Example 3.4 A homogeneous beam (length 4 a, weight G) is sus-
pended at C' by a rope. The beam touches the smooth vertical
walls at A and B (Fig. 3.16a).

Find the force in the rope and the contact forces at A and B.
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Fig. 3.16

Solution We isolate the beam by cutting the rope and remov-
ing the two walls. The free-body diagram (Fig. 3.16b) shows the

contact forces A and B acting perpendicularly to the planes of con-
tact (smooth walls), the internal force .S in the rope and the weight
G (acting at the center of the beam, compare Chapter 4). To for-
mulate the sum of the moments, point C' is chosen as reference
point; the lever arms of the forces follow from simple geometrical
relations. The equilibrium conditions then are given by

T Scos30° -G =0,
—: A— B —S8sin30° =
A

C: —aA—- —alG+

With cos 30° = v/3/2, sin30° = 1/2 the three unknown forces are
obtained as
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Example 3.6 A lever (length [) that is subjected to a vertical
force F' (Fig.3.18a) exerts a contact force on a circular cylinder
(radius r, weight ). The weight of the lever may be neglected.
All surfaces are smooth.

Determine the contact force between the cylinder and the floor
if the height h of the step is equal to the radius r of the cylinder.

Solution The cylinder and the lever are isolated and the contact
forces A to F/, which are perpendicular to the planes of contact at
the respective points of contact, are introduced (Fig. 3.18b). Note
that the floor and the lever represent the planes of contact at D
and I, respectively. The equilibrium conditions for the lever are

given by
2
S £C—£E=U?
2 2
2 2
p D—%C%L%E—F:O,

0 ﬁr(1—§)0—\/§h5+§m=o

and equilibrium at the cylinder (concurrent forces) requires

— A—?C:(),

T: B—I—?C—G:(].



These are five equations for the five unknown forces A to E. With
h = r, they yield the contact force at point B:
[

B=G—-—F.
G 2T

In the case of F' = (2r/l)G, contact force B vanishes. For larger
values of F' there is no equilibrium: the cylinder will be lifted.

Example 3.1 A disc is subjected to four forces as shown in Fig.
3.11a. The forces have the given magnitudes F' or 2 F', respectively.
Determine the magnitude and direction of the resultant and

the location of its line of action.
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Fig.3.11

Solution We choose a coordinate system z,y (Fig.3.11b), and
its origin 0 is taken as the point of reference. According to the
sign convention, positive moments tend to rotate the disk coun-
terclockwise (\). Thus, from (3.9) we obtain

R, = Z F;, = 2 F cos60° + F cos 60°
+ F cos60° — 2 F cos60° = F',
Ry, =) Fi = —2Fsin60° + Fsin60°
+ F'sin60° + 2 Fsin60° = V3 F,
MR =S M =2aF +aF +2aF —aF =4aF,



which yield (see (3.10))
R=\/RZ+R:2=2F, tanafz%zx/g — o =060°.

The perpendicular distance of the resultant from point 0 follows
from (3.11):

h_M}(%O)_ZLa,F_Q
=T R~ 2F =

Sample Problem 2/4

Forces F, and F, act on the bracket as shown. Determine the projection Fy,
of their resultant R onto the b-axis.

Solution. The parallelogram addition of F; and F is shown in the figure. Using

the law of cosines gives us
R? = (80)% + (100)> — 2(80)(100) cos 130° R = 1634 N

The figure also shows the orthogonal projection F;, of R onto the b-axis. Its length
is
F, = 80 + 100 cos 50° = 1443 N Ans.

Note that the components of a vector are in general not equal to the pro-
jections of the vector onto the same axes. If the a-axis had been perpendicular
to the b-axis, then the projections and components of R would have been equal.




Sample Problem 2/8

Determine the resultant of the four forces and one couple which act on the
plate shown.

Solution. Point O is selected as a convenient reference point for the force—
couple system that is to represent the given system.

(R, = SF,] R, = 40 + 80 cos 30° — 60 cos 45° = 66.9 N
[R, = ZF,) , = 50 + 80 sin 30° + 60 cos 45° = 132.4 N
R = JRZ + R R = /66972 + (132.4)2 = 1483 N A
[0 = tan! %] 6= tan! 16?;2'; =.63:2° Ans.
@ My = 2(Fd)] Mg = 140 — 50(5) + 60 cos 45°(4) — 60 sin 45°(7)
= —237N'm

The force-couple system consisting of R and M, is shown in Fig. a.
We now determine the final line of action of R such that R alone represents
the original system.

