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- CHAPTER 18 Planar Kinetics of a Rigid Body: Work and Energy

*18-12. The soap-box car has a weight of 110 Ib, esw18-14. A motor supplies a constant torque or twist o

including the passenger but excluding its four wheels.
Each wheel has a weight of 5 b, radius of 0.5 ft, and a
radius of gyration k = 0.3 ft, computed about an axis
passing through the wheel’s axle. Determine the car’s
speed after it has traveled 100 ft starting from rest. The
wheels roll without slipping. Neglect air resistance.

0.5 ft

Prob. 18-12

18-13. The pendulum of the Charpy impact machine has
a mass of 50 kg and a radius of gyration of k4 = 1.75 m.
If it is released from rest when 6 = 0°, determine its
angular velocity just before it strikes the specimen S,
6 = 90°.

Prob. 18-13

M = 1201b-ft to the drum. If the drum has a weight of
30 Ib and a radius of gyration of kp = 0.8 ft, determine
the speed of the 15-1b crate A after it rises s = 4 ft startinz
from rest. Neglect the mass of the cord.

M=1201b-ft

Prob. 18-14

18-15. The hand winch is used to lift the 50-kg loac
Determine the work required to rotate the handle five
revolutions. The gear at A has a radius of 20 mm.

rg =130 mm

Prob. 18-15



J e *18-16. The 4-kg slender rod is subjected to the force
' and couple moment. When it is in the position shown it
has an angular velocity w; = 6rad/s. Determine its
! angular velocity at the instant it has rotated downward
90°. The force is always applied perpendicular to the axis

: of the rod. Motion occurs in the vertical plane.

emmm 18-17.  The 4-kg slender rod is subjected to the force and
couple moment. When the rod is in the position shown it
has a angular velocity w; = 6rad/s. Determine its
angular velocity at the instant it has rotated 360°. The
force is always applied perpendicular to the axis of the
rod and motion occurs in the vertical plane.

3m

Probs. 18-16/17

18-18. The elevator car E has a mass of 1.80 Mg and the
counterweight C has a mass of 2.30 Mg. If a motor turns
the driving sheave A with a constant torque of
M = 100 N - m, determine the speed of the elevator when
it has ascended 10 m starting from rest. Each sheave A
and B has a mass of 150 kg and a radius of gyration of
k = 0.2 m about its mass center or pinned axis. Neglect
the mass of the cable and assume the cable does not slip
on the sheaves.
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18-19. The elevator car E has a mass of 1.80 Mg and the
counterweight C has a mass of 2.30 Mg. If a motor turns
the driving sheave A with a torque of M =
(0.060° + 7.5) N+ m, where 6 is in radians, determine the
speed of the elevator when it has ascended 12 m starting
from rest. Each sheave A and B has a mass of 150 kg and
a radius of gyration of k = 0.2 m about its mass center
or pinned axis. Neglect the mass of the cable and assume
the cable does not slip on the sheaves.

Probs. 18-18/19

*18-20. The pendulum consists of two slender rods each
having a mass of 4 kg /m. If it is acted upon by a moment
M = 50N-m and released from the position shown,
determine its angular velocity when it has rotated (a) 90°
and (b) 180°. Motion occurs in the vertical plane.

A ,
/M=50N-m

I 2m

Prob. 18-20




456 . CHAPTER 18 Planar Kinetics of a Rigid Body: Work and Energy

18-21. A motor supplies a constant torque M = 6 kN -m
to the winding drum that operates the elevator. If the
elevator has a mass of 900 kg, the counterweight C has a
mass of 200 kg, and the winding drum has a mass of 600 kg
and radius of gyration about its axis of k = 0.6 m, determine
the speed of the elevator after it rises 5 m starting from rest.
Neglect the mass of the pulleys.

Prob. 18-21

18-22. The 20-kg disk is originally at rest, and the
spring holds it in equilibrium. A couple moment of
M =30N-:m is then applied to the disk as shown.
Determine its angular velocity at the instant its mass
center G has moved 0.8 m down along the inclined plane.
The disk rolls without slipping.

@ 18-23. The 20-kg disk is originally at rest, and the
spring holds it in equilibrium. A couple moment of
M =30N-m is then applied to the disk as shown.
Determine how far the center of mass of the disk travels
down along the incline, measured from the equilibrium
position, before it stops. The disk rolls without slipping.

k=150 N/m

M=30N-m

Probs. 18-22/23

*18-24. The linkage consists of two 8-1b rods AB an:
CD and a 10-1b bar AD.When 6 = 0°, rod AB is rotatize
with an angular velocity w,p = 2rad/s. If rod CD =
subjected to a couple moment M = 15 1b- ft and bar A~
is subjected to a horizontal force P = 201b as show=
determine w 45 at the instant 6 = 90°.

18-25. The linkage consists of two 8-1b rods AB and €©
and a 10-1b bar AD.When 6 = 0°, rod AB is rotating wi%
an angular velocity w 43 = 2 rad/s. If rod CD is subjectes
to a couple moment M = 151b-ft and bar AD =
subjected to a horizontal force P =201b as shows
determine w45 at the instant § = 45°.

3 ft

Probs. 18-24/25

18-26. The spool has a weight of 500 1b and a radius =
gyration of k; = 1.75 ft. A horizontal force of P = 15 &
is applied to a cable wrapped around its inner core. If 5
spool is originally at rest, determine its angular veloct
after the mass center G has moved 6 ft to the left. T
spool rolls without slipping. Neglect the mass of the cah

Prob. 18-26
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18-27. The uniform bar has a mass m and length L If it
is released from rest when 6 = 0°, determine the angle 6

at which it first begins to slip. The coefficient of static
friction at O is u, = 0.3.

Prob. 18-27

*18-28. The system consists of a 20-Ib disk A, 4-1b
slender rod BC, and a 1-1b smooth collar C. If the disk
rolls without slipping, determine the velocity of the collar
at the instant the rod becomes horizontal,i.e.,® = 0°. The
system is released from rest when 6 = 45°,

Prob. 18-28
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18-29. The two 2-kg gears A and B are attached to the
ends of a 3-kg slender bar. The gears roll within the fixed
ring gear C, which lies in the horizontal plane.Ifa 10-N-m
torque is applied to the center of the bar as shown,
determine the number of revolutions the bar must rotate
starting from rest in order for it to have an angular
velocity of w4z = 20 rad/s. For the calculation, assume
the gears can be approximated by thin disks. What is the
result if the gears lie in the vertical plane?

Prob. 18-29

18-30. The assembly consists of two 15-1b slender rods
and a 20-Ib disk. If the spring is unstretched when § = 45°
and the asserhbly is released from rest at this position,
determine the angular velocity of rod AB at the instant
6 = 0°. The disk rolls without slipping.

Prob. 18-30




