17-53. The 80-kg disk is supported by a pin at A. If it is
released from rest from the position shown, determine
the initial horizontal and vertical components of reaction

at the pin. =
< XE = mag),; A4 =0 Ans
+T2E = mia),; A, - 80(9.81) = —80(1.5)(c)
C+IM, = Lo f
‘4 G a; 80(9.81)(1.5) = ['2'(80)(1-5)2111

@ = 4.36 rad/s®

A, =262N Ans

fx

hy

Xo(

N

80(1.80N




17-55. The fan blade has a mass of 2 kg and a moment
of inertia 7, = 0.18 kg-m? about an axis passing through
its center O. If it is subjected to a moment of M =
3(1 — e %) N-m, where ¢ is in seconds, determine its
angular velocity when ¢ = 4 s starting from rest.

(+iMo =loa;  3(1-¢¥)=0.18a
a=16.67(1-¢°%)

dw= o dt

(2] '
I d(u:Jo 16.67(1-e™%) dt

l 4
0= 16.67[I+ — e Z‘L
0.2

w=20.8rad/s Ans

62N

M Ox

[

Q4




17-62. Cable is unwound from a spool supported on
small rollers at A and B by exerting a force of T = 300 N
on the cable in the direction shown. Compute the time
needed to unravel 5 m of cable from the spool if the spool
and cable have a total mass of 600 kg and a centroidal
radius of gyraticn of ko = 1.2 m. For the calculation,
neglect the mass of the cable being unwound and the mass
of rollers at A and B. The rollers turn with no friction.

Equation of Motion : The mass moment of inertia of the spool about point O is

given by [, = mkj, = 600( 1.2%) = 864 kg -m". Applying Eq. 17— 16. we have
(+2Mo =l -300(08) =864  &=0.2778 radss’
Kinematic : Here, the angular displ ol A i
3 placement 0 = - = — = 6.25 rad.
: FT08 . Applving
equation 6 = 6, + w, 1+ Eatz. we have

(4 625=0+0+%(0.2778):2

1=6.71s Ans




#17-91. Two men exert constant vertical forces of 40 Ib
and 30 Ib at the ends A and B of a uniform plank which
has a weight of 50 Ib. If the plank is originally at rest,
determine the acceleration of its center and its angular
acceleration. Assume the plank to be a slender rod.

Equation of Motion : The mass moment of inertia of the plank about its mass

bt L RSO 2 : :
center is given by /; = Em[ = E(EJ( 15 ) =29.115 slug - ft". Applying
Eq. 17— 14, we have

50

+T2E = m(ag), ; 4o+3o—so=(
¥ o 32.2)“0

ag =129 fus* Ans
(+EMG = [ 30(7.5) —40(7.5) = =29.115a

o =2.58 rad/s’ Ans

40 Ib




17-94. The spool has a mass of 500 kg and a radius
of gyration kg = 1.30 m. It rests on the surface of a
conveyor belt for which the coefficient of static friction is
s = 0.5. Determine the greatest acceleration ac of the
conveyor so that the spool will not slip. Also, what are
the initial tension in the wire and the angular acceleration
of the spool? The spool is originally at rest.

53 F =mag): T — 05N, =500ag
+1 Y F =mag)y; N, —50009.81) =0
1+Z Mg = loa,  0.5N;(1.6) — T(0.8) = 500(1.30)%x

a, = ac =}= Ap/G

(ap)yj = agi — 0.8ai

ag = 0.8a
Solving;
N; = 4905 N

T =313 kN Ans
o = 1.684 rad/s Ans
ag = 1.347 m/s?
Since no slipping
ac =acg +ac/G

ac = 1.347i — (1.684)(1.6)i

500(9.81)
0.8 m
1.6m T
F=05N,
NS
o =0
T
0.8 m
ag
(ap)y
(@)x=0
ac

ac = 1.35 m/s®>  Ans
Also,
‘(4— S My = licas 0.5N;(0.8) = [500(1.30)" +500(0.8)'le

Since N, = 4905 N

a = 1.684 rad/s




*17-100. A uniform rod having a weight of 10 Ib is pin-
supported at A from a roller which rides on a horizontal
track. If the rod is originally at rest, and a horizontal force
of F = 15 Ib is applied to the roller, determine the
acceleration of the roller. Neglect the mass of the roller
and its size d in the computations.

Equation of Motion : The mass moment of inertia of the rod about its mass

Lo > Gl 2 2 :
ter is gi Ip=—ml" = — —) 27) =0.1035 slug - ft". At the instant
center is given by I 12m 12(32.2 ( ) g
force F is applied, the angular velocity of the rod @ = 0. Thus, the normal
component of acceleration of the mass center for the rod (ag), = 0. Applying

Eq. 17 - 16, we have

10 =
IE =m(ag),: 15=(3—2—i)aa a; =483 fu/s”
10
(+WA =E(M),: 0=(§2—2)(48.3)(1)-0.1035a
a = 1449 rad/s’

Kinematic : Since ® = 0, (ag,, ), = 0. The acceleration of roller A can be
obtain by analyzing the motion of points A and G. Applying Eq.16 - 17, we have

ag = a, +(ag4), +(agy),
[48,3] i [a4]+[1449< 1)]+[0]
= = -

(=) 483=a, —1449
a, = 193 fus’ Ans

15 1b

1f¢

(Gep), -44-9¢1)

Il

(aé/A)n:O

o= 1449 s
W0



17-102. The lawn roller has a mass of 80 kg and a radius
of gyration kg = 0.175 m. If it is pushed forward with a
force of 200 N when the handle is at 45°, determine its
angular acceleration. The coefficients of static and kinetic
friction between the ground and the roller are ps = 0.12
and wx = 0.1, respectively.