(Rd = Mol 148.3d = 237 d = 1.600 m Ans.

Hence, the resultant R may be applied at any point on the line which makes a
63.2° angle with the x-axis and is tangent at point A to a circle of 1.6-m radius
with center O, as shown in part b of the figure. We apply the equation Rd =
M in an absolute-value sense (ignoring any sign of M) and let the physics of
the situation, as depicted in Fig. a, dictate the final placement of R. Had M,
been counterclockwise, the correct line of action of R would have been the tan-
gent at point B.

The resultant R may also be located by determining its intercept distance &
to point C on the x-axis, Fig. c. With R, and R, acting through point C, only R,
exerts a moment about O so that

237
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50N PROBLEM 2.36

L = 1460 mm

1100 mm

Knowing that the tension in rope AC is 365 N, determine the
resultant of the three forces exerted at point C of post BC.

200 N

SOLUTION

Determine force components:

Cable force AC:

500-N Force:

200-N Force:

and

Further:

960 -

F,=—=(365N)——=-240 N

1460 S00N
F, =—(365 N)%:—WS N C

! 1460 X

F, = (500 N)g-;l =480 N

7 35N
F, = (500 N)E =140 N 200 N

F,=(200 N)%=160 N

F, =—(200 N)% =—120N

1c*

R, = (uoonN)

R, =XF,=-240 N+480 N+160 N =400 N
R, =%F,=-27SN+140N-120 N=-255 N

R=\(R} +R]

= /(400 N)* +(-255 N)?
= 47437 N Ry=-(zssm)

A

R=474N < 32.5° «




PROBLEM 2.44

Two cables are tied together at C and are loaded as shown. Determine
the tension (a) in cable AC, (b) in cable BC.

660 N
I ZIC
14m ///
BB
L*Q‘?.S m
SOLUTION
3 .
tang =—— Free-Body Diagram
2.25
o =53.130° A je=2.25m —
’
1.4 \

tan f=——

F=32s N

F=31.891° \

3wm h tae
l o( G660 N
i By c 7
1.4 w . ” IBC.
R
8

Law of sines: Force-Triangle

Ty Tye 660N
sin31.891° sin53.130° sin94.979° LD N

2,.82\°

(a)

(b)

TB C

sin 94.979°

sin94.979°

660 N (sin31.891°)

660N (sin 53.130°)

T,  =350N <«

Ty =530N <




PROBLEM 2.62

A movable bin and its contents have a combined weight of 2.8 kN.
Determine the shortest chain sling ACB that can be used to lift the
loaded bin if the tension in the chain is not to exceed 5 kN.

! 1.2 m 1

SOLUTION
Free-Body Diagram
W= 2.8 kN "
- tanor = —— (D
0.6 m
T C
"V\E—-Bc I
- N n
A B B |
l«— 0.6 —>é= 0.6m ——)l
Isosceles Force Triangle
. . (2.8 kN)
Law of sines: sinex==-————
2.8 kN fac
" T, =5kN
. 1(2.8kN)
sing==—+—-
S5kN
o =16.2602°
From Eq. (1): tan16.2602° = L s h=0.175000 m
0.6 m

Half length of chain = AC = \/(0.6 m)” +(0.175 m)
=0.625m
1.250 m <

Total length: =2x0.625m




PROBLEM 3.85

The 80-N horizontal force P acts on a bell crank as shown.
(a) Replace P with an equivalent force-couple system at B.
(b) Find the two vertical forces at C and D that are equivalent
to the couple found in part a.

D

0)

0] O

SOLUTION
f A (a) Basedon XF: Fp=F=80N or F,=800N-—«
d
F l' wMe IM: My =Fd,
T & | . )
7 < ) =80 N (0.05 m)
=4.0000 N-m
or M, =400N-m ) <
(b) If the two vertical forces are to be equivalent to Mp, they must be
a couple. Further, the sense of the moment of this couple must be
counterclockwise.
A
_F Fel _Fc Then with F. and Fj, acting as shown,
A
E’ IM: Mp,=F.d
¢ B c[ ©
4.0000 N-m = F(0.04 m)
~d F,. =100.000 N or F.=1000N| <

IF,;: 0=F,-F,

F, =100.000 N or ¥, =100.0 NT |




