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If P =130 N, determine the angular acceleration of the 22.5 kg roller. Assume the roller to be a
uniform cylinder and that no slipping occurs.

Io=zmr's 5025)(045) =2.278 kg m’

':'ZFX= m(Qe)y ;

1320 cos&oo-l:{. = 22,5 Q¢
+4ZFy = m(Qe)y;

-)
N-22.5(481) - (30s7n30 = 0

N= 285 13 N

*IMg = Tqw; Fploa5): 218 -3

Since  the yoller volls without slipp7ag
aq=o(-l'= 0.45 -(3)
Solving (0 -¢3)

> ol =1.413 ’“%"



Rod 4B rotates counterclockwise with a constant angular velocity w = 3 rad/s. Determine the
velocity and acceleration of point C located on the double collar when 6 = 45°. The collar
consists of two pin-connected slider blocks which are constrained to move along the circular path
and the rod 4B.

SOLUTION

req = {04008 + 0.4005 }

Ve = —0Ud

Ve = va+t Q Xrgu + (Voay:

—vei = 0 + (3k) X (0.400i + 0.400§) + (¢4 o8 45°% + vy, sin 457%)

—vd = 0 — 1.20i + 1.20 + 0.707ve 40 + 070704

—ve = —1.20 + 0.707v¢)

0 =120 + 0.707v¢ 4

ve = 240m/s Ans.

Veja = —1.697m/s

ac=a, + Q Xrgy + QX (Q X reu) +2Q X (Vo) + (ci)n:

~(ac)d = %J =0+ 0 + 3k x [3k X (0.4i + 0.4))] + 2(3k) X [0.707(~1697)i

+ 0.707(~1.697)j] + 0.707ac;ai + 0.707ac;4j
—(ac)i — 14.40) = 0 + 0 — 3.60i — 3.60j + 7.20i — 7.20j + 0.707ac4i + 0.707ac;a]j
—(ac) = —3.60 + 720 + 0.707a¢,,

~14.40 = —3.60 — 720 + 0.707ac,

“C_.-"A = —=5.09 mfsg
(ac) =0
Thus,
(2.4{))2 )
ac = (ac), = 0a - 144 m/s

ac = {—144j} m/s* Ans.



The 230-kg beam is supported at 4 and B when it is subjected to a force of 4.5-kN as shown. If
the pin support at 4 suddenly fails, determine the beam’s initial angular acceleration and the force
of the roller support on the beam. For the calculation, assume that the beam is a slender rod so

that its thickness can be neglected.
45kN

B A
| 24m [ 0.6 m

&3 F=m (Qa)x 5 4500 ()= 230 (Qa)x
+WZF&=MLN}‘}3 4500 L%)*rz%o{q.?l)—-Bcs_:zao(fl&)'i.
@ 2Muds s 230 19:81) (0:) +4500(L)(214) = 230 (da)y (04)+[ 7 (a3 o,ua)‘]d
Op = Og~ Qera R
~ds1 = - aa),?-(aa).&j”‘*‘”j
(Qa)y=(3)

o 223,71 Y/ g A

Bg_: 48.33 l\_'_—-#-ﬁm-

4500

ﬁoﬂ 0-1”
;4 ];—(lr' 230(4a)x _ Tem

= L — ] |
T

24m By 230(Qhe)y




4. The 10-kg uniform slender rod is suspended at rest when the force of /=150 N is applied to its
end. Determine the angular velocity of the rod when it has rotated 90° clockwise from the
position shown. The force is always perpendicular to the rod.

o 2
B

il
-

F

Kinetic Energy. Since the rod starts from rest, 7} = (. The mass moment of inertia

of the rod about O is I, = %(10)(32) + 10(1.5*) = 30.0 kg - m*. Thus,

1

1
B =5 he’ = 5 (300)e* = 1504

Work. Referring to the FBD of the rod, Fig. a, when the rod undergoes an angular
displacement #, force F does positive work whereas W does negative work. When

3
6 = 90°, Sy = 1.5mand Sy = 0r = (%)(3) = ?Tm.Thus

37

Up= 15{)(?) = 2257
Uy = —10(9.81)(1.5) = —147.15]

Principle of Work and Energy.
I +32U,.,=1,
0 + 2257 + (—147.15) = 15.0 °
w = 6.1085 rad/s = 6.11 rad/s Ans.

w=10(980N  A“#




5. Inthe eccentric shown, a disk of 50-mm-radius revolves about shaft O that is located 12 mm from
the center 4 of the disk. The distance between the center 4 of the disk and the pin at B is 200 mm.
Knowing that the angular velocity of the disk is 900 rpm clockwise, determine the velocity of the
block when 8 = 30°.

0 ¥ ¥
(0A)SinG = (AB) STpf )9\-/’(4’
0 ﬂﬁ

° 2 _
= (0-0!1]511'!30: EP‘SI A

2 tapp> 003
._.?. ﬁ'—' Ii’]lg.

op = Qoo vpm = A2 (am) = a4.25 s
Vi = (DA) WWop = (0-012) 4425 = 11131 /s 7

Vo= Va+ Vora [Vee)=[Va o0 J+[Vare Y] Vorp
fJIo'—p T 88-23-
Q= g0 B0 - = 31.72°
Vg VA

PR

Sin9 sin (A0-H)

’U-e,.- 0-544' m/S.E‘PmS'



6. The 150-kg uniform crate rests on the 10-kg cart. Determine the maximum force P that can be
applied to the handle without causing the crate to slip or tip on the cart. The coefficient of static

friction between the crate and cart is pg = 0.2.

~— 0.5 m —

Equation of Motion. Assuming that the crate slips before it tips, then £; = u, N = 0.2 N.
Referring to the FBD and kinetic diagram of the crate, Fig. a

+13F, = may; N — 150 (9.81) = 150 (0) N = 1471.5N

ESE = mlag), 02(1471.5) = 150a  a = 1.962 m/s*

CHEIMy = (Mp)a; 150(9.81)(x) = 150(1.962)(0.5)
x=01m

Since x = 0.1 m << 0.25 m, the crate indeed slips before it tips. Using the result of a
and refer to the FBD of the crate and cart, Fig. b,

& SF = mlag): P = (150 + 10)(1.962) = 313.92N = 314N Ans.

a
e

p
150¢28)N 7 150(9.8/)N

\ | \ 028

- N
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T;

(b)