200N

Assume no slipping.

Iy =Ig+md* = 80(0.175)* + 80(0.200)* = 5.65 kg - m? o
M, = 200cos45°(0.200) = 28.284 N-m 80 (9.8 N
My = L G,
a= il — 501 rad/s> Ans l
—> F;

Check no slippage assumption. A
@GHTF=0 - 200 sin 45° — 80(9.81) + N =0
N =92622 N
(Ff)max = 0.12(926.22) = 11115 N
I = 80(0.175)* = 245 kg - m’

Mg = lga = 2.45(5.01) = 1227 N-m

12.27
F w o614 N 111.I15 N 0.K.
f= 0200 =




17-107. The 16-Ib bowling ball is cast horizontally onto
a lane such that initially @ = 0 and its mass center has a
velocity v = 8 ft/s. If the coefficient of kinetic friction
between the lane and the ballis px = 0.12, determine the
distance the ball travels before it rolls without slipping.
For the calculation, neglect the finger holes in the ball
and assume the ball has a uniform density.

T 16
SIF =miagh: 012N = '3—2'306

+1LF, =m(ac)y Ny-16=0
2( 16 :
(+2Mo=lom: 012N (0375) =[3(§1—-2)(o.375) Je

Solving,

No=161b; ac=3.864 fst; a=25.76 radls’
When the ball rolls without slipping v = a(0.375),
((» 0=y + 0t

Y —0+25.76t
0.375

v =9.660t

b
iy 9 1
& v ( ;‘gﬁﬂa
0.3750 Tes
—0.12Na
T
(4:—) v=vo +4ct

9.660r = 8 —3.864¢

t=0.592s

% 1
(*—) s=50 .+vot+§a,tz

s=0+8(0.592)- % (3.864)(0.592)

s=4.06ft Ans




SRS
17-110. A cord C is wrapped around each of the two
rest, determine the

' 10-kg disks. If they are released from
tension in the fixed cord D. Neglect the mass of the cord.
| For A:

(6]

| 1
| {+Z Ma =ll,«a,‘: T(0.09) = {5(10)(0-09)’] o4
‘,t For B:
.(+>:Mn = Igog;

+LZ Fy, = m(ap)y:

| gy=ap+ @)t (as/pln

1 .
T(0.09) = [5(10)(0‘09)'] ag @

109.8) —T = 10ap 3)

:‘ (+{)as = 0.09¢4 4+ 0.09a5 + 0 @)

| Solving,

| o= 7.85 m/s®

‘ ay =436 rad/s’
| ap=436 rad/s®
| r7=1962N

| 4, =100.81) + 1962

=118 N Ans
10981 N
: 1404
009 m =
A, /i
.
| 009m
1098 N 10ag
w=0
R (
ap/p)r
P\ :
009 m {ame:




| 182 The wheel is made from a 5-kg thin ring and two
 2:kg slender rods. If the torsional spring attached to the
| wheel's center has a stiffness k = 2 N - m/rad, so that the
 torque on the center of the wheel is M = (20) N'm,
| where 0 is in radians, determine the maximum angular
| velocity of the wheel if it is rotated two revolutions and

then released from rest.

1 2
b= 2(1_2(2)(1)’1 + 5(0.5)* = 1.583 W

| % +ZU,., = T, @Rx

| 0+ ["2040 = %(1.533)0)’
3 (]

| o = 079170

0= 141 rad/s Ans




*18-4. The double pulley consists of two parts that are
attached to one another. It has a weight of 50 Ib and a
centroidal radius of gyration of ko = 0.6 ft and is turning
with an angular velocity of 20 rad/s clockwise. Determine
the kinetic energy of the system. Assume that neither
cable slips on the pulley.

1 1 1 7
= —maVh 4 =m
T 2Ioa£+2mAA L

1( 50 12 g L 22836t b A
il (0‘6)2)(20)1,{5( STZ)[(ZO)(”] +2(32.2)[(20)(0.5)] 283 ft ns

=20 rad/s
S > od




18-9. A force of P = 20 N is applied to the cable, which
causes the 175-kg reel to turn since it is resting on the
two rollers A and B of the dispenser. Determine the
angular velocity of the reel after it has made two
revolutions starting from rest. Neglect the mass of the
rollers and the mass of the cable. The radius of gyration
of the reel about its center axis is kg =042 m.

L +LU,, =0
0+20(2)(27)(0.250) = %[175(0_42)2]‘”1

@=2.02 rad/s Ans

? 175 (9.3DN

ag,250m




