Aviation Department
First Grade- Spring Semester

Statics- Moment of a Couple
of force (Lecture 6)

Lecturer: Ms. Jwan Khaleel M.
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|_ecture Content:

Moment of a Couple of Forces
Force and Couple System
Resultant of a Force and Couple System

Reduction of a Simple Distributed Loading

Lecturer: Jwan Khaleel M.



_earning Outcomes

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

Define the moment of a couple.

Provide a method for finding the moment of a couple of forces.
Find the resultants of nonconcurrent force systems.

Solve related problems
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What is Couple?

The moment produced by
two equal, opposite, and
noncollinear forces is called
a couple.
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* \ector Algebra Method:

M=Fa+d) — Fa M=r,XF +ryzx(-F)

M = Fd =(ry —rg X F
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Countercloclwise Clockwise
couple couple
M=rxF



Equivalent Couples:




« Resultant Couple Moment.

I'IE — E{l‘ }: F} (a)
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Example 1:
Compute the combined moment of the two 180 N forces about (a) point O

and (b) point A. y
I
180 N
I B 2
|
240 mm :
|
240 mm |
B :
120mm |0
A

(+M=M,=M,=Fd = 180 (0.24 + 0.24 + 0.12)
= 108 N.m CCW :
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Example 2:

Determine the resultant couple moment of the three couples acting
on the plate in the Figure shown.

SOLUTION
As shown the perpendicular distances between each pair of couple forces
are d, = 4ft, d, = 3 ft, and d; = 5 ft. Considering counterclockwise
couple moments as positive, we have

F, =200 1b
Fy =300 1b

—dy =4 ft—
F,=4501b Al ——

Q+MR:2M; Mp = —Fid, + Fody — F3d, n‘fj=3ftp.-
= —(200 Ib)(4 ft) + (450 1b)(3 ft) — (300 Ib){5 ft) J_ E _
= —9501b-ft = 9501b- ft ) Ans. F2 =4501b
The negative sign indicates that My has a clockwise rotational sense. Fy=200bf F =3001b
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Example 3- Determine the magnitude and direction of the
couple moment acting on the gear in Figure shown.

. ) W) sin 30° N
F=600MN F=600N

.
~"\ A 600cos3I"N

600 cos 30F N

F=600N F=60N a00sin 30" N
(a) (b)
SOLUTION
C+M=32Mg M= (600cos 30° N}0.2 m) — (600 sin 30° N)(0.2 m)
= 439N-m> L1 10
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* Force—Couple Systems:

Resultant of a Force -Couple System (simplification of a Force -Couple System)

R =IF
M, = =M = X(Fd)
Rd = M,

‘i; r
v F
M = Fad
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Example 5: Replace the force and couple system shown in Fig. a by an
equivalent resultant force and couple moment acting at point O.

}I‘
(3 kN)sin 30°
D
”‘;m P 1 (3 kN)cos 30°
0dm| 0dm 1o
[T T
[}.{m B
| :
—02m
4 kN
(a) (b)
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SOLUTION

Force Summation. The 3 kN and 5 kN forces are resolved into their
x and y components as shown in Fig.h, We have

— (Fg), = XF,: (Fp)y = (3 kN)cos 30° + (3 )(5kN) = 5.598 kN —
+1(Fg), = 2F,; (Fg)y = (3kN)sin 30° — (3)(5kN) —4kN = —6.50kN = 6.50kN|

Using the Pythagorean theorem, Fig. 4-37¢, the magnitude of Fj is
Fp = \ff{FR]f + (Fj..-..)_,k.2 = V(5.598 kN)? + (6.50kN)?> = 8.58 kN Ans

Its direction @ 1s

o= mn"(ij:) — tm"(%) = 49.3° Ans.
Moment Summation. The moments of 3 kN and 5 kN about pomnt O (Mg)p =246 KN-m
will be determined using their x and y components. Referring to Fig. b, / _
we have LT(FEI},':'-S;S;EI: o
C+ Mg = ZMp: o) k T : --*. o
(Mg)o = (3 kN)sin 30°(0.2 m) — (3 kN)cos 30°(0.1 m) + (%)(5 kN) (0.1 m) | o
— (3)(5kN) (0.5 m) — (4 kN)(0.2 m) .

= —246kN'm = 246 kN-m) Ans.  (Fgp)y=650kN

This clockwise moment 1s shown in Fig. c. (c)
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Example 6: Determine the couple moment acting on the pipe shown
In Fig.a . Segment AB Is directed 30° below the
x- vy plane.
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Solution: SOLUTION Il (SCALAR ANALYSIS)

SOLUTION | (VECTOR ANALYSIS) Although this problem is shown in three dimensions, the geometry is

The moment of the two couple forces can be found about any point. If m_mple enough to use the .scalar f:quatl_ﬂn M = Fd.'The perpandlculgr

point O is considered, Fig. b, we have distance between the lines of action of the couple forces is
’ ’ d = 6 cos 30° = 5.196 in., Fig. d. Hence, taking moments of the

M =r, X (—25k) + rp X (25k) forces about either point A or point B yields
= —200i — 129.9j + 200i

Applying the right-hand rule, M acts in the —j direction. Thus,

= (—130j) Ib-in. \ns
(=130} Ib~in o M = {—130j} Ib-in. Ans.

It 1s easier to take moments of the couple forces about a point lying on
the line of action of one of the forces, e.g., point A, Fig.c. In this
case the moment of the force at A is zero, so that

M = ryz X (25k)
= (6 cos 30°i — 6 sin 30°k) X (25k)
= {—130j} b+ in. Ans.
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7 Replace the force and couple system acting on the member in Fig. a
" by an equivalent resultant force and couple moment acting at point O.

Example

500 N
750 N 5
4
3
200 N
1 m
1.25 m—|—1.25 m— ..
200 N

(a)

17
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SOLUTION

Force Summation.

5 (Fp), = SFy; (Fp). = (2)(500N) = 300N —
+1(Fg), = F,; (Fg), = (S00N)(5) — 750N = —350 N = 350N/

From Fig. 4-15b, the magnitude of Fy is

¥y
Fr= V(Fp? + (Fp);

o
And the angle 0 is F)
g RN e g SONY s g |(Fg).=300N
6 = tan ((FR)x) tan (300 N) 494
Moment Summation .

G+ (Mpo=3Mo + 3M (Fo),=350N " (b)

(Mg)o = (500N) (3)(2.5m) — (500 N) (2)(1 m)

— (750 N)(1.25m) + 200N *m
= —375Nm =375N:m ) Ans.
This clcackwnse moment is shown in Fig. b. 18
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Assignment 1

(Solve this problems then submit your answer)

A force F of magnitude 50N is exerted
on the automobile parking-brake lever
at the position x = 250 m. Replace the
force by an equivalent force-couple
system at the pivot point O.

19
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Assignment 2

(Solve this problems then submit your answer)

Replace the force and couple moment system acting on the beam in

Figure shown by an equivalent resultant force, and find where its line of

action intersects the beam, measured from point O.

Lecturer: Jwan Khaleel M.

4

kN

0 l I5kN-m
Eﬂ

—1.5m

)
AI-—I.E m——1.5 m—
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Assignment 3

(Solve this problems then submit your answer)

Determine the resultant couple moment acting on
the beam.

400 N 400 N

300N 300 N
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Next Lecture:

 Equilibrium of a particle

 Equilibrium of a rigid body

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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