NNm =98.6 Nm - NS
\J
“% 02Zm
Example(6):-

Determine the moment of the force e
A. with respect to O

B. with respect to
Solution:-

A
Mo = 10(5) + 10(5) + 20(5) = 200 N.m

Ma
in 30

(5c0s30) —10sin30(5 —
10 cos30(5cos30) + 10sin30(5 + 20N

55i0g0) — 30(5) + 202 (5 +4) +20=(3) =

130 N.cm
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10N

10N

20N

\J
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Example (7):-

A.Determine the moment produced by the forces with respect to a-axis

B.Determine the orthogonal distance from the 130N force to the a-axis.

Solution:- P

A.Components of force 130N
130L= 1302= 120N 12 =z
V127 + 52 13
5 5 N R
130\/12?#:13()@:501\] a

5
Components of force 100 N \

3 3 N

100 ——==100-=60N
V42 + 32 5
100 * = 1004 =80N
V42 + 32 5
z M,_, = 120(13) + 60@%= 1560 + 480
=2 m
B.
moment of a force = ), moments of its components
130(d)=15 Q
d= 1
=7 cm
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Example(8):-

Determine the moment of force F with respect to the vertical line cd.

Solution:-
B = /42 + 52 +

o 7

€055 =949
N

€0SY =949
o5

€059z =949

F, =Fcos0, = —400—=

Fy = Fcose 9.49
F. = Feosf, = —400—— = 2
z = FC0ST, 9.49
chd — —295(4 1(

= 86N.

9.49

72 =9.49 cm

4cm

L

—4DDN

30
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2.2 Couples:-

A couple is defined as two parallel forces that have the same magnitude, but opposite
directions, and are separated by a perpendicular distance d. Since the resultant force is zero,

the only effect of a couple is to produce a rotation or tendency of rotation in a specified

direction. The moment produced by a couple is called a couple moment.

The moment of the couple is the algebraic sum of the moments of i& force\abolt any axis

perpendicular to the plane of the couple. The moment is the sa axis perpendicular to

the plane.

point such as O in their plane is uple M. This couple has a magnitude.

M= F(a+d)-Fa o
o

X 7
_ =
M=Fd w_j -
Q
Note @Speci hat the magnitude of the couple is independent of the distance a which

rces with respect to the moment center O.It follows the moment of a couple has

alue for all moment centers and then the the vector M is not a localized vector and

moved to any parallel position.
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2.2.1Equivalent Couples

If two couples produce a moment with the same magnitude and direction, then these two
couples are equivalent.
The figure below shows four different configuration of the same couple M.In each of the

four cases, the couples are equivalent.
M

2.2.2Force-Couple Systems \ " ’

We can represent the dual effect of any force (th dency to push or pull the body in the

direction of the force, and rotate the body about anyafixed axis which does not intersect

the line of the force) by replacing the gi e by an equal parallel force and a couple.
In the figure below the given force

point B and the counterclock%e

N s
¢S

\
Note :-

A resultant §ouple fhoment is simply the vector sum of all couple moments of the system.
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2.2.3Transformation of a Couple
Transformations of a couple are operations on the couple that do not change any of its
characteristics (its magnitude, direction and the sense of rotation).

1. The couple is moved to a parallel position in its plane.

Y Y

F1 F2 F1
v
2. The couple is rotate in its plane. Y\
Y Y

F2

Fl

| l

F1 F2
A

3. Thefcauplgisgnoved to a parallel plane.

10
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4. The couple moments are equaled if the product of the force multiplied by the distance

Is the same for each couple.

Y

A

10 10
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Examples
Example(1):-

The caster unit is subjected to the pair of 400N forces shown. Determine the moment

associated with these forces. \
a5 )

Solution:- — |

mm

M=F.d 400N

M = 400> — 14N
— " To00 " ™

(=

Example (2):-

Determine the magnitude and direction o uple moment acting on the gear.

Solution:-

Method 1

The couple mom n etermined by
summing the mo these force
components about any point.

e

F = 600N
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M= Z Mg = (600 cos 30 N)(0.2m)

600 sin 30° N
F= 600N

— (6005sin 30 N)(0.2 m)
=439N.m

Method 2
M=F.d

600 cos M’ N

F=600N @#0sin3"N

F = 600N

Example (3):-

Replace the horizontal 400 N glacting on the lever by an equivalent system consisting

of a force at O andf@couple.

Solution:- g
We apply two equal and opposite 400 N forces at O 900 mm
ofe/
400 N 400 N

O and the 69.3 N.m couple.

_ S04 )
400 N —400 N 400

69.3 N-m
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Example(4):-

Replace the 600N force by a force through A and a couple whose forces act vertically
through point B and C.

Solution:- 6 cm
B C -
e, 0
® 50 - % A~
600 N&& — o > 600 N o o
8cm 8cm
600 N ¥ 600 N
'600 x 8=4800 1
S800 N S800 N
4 B C
600 N ®aA @ > 600 N
[ ] Le]
[ ]
-
480
=800
Q
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Example(5):-

By transformation of a couple replace the 70N force by a force through A and a couple

whose forces act vertically through B and C.

Solution:- B A C
70N | > 3 4 5
B A c 70N
-
er 3m 4Am 2m ]
70N 70N

70 NX 60 cm=4200 N cm

60N
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Example(6):-

Replace the 1000N force by a force through A and couple whose forces act vertically
through B and C.

Solution:- 500N 1000 N
4\
GOS\N 1000 N 3 5. 3 3
4
<3cm o 3cm 3 ! > 800N
4 |
> 800 N
! 6
600 N
6cm s

| (.

2 1
2m| PON o STTTTTTTY,
T TR T °
B 600 N c
Z M = 800X6 — 600X3 = 300
3am o 3cm <3am o 3cm
M M
P
6cm 600N 6cm
>
X X
2cm ; 800N 2cm .
! 3000 ! |
////////{ /871//////{'
B
3000 N.cm v
W =500N 500 N 500 N
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Example(7):-
Replace the 500N force by:-
A. A force through A and a couple.
B. A force through B and a couple. \
. [ N
Solution: B A
A - 6 cm 4 cm
= . . q 500 N
/ 6 cm 4 cm w
B.
/’1 6 cm 4 cm
Q
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Example (8):-

Replace the 60N force shown in figure by a force through D and a couple whose forces

act horizontally through A and B.
Solution:- 60N

h 4

60 N

~
Ll

60 N D, 60N

dcm bem

4cm 6cm ‘
1 PN H
—> 80N \\p \ KD

A
G0N € A B \ \ B
2 60N 60N
.
3
60N N\.p
A B
LN
\ 6cm \
50N 50N
!
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Home Work(?2)

QL1.Find the moment of the force about point O

g

Q2. The force F acts on the end of the pipe at B. Détermine (a) the moment of this force

about point A (b) the magnitude and direction/of a horizontal force, applied at C, which

produces the same moment.

Given:
F=T0N
a=09%m
b=03m Q
c=07Tm
8 = 60 deg
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