19-35. A horizontal circular platform has a weight of 300
Ib-and a radius of gyration k, = 8 ft about the z axis
passing through its center O. The platform is free to rotate
about the z axis and is initially at rest. A man having a
weight of 150 Ib begins to run along the edge in a circular
path of radius 10 ft. If he has a speed of 4 ft/s and
maintains this speed relative to the platform, determine
the angular velocity of the platform. Neglect friction.

Y = ¥p +¥nyy
(;] Vi = =10+ 4
((+ Hoy o= (Hon

fics _(;“1 )(ww(i’f_‘i J=100+4)(10)

@=10.175 rad/s Ans




19-38. The man sits on the swivel chair holding two 5-Ib
weights with his arms outstretched. If he is turning at 3 rad /s
in this position, determine his angular velocity when the
weights are drawn in and held 0.3 ft from the axis of rotation.
Assume he weighs 160 Ib and has a radius of gyration
k. = 0.55 ft about the z axis. Neglect the mass of his arms
and the size of the weights for the calculation.

i
fft 3 rad/s

251t —ﬂ
{

Mass Moment of Inertia : The mass moment inertia of the man and the
weights about z axis when the man arms is fully stretched is

160 : 5 5
(L), =tmj(&55') +2[32 > (2.5')J= 3.444 slug - ¢

The mass moment inertia of the man and the weights about z axis when the
weights are drawn 1n to a distance 0.3 ft from z axis

160 5 5 2 :
(L), = (m](o.ss ) +2[§3(0.3~)}= 1.531 slug - f¢*

Conservation of Angular Momentum : Applying Eq. 19— 17, we have
(H,), =(H,),

3.444(3) = 1.531(w.),
(@.), = 6.75 rad/s Ans




*19-44.  The pendulum consists of a 5-1b slender rod AB
and a 10-Ib wooden block. A projectile weighing 0.2 Ib is
fired into the center of the block with a velocity of 1000 ft /s,
If the pendulum is initially at rest, and the projectile embeds
itself into the block, determine the angular velocity of the
pendulum just after the impact.

gl ertia e m morm ne o1l m an
f neri Th ass ent a 0 e pe ulu
tofl ta ; rua of th di d

Mass Momen ]
\he embeded bullet about point A 15

5

(s = %(L)( )+ 353 (1)

Al — 2 (28 o2 1b
10 s O e &)
i L — (2 +— 23
%(31?)(' +11)+555(25) TR
=2.239 slug - ft°
i the impact —
m : Since force F duc w ! =
Conservation of Angular Momentu e s il st

s internal to the system consisur g of the pen ulum

5 y thi d :
. Thus .;.ngula.j’ momenium is conserved about point Al Applymg
vl .

Eq. 19~ 17, we have

(Hy), = (Hy)s
(m, U,,)U‘h) = “’_4 )! W,
(Pi)(lomnz.s; = 22390,
32

w, =6.94 rad/s Ans




9-45. A thin ring having a mass of 15 kg strikes the
0-mm-high step. Determine the largest angular velocity
w, the ring can have so that it will not rebound off the
step at A when it strikes it.

The weight is non — impulsive.
(Haw = Hin

15(a )(0.18)(0. 18- 0.02)+[15{0. 18)’](:.;,) = [I.S(O. 18)* + 15(0. m’]m,

o = 0.94440y
NEF =maon: (190810 0-Na = 1504 (0.18)
160
When hoop is about to rebound, N; = 0. Also, cos@ = 80" and so
w, = 6.9602 rad/s

o 289602 _ 5 37 madis Ans
0.9444




#1951, The 4-1b rod AB is hanging in the vertical
position. A 2-Ib block, sliding on a smooth horizontal
surface with a velocity of 12 ft/s, strikes the rod at its end
B. Determine the velocity of the block immediately after
the collision. The coefficient of restitution between the
block and the rod at Bis e = 0.8.

Conservation of Angular Momentum : Since force F due to the impact
is internal 10 the system consisting of the slender rod and the block, 1t will cancel
out. Thus, angular momentum is conserved about point A. The mass

. 14y
moment of inertia of the slender rod about point A 1s J, = ﬁ(fﬁ ]( )

+3;:(1.51) =0.3727 slug- f. Here, @, = ‘—”;—)— Applying Eq.19-17,
we have
(Hy), =(Hy),
[’"t,(ua:‘l]lrﬁ)=’Am1*[”’b(ub}3](-’>)
(_2_)(12)(3)50.3727["%’:]+[_3_)(un,(3) i
32.2 3 32.2 2

Coefficient of Restitution : Applying Eq. 19 - 20, we have

=(Ua]1-lvb);

(vy), —(vg),
+ v -
() o tila— it )122 _‘0”")2 (2)
Solving Egs.[1] and [2] yields
(v,), =3.36fts — Amns

(vg), = 12.96 fu/s —

4 |b

Zlb



19-53. The 6-Ib slender rod AB is originally at rest,
suspended in the vertical position. A 1-Ib ball is thrown
at the rod with a velocity v = 50 ft/s and strikes the rod
at C. Determine the angular velocity of the rod just after
the impact. Take ¢ = 07andd =2ft

9

v=>50fs

3ft (+ (Hy)y = (Ha)z ‘_:
! 1,6 a A )@
(gﬁnsom) =I5t Y oy + m(v.m :

Ve —VaL
_01=S—
¢ =40 50-0

o, =173 rad/s Ans
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20-9. The cone rolls without slipping such that at the
instant shown w, = 4 rad/s and @, = 3 rad/s>. Determine
the velocity and acceleration of point B at this instant.

Angular velocity : The resultant angular velocity @ = @, +a, is alw
along the instantaneous axis of zero velocity( y axis).
O=a, +ay

o j = 4k + (@, cos20°% + @, 5in20°k)
@ j = @, cos20°%+ (4+ o, 8in20°) k

Equating j and k components

4+ @,5in20°=0 @, =-11.T70rad/s
@=-11.70c0820° = —10.99 rad/s

Hemce w={-10.99} rad/s
@, =—11.70c0820°% + (~11.705in20°) k = {-10.99j +

Angular acceleration

(@,),,, = {3k} madss®
(@),,, = (~¥g=) c0s20°% - 3k = {~8.2424j— 3k} rad/s’

o= a; +a,
=[(@),,, +Qx e, J+[(a),, +Qxa,]

2= o, = {4k} rad/s then

& = [3k+0]+ [(—8.2424j — 3k) + 4k x (—10.99% + 4k)]
= {43.9596i — 8.2424j} rad/s

ry = 28in20° + 2c0s20°%j + 25in20°cos20°k
=—0.68404i + 1.8794j + 0.6427%
Yy = WXry
= (—10.99j) x (~0.68404i + 1.8794j + 0.6427% )
= —7.0642i -7.5176k
= {-7.06i — 7.52k} fi/s Ang

By = OXTp+WXVy
= (43.9596i — 8.2424j) x (—0.68404i + 1.8794j + 0.6427% )
+(~10.99§) x(~7.0642i — 7.5176k)
= {77.3i - 28.3j - 0.657k} fvs* Ans




20-13. Shaft BD is connected to a ball-and-socket joint L
at B, and a beveled gear A is attached to its other end. i
The gear is in mesh with a fixed gear C. If the shaft
and gear A are spinning with a constant angular velocity
w) = 8 radfs, determine the angular velocity and angular
acceleration of gear A.

5
y =tan”! e 1404° B=sin"" ——Eg—— = 18.87°
300 3007 +75°

The resultant angular velocity @ = @ + wy is always directed along
the instantaneous axis of zero velocity JA.

w

_ e 2 = 1344 rads
10  smIB8F TS

w = 13.445in 18.87°1 + 13.44cos 18.87°]

Y
= {4.351 + 12.7]) rad/s Ans 300 mm
w2
- = = 6.00 rad/s
GoTADE -~ misEr ¢ e 75 MW00 mm
wn = [6]) rad/s A
. P
? )

w, = 8sin32.91%i + 8cos 32.91°) = {4.3466i + 6.7162j) rad/s
B=18.87°

For wy. 2 = w2 = (6)) rad/s. 147.09°

(@1)ave = (@ )esz + R X @ @
@) )xv: = (@1} 1 w, = 8 rad/s

— 04 (6) x (4.3466i + 6.7162)) ¥ =14.04°
X

= {—26.08k) rad/s’
For w;. 2 = 0. o =o=(0)xyz + (@)xrz

(@n)xyz = @)y + 2 x 2 =0+ 0=0 o = 04 (—26.08k) = [—26.1k} rad/s’  Ans

20-14. The truncated cone rotates about the z axis at a
constant rate w. = 0.4 rad/s without slipping on the hori-
zontal plane. Determine the velocity and acceleration of
point A on the cone.

.5
g =sin”! ((—)l;') = 30°

0.4

2 — 0.8 rad/s
n30° 0.8 rad/s

wy =

w = 0.8¢cos 30° = 0.6928 rad/s
w = |—0.6928j} rad/s =
Q =04k

= (@) + X W W

— 0+ (0.4k) x (—0.6928])

@ = 10.2771i} rad/s’

4= (3 — 3sin30)j + 3cos 30°K va = {— 180N} fUs Ans

— (1.5 -+ 2.598K) ft Ay =0 XTs+® X%V

N — (0.2771i) x (1.5) + 2.598K) + (—0.6928]) x (~1.80)

— (—0.6928]) x (1.5 +2.598K) a, = (—0.720j — 0.831K) fus® Ans

—‘#




z
20-15. At the instant shown, the tower crane is rotating |
about the z axis with an angular velocity w; = 0.25 rad/s,
which is increasing at 0.6 rad/s The boom OA is rotating {‘T“ @, =0.25 rad/s
downward with an angular velocity w, = 0.4 rad/s, which <]
is increasing at 0.8 rad/s’. Determine the velocity and
acceleration of point A located at the top of the boom at
this instant.

w=ay +a, = {~0.4i+0.25k} rad/s

Q=1{0.25k} rad/s

= (m) + € 0= (=0, 81+0.6k) + (0.25K) X (~0.41 +0.25K)
-

={-0.8i-0.1j+0.6k} rad/s’
r, = 40cos30°) + 40sin30°k = {34.64) + 20k} ft
va = @xry =(—0.4i+0.25k) x (34.64j + 20k)
vy ={-8.66i+8.00j— 13.9k} fu's Ans

8, = axry +@x vy = (—0.8i—0.1j +0.6k) x (34. 64 + 20k) + (=0.4i + 0.25k) x (~8.66i +8.00j - l3.9kl

a, = {~24.8i+8.29j~ 30.9k} fus? Ans



